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STREPTOCOCCUS 
PNEUMONIAE SEROTYPE 
DISTRIBUTION AFTER 
THE INTRODUCTION 
OF PNEUMOCOCCAL 
CONJUGATE VACCINES – 
REVIEW

Mariya Malcheva

National Centre of Infectious and Parasitic Diseases 
(NCIPD)

ABSTRACT
Streptococcus pneumoniae serotypes are 
changing due to the widely introduced 
pneumococcal conjugate vaccines. Surveillance 
studies have proven valuable in monitoring 
these vaccine effects. S. pneumoniae is highly 
adaptable to its human reservoir and colonises 
mucosal surfaces of upper airways mainly in 
children. Carriage decreases during the first 
2 years of life because of the development of 
naturally acquired adaptive immune memory. 
Most of the serotypes do not cause serious 
illnesses but few of them are responsible for 
severe pneumococcal infections. Ten of the 
most common serotypes are estimated to cause 
over 60% of invasive diseases worldwide. 
The virulence factor of S. pneumoniae is the 
polysaccharide capsule as non-encapsulated 
strains are absent among the strains causing 
invasive pneumococcal disease. Prevalence of 
serotypes differs depending on the age group 
and geographic area of patients. Differences in 
PCV implementation lead to changes in serotype 
distribution and to significant reduction of disease 
caused by vaccine types.

KEYWORDS:
Streptococcus pneumoniae, pneumococcal 
serotypes, PCVs

ABBREVIATIONS 
AOM – Acute otitis media
CSF – Cerebrospinal fluid
Hib – Haemophilus influenzae type b
IgG – Immunoglobulin G
IPD – Invasive pneumococcal disease
NVT – Non-vaccine serotype
NP – Nasopharynx 
PCV – Pneumococcal conjugate vaccine
PCV7 – 7-valent pneumococcal conjugate 
vaccine
PCV10 – 10-valent pneumococcal conjugate 
vaccine
PCV13 – 13-valent pneumococcal conjugate 
vaccine
Ply – Pneumolysin 
RCT – Randomised controlled trial
U5 – Under five (years of age)
UNICEF – United Nations International Children’s 
Emergency Fund
URT – Upper respiratory tract
VT – Vaccine serotype
WHO – World Health Organisation 

INTRODUCTION
Streptococcus pneumoniae is a Gram-
positive diplococcus and opportunistic 
pathogen colonising the human nasopharynx. 
Pneumococcal polysaccharide capsule and its 
chemical structure define the antigenicity and 
virulence of the strains. The host produces 
specific antibodies depending on the capsule 
type (1). This antibody-related immunity defines 
98 different serotypes of S. pneumoniae by 2018 
(2). Pneumococci are naturally competent and 
colonisation provides an opportunity for genetic 
recombination between serotypes or with other 
closely related species. This remarkable capacity 
of S. pneumoniae to remodel its genome may 
lead to antibiotic resistance or capsular switching 
(2, 3). 
From 27% to 65% of children and more than 
10% of adults are pneumococcal carriers. 
Normally the host`s innate and adaptive immune 
responses protect from invasion and retain the 
bacterium in a commensal state (3, 4). After 
colonisation pneumococci could be shed in the 
environment at levels allowing them to transmit 
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and colonise other hosts, where they may cause 
invasive pneumococcal disease (IPD) (3). The 
World Health Organisation (WHO) included S. 
pneumoniae as one of the 12 priority pathogens 
because of the remaining high burden of disease 
and the rising rates of antimicrobial resistance in 
pneumococci. The most common form of serious 
disease is pneumonia with highest mortality 
rates among children under the age of 5 (U5) 
worldwide (3, 4). 
Development of pneumococcal vaccines started 
in the early 20th century but the first PCV was 
licenced in the year 2000 (1). This was PCV7 and 
it included purified capsular polysaccharides of 7 
serotypes of S. Pneumoniae (4, 9V, 14, 19F, 23F, 
18C, and 6B) conjugated to a non-toxic variant 
of diphtheria toxin (4). To date 10- and 13-valent 
formulations of PCV are used worldwide; the 
capsular polysaccharides are conjugated to a 
carrier protein, either protein D of Haemophilus 
influenzae type b (HiB), tetanus toxoid or 
diphtheria toxoid. In PCV10 protein D is used as 
the carrier protein for 8 serotypes (1, 4, 5, 6B, 
7F, 9V, 14 and 23F), whereas 19F is conjugated 
to diphtheria toxoid and serotype 18C – to 
tetanus toxoid. PCV13 provides coverage also 
of serotypes 3, 6A and 19A. Additional products 
are expected to be licensed in the coming years 
(1, 4). PCVs effectively prevent the most serious 
forms of pneumococcal disease caused by the 
serotypes included in the vaccine and also reduce 
the risk of nasopharyngeal (NP) carriage of those 
serotypes (5). In Bulgaria PCV10 was introduced 
in the National Immunisation Calendar in 2010 
with over 90% coverage in the period 2011-2017 
according to data provided by WHO and UNICEF 
estimates of national immunisation (6). 

Transmission, colonisation and carriage of S. 
pneumoniae
Until recently, all that was known about 
pneumococcal transmission was that it required 
close contact with one or more carriers, most 
probably young children. Colonisation in 
children was found to be frequent in fall and 
winter months, when viral infections of URL are 
common and nose secretions are abundant. (3). 
Animal models were examined and described 
– the ferret model and the infant murine model, 
both co-infected with influenza A virus (IAV) 
which increased transmission. “Shedding” from 
the host or leaving the human body, the survival 

of bacteria in the environment and the realisation 
of transfer between hosts, has been studied in 
detail with the infant mouse model. These studies 
have proven the need for large numbers of shed 
pneumococci so that at least one to be successful 
in reaching a new host (7). Another study with 
the same model, points out the necessity of the 
pneumolysin (Ply), the single toxin produced 
from S. pneumonie, as the key inflammatory 
and shedding agent in the colonized NP. This 
contributes to the transmission and the disease 
state by promoting the survival of bacteria in the 
environment and in the host at the same time (8). 
Studies of the cps promoter on the other hand 
showed that encapsulation may contribute to 
transmission of certain serotypes as capsules 
were more effective in facilitating shedding (7).
Transmission through secretions of carriers 
could involve direct person-to-person contact 
or spread involving bacteria on contaminated 
surfaces. S. pneumoniae is shown to survive 
on surfaces touched frequently by children 
carriers. The period of survival outside the 
human in saliva can reach a couple of days and 
bacterial expression of Ply increases survival 
in airway surface fluid (3). Ply-induced toxin-
dependent inflammation and consequently, 
increased nutrients in secretions help bacteria 
survive outside the host (8). When the strain 
has a capsule it was shown it survives longer, 
since the capsule serves for nutrition through 
the carbohydrate reserve in it (7). Furthermore, 
pneumococci could survive drying up for many 
days, and biofilm bacteria retain viability in vitro 
better than planktonic bacteria (3).  
According to data shown in murine models 
and experimental human carriage, colonisation 
increased antibody levels which had immunising 
effects and protected against subsequent 
disease (7). Colonisation increased nasal, lung 
and serum antibody levels and protected against 
reacquisition of the same strain up to 1 year. 
These protective events were found to be specific 
to the serotype and strain of S. pneumoniae 
that the volunteer was carrying and if different 
serotype was introduced there was no increased 
protection (9).
Correlation between NP carriage of pneumococci 
and disease was found mainly in studies with 
children U5 and as disease consequence – AOM 
manifestation being the most common. Although 
long periods of carriage were common with this 
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age group the acquisition of a new serotype was 
related to disease development (5). Several 
bacterial factors were required for colonisation 
and persistence in order for S. pneumoniae to 
effectively transfer to another host. Adherence 
was found to be compromised by the mucus, 
antimicrobial peptides, immunoglobulins of 
the NP and after overcoming these obstacles 
pneumococci might access and attach to the 
surface of epithelial cells (3). S. pneumoniae 
serotypes interact with the NP flora and this 
relationship is likely extensive and complex. 
Pneumococcal carriage was also related to 
the colonisation with other microbial species, 
usually in children during the first 2 years of 
life when the microbiome changes intensively 
(10). Dynamics in the relationships between 
the different serotypes colonising the same 
host were studied, and competitive pneumocins 
were found to be type–specific for pneumococci 
(3). Serotype distributions varied by syndrome, 
disease severity and carriage prevalence. 
There were factors found contributing certain 
serotype’s colonisation – as the age of the host; 
also interactions with many children carriers 
daily, as in the family or in kindergartens (11).

Pneumococcal disease burden 
Pneumococci could spread from the NP 
by contiguous extension in the respiratory 
tract to cause infection in the middle ear 
(otitis media), sinusitis or non-bacteremic 
pneumonia. S.pneumoniae could also invade 
the bloodstream and spread to other sites in the 
host causing secondary, more distal infection 
(Table 1.) (1, 4). IPD is defined as “isolation of 
pneumococcus from a normally sterile body 
site” (such as blood, CSF or pleural fluid) and 
can range clinically from bacteremia with 
fever but no focus of infection (the so-called 
occult bacteremia) to life-threatening infection. 
According to these definitions, Table 1 shows 
the different diseases caused by pneumococci 
classified as invasive or non-invasive (1). There 
are serotype-specific differences in the frequency 
and site of disease following NP colonisation. 
Some serotypes are more commonly found 
causing bacteremic pneumonia and others 
are more commonly found causing meningitis, 
for example (11). Recent studies show a link 
between pneumococcal bacterial load and 
invasiveness of a specific serotype compared 

to other carried serotypes. The higher NP 
concentration of a certain serotype compared to 
the others colonising the host suggests higher 
probability for the numerous serotypes causing 
IPD. This quantitative assay may potentially 
predict invasiveness and distribution of some of 
the S. pneumoniae serotypes according to their 
numbers in the nasopharynx (12).  

Table 1. Invasive and non-invasive pneumococcal 
diseases.
Invasive pneumococcal 
diseases

Non-invasive 
pneumococcal 
diseases

• Bacteremia without a 
clinical focus of infection 
• Bacteremic pneumonia 
• Cellulitis with bacteremia 
• Endocarditis 
• Pericarditis 
• Septic arthritis 
• Osteomyelitis 
• Peritonitis 
• Epiglottitis

• Acute otitis media 
• Non-bacteremic 
pneumonia 
• Bronchitis 
• Sinusitis 
• Conjunctivitis 
• Mastoiditis 
• Periorbital cellulitis 

Pneumococcal mortality is a significant 
contributor to the U5 mortality rate worldwide. 
Streptococcus pneumoniae is the most common 
cause of bacterial pneumonia in children and 
accounted for 16% of all deaths of children U5 
according to WHO 2015 report. Invasive disease 
accrues in younger children more commonly 
in developing countries – through the first year 
of their life, compared to developed countries 
were there were less common and at later age 
(1, 4). The leading IPD was meningitis, which 
leaded to severe consequences like neurological 
sequelae, hearing loss and mental retardation. 
Case fatality rates from IPD in children can be 
high, ranging up to 50% according to the disease 
type and the country of occurrence (11).
 
Effects of PCVs on invasive disease and 
carriage 
Despite the high coverage of PCV’s in Europe 
and the United States and the global vaccine 
funding for low income countries, S. pneumoniae 
remains the leading cause of childhood mortality 
worldwide (1, 11). Before the introduction of 
PCV’s, studies have shown that around ten 
serotypes caused the majority of IPD in children. 
PCV7 included serotypes that were responsible 
for meningitis and were nonsusceptible to 
penicillin. In the United States, following PCV7, 
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only 5% of the clinical isolates were of serotypes 
included in the vaccine (4, 6B, 9V, 14, 18C, 19F, 
and 23F). Prevalence of NVT had then increased 
with 19A becoming a leading cause of IPD with 
a high percentage of MDR strains. The PCV13 
with added coverage of 19A and other serotypes 
(1, 3, 5, 6A and 7F) was approved and by 2012-
2013 and had the desired effect, with serotype 
19A strains falling to 10%. The new PCV13 
covered 19A serotype but not long after that the 
niche was replaced with 35B also not susceptible 
to penicillin (13). 
Globally serotype 14 was known to cause IPD 
most frequently and 6B was the next common 
IPD serotype. In Africa there were differences 
in distribution – there was serotype 1 as most 
prevalent, together with serotype 5 on second 
place (11). 
In Bulgaria a study during a period after the 
introduction of PCV10 demonstrates distribution 
of NVT 3 and 19A causing meningitis in vaccinated 
people. Other serotypes/serogroups in the study 
causing IPD are 8, 9N/L, 10A/D, 10B, 11A/D, 
15B/C, 15A/F, 24 A/B/F that are not included in 
the PCV10 nor PCV13 (14). According to another 
study from Bulgaria, in Plovdiv region, serotypes 
3 and 19A causing meningitis in the period 2013-
2017 were confirmed as most abundant (15). 
The major difference between the two PCVs 
used was the additional inclusion of serotypes 3, 
6A and 19A. There were not any cross-reactive 
serotypes in PCV10 against serotype 3, but 
serotype 6A was assessed to have cross-reactive 
immunogenicity with serotype 6B and no effect 
with 6C. Serotype 19A was estimated to have 
cross-reactivity with 19F and was supposed to 
be covered by both the ten and thirteen – valent 
conjugate vaccines (11).  
Most notably PCV7 had effects on AOM in 
vaccinated children.  However, these effects 
were limited to primary infections of the middle 
ear, not the chronically accruing otitis media 
high risk group children (4). The vaccination 
with PCV protects against acquisition of VT in 
children but does not contribute to clearance 
of carriage. (1, 6). Random control trials report 
about 50% decrease in VT carriage and increase 
of NVT colonization and serotype replacement 
is observed in all countries implementing the 
vaccines (1, 11).
In conclusion, many factors are being responsible 
for the effects of PCVs on disease burden 

and related pneumococcal serotype carriage. 
Serotypes causing IPD changed throughout the 
years after PCV implementation and NVT are 
now responsible for invasive disease. However, 
the revue data showed severe reduction of 
VT carriage and VT pneumococcal diseases 
worldwide and definitely confirmed the positive 
outcomes of the IPD implementation (11, 14, 15).
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AETIOLOGICAL 
STRUCTURE OF ACUTE 
RESPIRATORY TRACT 
INFECTIONS AMONG 
CHILDREN YOUNGER 
THAN 5 YEARS IN 
BULGARIA

I. Trifonova, S. Angelova, N. Korsun

National Centre of Infectious and Parasitic Diseases 
(NCIPD), Sofia, Bulgaria

ABSTRACT
Acute respiratory tract infections (ARI) are a leading 
cause of morbidity and hospital admissions among 
infants and young children. This study aims to 
determine the viral aetiology of ARI and the clinical 
significance of the most common respiratory 
viruses in children aged <5 years in Bulgaria. 
During the period October 2017-March 2019, 
nasopharyngeal specimens were collected from 
children younger than 5 years in different country 
regions. Real-time PCR analysis was performed 
for detection of influenza viruses A/B, respiratory-
syncytial virus (RSV), human metapneumovirus 
(HMPV), parainfluenza viruses (PIV) types 1, 2 
and 3, rhinoviruses (RV), adenoviruses (AdV) 
and bocaviruses (BoV).
Of the 953 children examined, 663 (69.6%) were 
positive for at least one virus. The number of 
detected A(H1N1)pdm09, A(H3N2), B/Yamagata, 
B/Victoria, RSV, HMPV, PIV-1, PIV-2, PIV-3, 
RV, AdV and HBoV viruses was as follows: 150 
(15.7%), 51 (5.6%), 50 (5.2%), 1 (0.1%), 193 
(20.3%), 38 (4%), 15 (1.6%), 5 (0.5%), 17 (1.8%), 
101 (10.6%), 60 (6.3%), 77 (8.1%), respectively. 
Co-infections with two and three viruses were found 
in 95 (14.3%) of the infected children. AdV, RV, 
BoV and PIV-3 were the most common pathogens 
in co-infections. Respiratory viruses were detected 

in 80%, 79.3%, 61.2% and 53.1% of children with 
laryngotracheitis, bronchiolitis, pneumonia and 
central nervous system (CNS) complications.
The results show that RSV, influenza viruses, 
RV and BoV were the most frequently detected 
viruses in children <5 years with ARI during the 
study period. These viruses were also leading 
causative agents of serious illnesses of the 
respiratory tract and CNS. 
KEYWORDS: 
viral infection, respiratory virus, bronchiolitis, 
pneumonia

INTRODUCTION
Acute respiratory infections (ARI) are associated 
with a large number of doctor visits, hospital 
admissions, significant mortality, serious health 
and social consequences. With respect to the 
anatomical localisation, ARIs are classified as 
upper and lower respiratory tract infections. Upper 
respiratory tract involvement usually occurs as a 
mild or moderate illness. The high incidence of these 
infections is associated with prolonged circulation 
of pathogens in the community. Lower respiratory 
tract involvement leads to severe complications as 
bronchitis, bronchiolitis, pneumonia, often requiring 
hospitalisation. In 2010, 11.9 million episodes of 
severe and 3 million episodes of very severe ARI 
have led to the admission of infants and young 
children to hospital worldwide (1). Bronchiolitis 
occurs in children <2 years of age and most often 
has viral aetiology, whereas pneumonia can be 
caused by bacteria, viruses or other pathogens. 
Pneumonia is the leading infectious cause of 
mortality in children <5 years of age (2). 
A large spectrum of viruses is associated with ARI 
and the major causative pathogens are influenza 
viruses, respiratory syncytial virus (RSV), human 
metapneumovirus (HMPV), parainfluenza viruses 
(PIV) 1/2/3, rhinoviruses (RV), adenoviruses 
(AdV) and bocaviruses (BoV). 
This study aims to determine the role of influenza 
viruses and 8 other respiratory viruses in the 
development of ARI in children younger than 5 
years of age during two consecutive seasons in 
Bulgaria.

MATERIAL AND METHODS
A total of 953 children aged <5 years, ambulatory-
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treated or hospitalised for influenza-like illness 
(ILI) or acute respiratory illness (ARI) in different 
regions of the country were examined in the 
study. Of them, 444 (46%) had complications 
– laryngotracheitis, bronchiolitis, pneumonia 
or central nervous system (CNS) infections 
(febrile seizures, brain oedema, meningitis, 
encephalopathy, encephalitis). 
Viral nucleic acids were automatically 
extracted from respiratory specimens using 
a commercial ExiPrep Dx Viral DNA/RNA Kit 
(Bioneer) according to the manufacturer's 
instructions. Laboratory testing was conducted 
at the National Laboratory “Influenza and Acute 
Respiratory Diseases” recognised by WHO 
as a National Influenza Centre. Detection 
and typing/subtyping of influenza viruses 
was carried out by real-time RT-PCR method 
with SuperScript III Platinum® One-Step 
Quantitative RT-PCR System (Invitrogen). 
All samples were initially tested for influenza 
A and B viruses using primers and probes 
donated by CDC Atlanta and those positive for 
influenza A and B were subsequently tested 
for A(H1N1)pdm09 and A(H3N2), B/Yamagata 
and B/Victoria, respectively. All samples were 
also examined by singleplex real-time RT-PCR 
assays for RSV, HMPV, PIV 1/2/3, RV, AdV and 
BoV using specific primers/probes and AgPath-

ID One Step RT-PCR Kit (Applied Biosystems). 
Primers and probes were identical to those 
previously described (3). 

RESULTS
Respiratory virus detection
The present study included two consecutive 
epidemic seasons in Bulgaria – 2017/2018 and 
2018/2019. The study population consisted of 
953 children aged < 5 years presenting with ILI 
or ARI: 459 in the first and 451 in the second 
season, respectively and 43 outside the season 
in 2018. Most of the patients – 831 (87.2%) were 
hospitalised and 122 (12.6%) were outpatients. 
Age of the patients varied from 30 days to 60 
months (average 21.53 ± 12.54 months). Males 
were 59% and females – 41%. Virus infections 
were laboratory-confirmed in 663 (69.6%) 
samples. Influenza viruses were found in 252 
(26.4%) of the tested children. Influenza B/
Yamagata virus was predominant during the 
2017/2018 winter season, while A(H1N1)pdm09 
prevailed during the next winter season. In the 
first season, the proportion of each influenza 
virus among influenza-positive samples was 
as follows: B/Yamagata – 57.5%, B/Victoria – 
1.1%, A(H1N1)pdm09 – 35.6% and A(H3N2) – 
5.7%; in the second season:  A(H1N1)pdm09  
– 72.1% and A(H3N2) – 27.9%.  

Table 1. Distribution of respiratory viruses in outpatients and hospitalised patients.

Number of detected respiratory viruses

A(H1N1)
pdm09 A(H3N2) B/

Yamagata B/ Victoria RSV HMPV PIV-1 PIV-2 PIV-3 RV AdV BoV

2017-2018 31 5 50 1 91 27 15 2 11 72 35 48

2018-2019 119 46 - - 101 9 - 2 4 16 20 26

Summer 2018 - - - - 1 2 - 1 2 13 5 3

Outpatients 16 11 13 1 9 8 3 1 1 11 4 7

Inpatients 134 40 37 - 184 30 12 4 16 90 56 70

Among the non-influenza viruses, RSV was the most frequently detected respiratory virus found in 193 (20.3%) of the 
tested samples, followed by RV – 101 (10.6%), BoV – 77 (8.1%) and AdVs – 60 (6.3%). The number of detected HMPV 
and PIV type 1, 2 and 3 was as follows: 38 (4%), 15 (1.6%), 5 (0.5%) and 17 (1.8%), respectively (Fig. 1). 
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Figure 1. Distribution of respiratory viruses detected in Bulgaria during the 2017/2018 and 2018/2019 
seasons and in the summer of 2018.

Single infections were detected in 568 (59.6%) 
patients; 88 (9.2%) children were co-infected with 
two and 7 (0.7%) children – with three viruses. 
Among the children with mono-infections, the 
most commonly determined pathogen was RSV, 
followed by influenza A(H1N1)pdm09. AdV, RV, 

BoV and PIV-3 were the most frequently detected 
pathogens in co-infections – the proportion of 
mixed infections was 61.7%, 52.5%, 41.6% and 
41.2%, respectively (Fig. 2). The most common 
combinations in mixed infections were RSV+RV, 
RV+BoV, RV+AdV and RSV+AdV (Table 2). 

Table 2. Number of respiratory viruses, detected as a single pathogen or co-pathogen.

Viruses
A(H1N1)
pdm09

A(H3N2)
Inf

typeB
RSV hMPV PIV1 PIV2 PIV3 RV AdV BoV

A(H1N1)pdm09 134 - - 4 - - - 2 1 5 3

A(H3N2) 44 - 4 - - 1 - - - 1

Inf type B 46 2 - - - - 1 1 -

RSV 147 - - - 2 15 10 3

hMPV 35 - - - 2 - 1

PIV1 11 - - 2 - 2

PIV2 3 - 1 - -

PIV3 10 - 1 2

RV 53 11 15

AdV 23 4

BoV 45
Co-pathogen in dual 

infection
15 6 4 40 3 4 2 7 48 32 31

Co-pathogen in triple 
infection

1 1 1 6 - - - - 5 5 1

*Single pathogens are indicated in bold.
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Figure 2. Proportion (%) of respiratory viruses detected in single, dual or triple infections during the 
2017/2018 and 2018/2019 seasons and in the summer of 2018.

Seasonal distribution of viral agents
The greatest number of respiratory viruses was detected in specimens obtained in December 2018, 
February 2017 and May 2018 (Fig. 3). Influenza and RSV infections were more prevalent in winter. 
RV, BoV and HMPV infections occurred predominantly during fall and spring in Bulgaria.

Figure 3. Weekly distribution of respiratory viruses detected during the two consecutive epidemic 
seasons in Bulgaria.
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Clinical characteristics
During early childhood respiratory viruses 
may cause serious complications affecting the 
respiratory tract (laryngotracheitis, bronchiolitis, 
pneumonia) or CNS (febrile seizures, brain 
oedema, meningitis, encephalopathy, 
encephalitis). This study also analysed the 
involvement of influenza viruses, RSV, HMPV, 
PIV1/2/3, RV, AdV and BoV in development of 

the complications mentioned above. A total of 
85, 198, 121 and 32 cases of laryngotracheitis, 
bronchiolitis, pneumonia and CNS complications 
were investigated. At least one virus was 
detected in 80%, 79.3%, 61.2% and 53.1% of 
cases with these syndromes, respectively. Fig. 
4 represents the number and proportion (%) of 
patients infected with respiratory viruses in the 
groups with different clinical diagnosis.

Figure 4. Number and proportion (%) of patients with different clinical diagnosis and detected 
respiratory viruses.

Among patients with laryngotracheitis, RVs were 
the most frequently identified viruses (21.2%), 
followed by RSV (20%) and BoV (20%). Among 
patients with bronchiolitis, RSV, RV and BoV 
were the most common pathogens – 37.9%, 
15.7% and 14.1%, respectively. RSV was the 
most commonly identified virus in patients 
with pneumonia (23.1%) followed by influenza 
A(H1N1)pdm09 (9.9%) and RV (8.3%). In total, 
influenza viruses were responsible for 19% of 
pneumonia cases. Most (34.4%) neurological 
complications were associated with influenza 
infections.

DISCUSSION
Respiratory tract infections are a leading 
cause of morbidity and mortality in children <5 

years around the world. This study aimed to 
describe the circulation of 12 respiratory viruses 
among infants and young children in Bulgaria 
during the 2017/2018 and 2018/2019 seasons. 
The involvement of these pathogens in the 
development of some serious diseases of the 
respiratory tract and CNS was also analysed.
The high level (69.6%) of detection of respiratory 
viruses found in this study is comparable to other 
surveys (4, 5). Mixed infections were identified at 
a lower percentage (14.3%) compared to other 
studies (6, 7). In a systematic review, Goka et 
al. reported incidence of mixed viral infections 
ranging from 5% to 62% (8). A high percentage 
of mixed infections is likely to be observed in 
settings with high population density and a 
large number of children attending childcare 
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facilities. Some authors suggest that there is a 
link between co-infection and disease severity, 
especially co-infections involving RSV (9, 10, 
11). The relationship between clinical severity 
and infection status with single vs. multiple 
respiratory pathogens remains inconclusive.
Influenza epidemics are characterised by 
variations in the types/subtypes of influenza 
viruses involved, their virulence and clinical 
manifestation. In Bulgaria, during the 
2017/2018 winter season, B/Yamagata was the 
predominantly circulating influenza virus, while 
during the next 2018/2019 season A(H1N1)
pdm09 was prevalent. Similar predominance of 
B/Yamagata and A(H1N1)pdm09 viruses was 
observed in most European countries (12).
RSV is the most important pathogen of ARI 
among infants and young children and the major 
causative agent of bronchiolitis and pneumonia 
(13, 14). In our study, RSV was the most 
frequently detected virus in all examined patients 
and a leading cause of bronchiolitis (37.9% of 
cases) and pneumonia (23.1% of cases).
RV infections occur early and periodically in life, 
mainly as a common cold. However, they are also 
associated with severe illnesses in infants and 
young children (15, 16). In this study, RVs were 
the 3rd most frequently identified viruses; they 
were also the most common pathogen in cases 
of laryngotracheitis (21.2% of cases) and one of 
the leading causative agents of bronchiolitis and 
pneumonia. 
According to literature data, HBoVs were found 
as relatively frequent respiratory pathogens 
in children younger than 5 years of age (17, 
18, 19). In this study, BoVs ranked fourth in 
frequency among other respiratory viruses. In 
agreement with other studies, they were involved 
in co-infections at a significant rate – 41.6% (17). 
Spread of BoVs was observed throughout the 
year, reaching peaks in the autumn and spring 
months. 
The proportion of AdV infections found among 
Bulgarian children with ARI was 6.3% which 
was similar to the findings of other researchers 
(20). AdV were characterised by a significant 
incidence of co-infections.
HMPV is a relatively new pathogen with 
prevalence in the paediatric population ranging 

from 5-25% (21). The results of this study 
showed 4% frequency of HMPV infections and 
6.6% incidence in cases of bronchiolitis.
PIV type 1, 2, 3 and 4 show different clinical and 
epidemiological characteristics. PIV types 1 and 
2 are leading causes of laryngotracheobronchitis 
(croup), while PIV-3 is frequently associated 
with bronchiolitis and pneumonia in infants and 
young children (22). PIVs were identified at low 
frequency – 3.9% of the studied children, mainly 
in cases of laryngotracheitis.
A limitation of this study is that human 
coronaviruses, which also cause ARI, were not 
included in the examinations. 
The study highlights the role of 11 respiratory 
viruses in the aetiology of paediatric respiratory 
infections. RSV followed by influenza viruses, 
RVs and BoVs were found to be the most 
common causative agents of ARI in children 
younger than 5 years during two consecutive 
seasons (2017/2018 and 2018/2019) in 
Bulgaria. These pathogens were the main cause 
of complications such as laryngotracheitis, 
bronchiolitis and pneumonia that require hospital 
treatment. Timely and accurate diagnosis of viral 
respiratory infections is important in order to 
reduce the need for unnecessary lab tests and 
antibiotic use and to improve infection prevention 
and control measures.  
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ABSTRACT 
Background: Dried blood spots (DBS) have been 
used to study the prevalence of hepatitis B virus 
(HBV) infection in endemic areas and in high-risk 
groups. However, detection of HBV serological 
markers in DBS by ELISA assays has not yet 
been fully optimised. The aim of the present 
study is to evaluate the dilution level of anti-HBs 
when DBS cards are used as storage matrix 
implemented for ELISA.
Material and methods: Antibodies against 
hepatitis B surface antigen (anti-HBs) were 
detected by ELISA. The following specimens 
were examined: serum samples from 20 patients 
paired with 20 DBS; serum samples from 20 
HBV-vaccinated healthcare workers paired with 
20 dried serum spots (DSS); and four different 
dilutions of Immunovenin. Different elution 
protocols were used in order to study the problem 
with sample dilution.  
Results: Specificity of 100% and sensitivity 
of 45% were established for DBS versus the 
“gold standard”. Dilution of the eluted DBS/DSS 
samples was established and in some cases 
the measured anti-HBs titre dropped under 10 

mIU/ml. Correlation was not observed between 
the positive initial anti-HBs serum titres and the 
obtained values of DBS/DSS testing. Also, 20- to 
50-fold dilutions were measured for eluted DSS 
samples when testing Immunovenin. Increasing 
of the eluted sample concentration raised DSS 
anti-HBs titre. 
Conclusions: In order to resolve the problem 
of dilution, it is necessary to validate different 
elution protocols because the small amount of 
sample in DBS showed lower titres.
KEYWORDS:
DBS, anti-HBs, HBV
 
INTRODUCTION 
Hepatitis B virus (HBV) infection represents 
a major health burden worldwide with 248 
million people chronically infected in 2010 (1). 
In 2014, 22442 newly diagnosed HBV infection 
cases were reported from 30 EU Member 
States (2). In 2017, 249 cases of viral hepatitis 
B were reported from Bulgaria, an incidence 
of 3.51%000, with 10 reported deaths (mortality 
of 0.14%000, lethality of 4.02%). All reported 
cases were laboratory confirmed (3). Up to 
90% of HBV transmissions can be prevented 
with administration of immunoglobulin within 48 
hours after birth or with implementation of HBV 
vaccine series, beginning at birth and completed 
within 12 months (4). In 1992, the World Health 
Organisation recommended all countries 
to include HBV vaccination in the universal 
childhood vaccination program. Since 1991, an 
obligatory vaccination has been implemented for 
all newborns in Bulgaria (5).
Serological markers used in the diagnosis of 
HBV infection are HBsAg, anti-HBs, HBeAg, 
anti-HBe and anti-HBc IgM/IgG (6). Anti-HBs is 
a neutralising antibody and serves as a marker 
for long-term immunity. In vaccinated patients, 
anti-HBs is the only serological marker detected 
in serum. In the case of past HBV infection 
these antibodies appear with anti-HBc IgG. 
Occasionally, the simultaneous appearance 
of HBsAg and anti-HBs has been reported in 
HBsAg-positive patients (7). Anti-HBs becomes 
detectable during convalescence after the 
disappearance of HBsAg in patients who do 
not progress to chronic infection. The presence 
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of anti-HBs following acute infection generally 
indicates recovery and immunity to re-infection 
(8). At the same time rapid anamnestic increase 
of anti-HBs titres in HBV-vaccinated persons is a 
strong evidence of resent HBV infection (9).  
Dried blood samples (DBS) on filter paper 
were originally used for the measurement of 
phenylalanine in newborns for detection of 
phenylketonuria (10). DBS or Dry Plasma Spot 
(DPS) is a recent technology used for collection, 
storing and transportation of blood samples. 
DBS provides a number of advantages over 
whole blood, serum or plasma sample collection. 
Sampling is simple and minimally invasive 
versus whole blood venipuncture. The biggest 
advantage of DBS is shipping and storage 
requirements. Samples are small, there are no 
requirements for cold chain and samples can 
be transported in standard post envelop (11). 
Only eight studies have evaluated the use of 
DBS for diagnosis of hepatitis viruses. Their 
potential was estimated for HCV, HAV and HBV 
serology (12). DBS have been used to study the 
prevalence of HBV infection in endemic areas 
and in high-risk groups. However, detection of 
HBV serological markers in DBS by immune-
linked immunosorbent assays (ELISA) has not 
yet been fully optimised (13), especially anti-
HBs. The aim of the present study is to evaluate 
the dilution level of anti-HBs when DBS is used 
as storage matrix implemented for ELISA.  

MATERIAL AND METHODS    
Patients and specimens: A total of 40 persons 
with two types of clinical material were tested: 
serum samples from 20 patients paired with 
20 DBS (study group I); serum samples from 
20 HBV-vaccinated healthcare workers paired 
with 20 dried serum spot samples (DSS) 
(study group II). The specimens were collected 
according to the requirements of the working 
program from research project Contract № DM 
03/1,12.12.2016 funded by the National Science 
Fund, Bulgaria. The blood was collected by 
venipuncture and after centrifugation at 4000 rpm 
for 10 min the serum was separated, aliquoted 
and frozen at -20°C until analysed. In the case 
of study group I, 150 μl fresh blood were spotted 
on filter paper cards (HiMedia`s InstaDNA TM 

Cards) before centrifugation. For study group II, 
150 μl serum sample was spotted on the cards. 
The filter cards were labelled appropriately, air 
dried at room temperature for 1 hour and stored 
individually in zip-locked bags with desiccant at 
4oC for 1 month. Additionally, undiluted, 2-fold 
and 10-fold diluted Immunovenin intact 5% IgG 
(Bul Bio-NCIPD, Bulgaria) was applied on the 
filter cards and prepared following the same 
protocol. The protocol design and the study were 
performed in the National Reference Laboratory 
(NRL) ”Hepatitis viruses” at the National Centre 
of Infectious and Parasitic Diseases (NCIPD), 
Sofia, Bulgaria.  
Elution of DBS: A 6-mm diameter disc was 
punched from each filter paper. One or two discs 
were incubated at room temperature in 200 μl 
or 500 μl elution buffer (PBS with 0.05% Tween) 
for 1 hour with agitation on a laboratory shaker. 
After that samples were incubated overnight at 
4oC at rest. On the next day the samples were 
tempered and centrifuged at 10 000 rpm for 2 
min according to the method by Mössner BK, 
et al (14). The filter paper discs were removed 
and DBS/DSS eluates were tested with anti-HBs 
ELISA.
Detection of anti-HBs by ELISA: Quantitative 
ELISA assays were performed and interpreted 
according to the manufacturer’s instructions 
(HBsAb ELISA, Dia.Pro, Italy). The amount of 
antibodies was quantitatively defined by means 
of standard curve calibrated against the WHO 
reference preparation. The ELISA assay had 
98.9% diagnostic specificity and 100% diagnostic 
sensitivity. Samples with results of ≥10 mIU/ml 
were considered positive. All samples included 
in the study were retested in duplicate.
Statistical Analysis: All statistical calculations 
were performed using the Analysis ToolPak of 
Microsoft Office Excel 2010. For the statistical 
analysis we used relative percentages (%), 
correlation analysis, graphical and table analysis.

RESULTS
Detection of anti-HBs in serum and in DBS/DSS
Firstly, 40 serum samples were tested for the 
presence of anti-HBs. Half of the samples were 
from patients with different liver disorders and 
unknown anti-HBs status (study group I), and 
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the other 20 samples were from healthcare 
workers vaccinated against HBV (study group 
II). The median age of the patients was 34 ± 14 
years and for the healthcare workers was – 45 
± 13 years. A total of 31 serum samples (78%, 
95% CI: 65.16÷90.84) were anti-HBs-positive, 
with minimal antibody titre of 12 mIU/ml and 
maximal of 254 mIU/ml. Of these 31 positive 
samples, 11 were from study group I and 20 
from study group II (Table 1). Next, the paired 
DBS samples of study group I and the DSS 
samples of study group II were tested for anti-

HBs. For both groups elution was carried out 
with a 6-mm disc incubated in 500 μl elution 
buffer. Positive results with anti-HBs titre of 
>10 mIU/ml were found in 10 (25%, 95% CI: 
11.58÷38.42) of all 40 filter card samples (DBS 
and DSS) with 5 anti-HBs-positive results 
in each of the study groups, respectively. 
The established sensitivity for both types of 
matrices was under 50%. The specificity of DBS 
was 100%. It was not possible to establish the 
specificity for DSS as all initially tested serum 
samples were anti-HBs-positive. 

Table 1. Sensitivity and specificity of serological testing by HBsAb ELISA (Dia.Pro) of DBS/DSS 
compared with serum samples.

Serum, n DBS / DSS, n Sensitivity 
[%]

Specificity
[%]

PPV
[%]

NPV
[%]negative positive negative positive

Study 
group I 9 11 15 5 45 100 100 60

Study 
group II 0 20 15 5 33 NA 100 NA

Legend: PPV – positive predictive value; NPV – negative predictive value; NA – not applicable.

DBS/DSS were measured as anti-HBs-positive when the initial serum anti-HBs titre was over 200 
mIU/ml (Table 2). At the same time, negative anti-HBs titres (<10 mIU/ml) were measured for the 
initial serum samples with anti-HBs titres between 225mIU/ml and 12 mIU/ml for DBS and between 
226 mIU/ml and 20 mIU/ml for DSS.  
 
Table 2. DBS/DSS anti-HBs results according to the initial serum titre.

Serum anti-HBs [mIU/ml] DBS (n=20) DSS (n=20)

Positive, n Negative, n Positive, n Negative, n
10 - 50 0 3 0 3

50 - 100 0 1 0 2

100 - 150 0 1 0 5

150 - 200 0 0 0 2

200 - 250 5 1 5 3

Detection of anti-HBs in Immunovenin intact 5% 
IgG and in discs punched from filter cards
The possible dilutions of the samples were 
calculated before DBS/DSS testing. By following 
the designed protocol, 150 μl of the tested 
sample were dropped on HiMedia`s InstaDNA 
TM filter cards. When 6-mm discs were punched 

the sample volume decreased to approximately 
9 μl (8.64μl). It was calculated that when one 
6-mm disc (1 × 6 mm) was eluted in 500 μl elution 
buffer the sample is diluted 58-fold; in the case 
of two discs (2 × 6 mm) the dilution was 29-fold. 
In order to decrease the dilution, the design of 
the working protocol was modified and the discs 
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were eluted in 200 μl buffer with estimated 23- 
and 12-fold dilution, respectively.   
The measured anti-HBs titres of the initial 
Immunovenin intact 5% IgG samples were 1440 
mIU/ml, 880 mIU/ml, 1100 mIU/ml and 720 mIU/
ml, respectively. For filter card samples anti-HBs 
decreased to 56 mIU/ml, 44 mIU/ml, 23 mIU/ml 
and 26 mIU/ml, respectively, when two 6-mm 

discs were eluted; and to 33 mIU/ml, 19 mIU/ml, 9 
mIU/ml and 7 mIU/ml – when one 6-mm disc was 
eluted. As can be seen, anti-HBs titres obtained 
by the DBS collection method were decreased to 
extremely low levels – under10 mIU/ml (Fig. 1). 
Comparison of the results for the initial sample 
and for the two 6-mm discs demonstrated dilution 
ranging from 20- to 50-fold. 

DISCUSSION
In many aspects DBS is a convenient method for 
clinical sample collection (15). Although they can 
be used as sample storage matrix in HAV and 
HCV diagnosis and detection (16), their relevance 
in detection of some HBV markers, such as anti-
HBc and anti-HBs, is limited (14). Although this 

study established 100% specificity for DBS, the 
sensitivity is too low – 45%. The low sensitivity 
for anti-HBs in DBS versus plasma was observed 
even when using automated diagnostic platform 
(17). There are two possible explanations: first, 
the number of tested samples in the present study 
is too small; and second, the different starting 

Figure 1. Measured anti-HBs [mIU/ml] 
titer in initial samples Immunovenin intact 
5%IgG and paired DBS/DSS samples

Legend: 2 × 6mm – two 6 mm punched 
discs were eluted in 200 μl elution buffer; 
1 × 6mm - one 6 mm punched disc was 
eluted in 200 μl elution buffer. Anti-HBs 
titer of four series Immunovenin intact 
5%IgG with different initial concentrations 
and their paired 2 × 6mm and 1 × 6mm 
filter paper discs were tested. 

Figure 2. Correlation between the 
number of eluted discs and anti-HBs 
titre.

Legend: 2 × 6 mm – two 6-mm punched 
discs were eluted in 200 μl elution buffer; 
1 × 6 mm – one 6-mm punched disc was 
eluted in 200 μl elution buffer. 

The positive correlation for anti-HBs antibody titres obtained with two 6-mm discs and one 6-mm disc 
samples is shown in Fig. 2 with a correlation coefficient of 0.97. As can be seen, when the sample 
concentration increased from 9 μl (one 6-mm disc) to 18 μl (two 6-mm discs) the anti-HBs titre almost 
doubled.
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titres of the samples can be the reason for the 
different dilution factor with elution (14). During 
the study it was established that the eluted DBS/
DSS samples were diluted 12- to 23-fold and in 
some cases the measured anti-HBs titre dropped 
under 10 mIU/ml. Mössner, et al observed a 
similar correlation showing decreasing anti-HBs 
titre when adding elution buffer (14). Similar 
dilution was established when the initial sample 
was Immunovenin intact 5% IgG with eliminating 
the influence of hematocrit and other host factors 
on sample absorption and spread across the filter 
paper. As it is already known, hematocrit has an 
impact on different variables when using the DBS 
protocol (18). We established a positive correlation 
when the volume of the eluted sample is increased 
by using two instead of one disc. False negative 
results were eliminated. To resolve the problem of 
dilution, it is necessary to validate different elution 
protocols because the small amount of sample 
in DBS led to lower titres in comparison with the 
“gold standard” for anti-HBs detection. 

CONCLUSIONS 
DBS/DSS can serve as an alternative option in 
anti-HBs screening, epidemiological studies and 
sample storage. The test shows high specificity 
but additional studies are needed to overcome 
the problem with anti-HBs dilution after elution.
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ABSTRACT 
Tuberculosis has a greater impact on morbidity 
and mortality in HIV-1-infected individuals than 
the rest of the opportunistic infections. We report 
a case of 57-year-old HIV-infected patient co-
infected with multidrug- resistant tuberculosis 
(MDR-TB). 
The patient`s leading clinical syndromes were 
fever, diarrhoea and weight loss. The meticulously 
performed laboratory investigations revealed 
severe immune suppression and high HIV viral 
load. Microbiological and parasitological tests 
confirmed the presence of two AIDS-defining 
conditions: disseminated candidiasis and 
cryptosporidiosis. Sputum smear microscopy 
for acid-fast bacilli was negative but sputum 
culture showed positive result for Mycobacterium 
tuberculosis. Drug susceptibility testing 
determined resistance to isoniazid and rifampicin 
(MDR-TB). The diagnosis was confirmed with 
Xpert-MTB/RIF PCR test. Treatment continued 
with second-line anti-TB drugs, together with 

antiretroviral therapy. Culture conversion was 
recorded in the first month. The outcome was 
reported as „cured“ after 16 months` therapy. 
This case shows yet again that the clinical 
manifestation of tuberculosis in HIV-infected 
patients is very atypical. Multidrug-resistant 
tuberculosis requires prolonged treatment and 
represents therapeutic challenge because of the 
possibility of adverse drug reactions.
KEYWORDS:
HIV, tuberculosis (TB), multidrug-resistant TB 
(MDR-TB), atypical presentation, therapeutic 
challenge

INTRODUCTION
One of the major risk factors for developing 
both drug-susceptible and drug-resistant 
tuberculosis (TB) is infection with the human 
immunodeficiency virus (HIV) (1, 2). It has 
been estimated that people living with HIV are 
16-27 times more likely to develop TB than the 
general population (1, 2). Approximately 10 
million people infected with HIV-1 worldwide are 
co-infected with Mycobacterium tuberculosis. 
In 2017, an estimated 920,000 people living 
with HIV worldwide fell ill with TB (1, 2). TB is 
the primary mortality cause in HIV-positive 
individuals, and that same year 390,000 deaths 
from HIV-associated TB were reported (1, 2). 
Recently, co-infection with the two pathogens 
has become more noticeable in Eastern Europe, 
including in Bulgaria (3, 4). There is a growing 
concern that HIV-1 enhances the spread of 
multidrug-resistant tuberculosis (MDR-TB) in 
these regions (3, 4). MDR-TB is 10 times more 
frequent in Eastern Europe than in Africa (4). Not 
only does HIV infection increase TB prevalence 
in general, but it may also be held accountable 
for the rise in the number of MDR-TB cases. 
These conditions require regular examination of 
HIV patients for Mycobacterium tuberculosis and 
monitoring of the patients with latent tuberculosis 
(5). Since drug-resistant TB is frequently linked 
to higher mortality rates in people living with 
HIV, the treatment of patients requires better 
integration of HIV and TB services in settings 
with a wide spread of HIV, and in all settings with 
a high prevalence of the HIV-TB co-infection. 
(6). The management of drug-resistant TB in 
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HIV-positive patients requires early diagnosis of 
the drug-resistant TB and HIV infections, timely 
commencement of relevant second-line anti-TB 
medications and antiretroviral treatment (ART), 
unwavering patient support and strict measures 
for infection control (6).

CASE PRESENTATION
We present a 57-year-old male who was 
diagnosed as HIV-positive in March 2017. The 
patient was hospitalised in the Department of 
Infectious Diseases at the Multiprofile Hospital 
for Active Treatment in the city of Burgas with 
the following complaints and symptoms: watery 
diarrhoea, fever, night sweats and weight loss. 
Laboratory investigations revealed anaemia 
and leucopenia. Microbiological examination 
of faeces found no bacterial agent. The patient 
was tested for HIV and the result was positive. 
He was transferred to the Department of 

AIDS at the Specialised Hospital for Active 
Treatment of Infectious and Parasitic Diseases 
in Sofia. Meticulously performed laboratory 
tests revealed severe immune suppression 
(CD4 count of 16 cells/µl; CD8 count of 90 
cells/µl; CD4/CD8 ratio of 0.18) and a high HIV 
viral load of 237,986 copies/µl. Confirmation of 
HIV diagnosis and quantitative PCR for viral 
load were performed in the National Reference 
Laboratory of HIV at the National Centre of 
Infectious and Parasitic Diseases (NCIPD), 
Sofia. The immune status study was performed 
in the National Reference Laboratory of 
Immunology at the NCIPD. Microbiological and 
parasitological examination of stool samples 
found Candida albicans and Cryptosporidium 
spp. Sputum smear microscopy for acid-fast 
bacilli was negative. Chest X-ray showed 
evidence of interstitial infiltrates in the right 
lung (Fig. 1). 

The patient was treated effectively for 
cryptosporidiosis (with azithromycin) and 
candidiasis (with fluconazole) together with 
initiation of combined antiretroviral therapy 
(emtricitabine/tenofovir disoproxil fumarate 445 
mg + darunavir/ritonavir 900 mg). However, 
sputum culture on liquid media (MGIT, 
Mycobacterial Growth Indicator Tube) showed 
positive result for Mycobacterium tuberculosis 
after 4 weeks` cultivation. 
Standard anti-tuberculosis therapy comprising 
rifampicin, isoniazid, pyrazinamide and 
ethambutol was assigned to the patient in 
the beginning of July 2017, but 2 weeks later 

phenotypic drug susceptibility testing (DST) 
by BACTEC MGIT 960 revealed MDR-TB with 
resistance to both rifampicin and isoniazid, 
combined with resistance to streptomycin and 
sensitivity to ethambutol. DST to second-line 
anti-TB drugs found sensitivity to amikacin (Am), 
kanamycin (Km), capreomycin (Cm), ofloxacin 
(Ofx), moxifloxacin (Mfx) and linezolid (Lzd). 
All DSTs were conducted in the National TB 
Reference Laboratory (NRL-TB) at the NCIPD. 
The diagnosis was confirmed by Xpert MTB/RIF 
(MTB detected, RIF resistance detected).
After receiving the results confirming the presence 
of MDR-TB, the patient was immediately referred 

Figure 1. Chest X-ray of the patient 
on the day of hospitalisation in the 
Department of AIDS.



23

A CASE OF AN HIV-POSITIVE PATIENT CO-INFECTED WITH MULTIDRUG-RESISTANT TUBERCULOSIS

for hospitalisation in the Hospital for Pulmonary 
Diseases – Gabrovo, where all confirmed MDR-
TB patients are treated and MDR-TB consilium 
is commenced as inpatient treatment during the 
intensive phase. 
On 14 July 2017 together with ART was started 
treatment regimen containing second-line 
anti-TB drugs, including kanamycin (Km) 750 
mg, levofloxacin (Lfx) 500 mg, prothionamide 
(Pto) 500 mg, pyrazinamide (Z) 1500 mg and 
ethambutol (E) 750 mg, based on body weight 
(65 kg at the beginning of treatment) and DST 
results. The baseline audiometry was normal. 
Elevated levels of total and conjugated bilirubin, 
AST and ALT in the blood were registered 24 
days after the initiation of treatment, which 
caused a temporary exclusion of Z, Lfx and 
Pto, and inclusion of cycloserine (Cs) 500 mg 
and hepatoprotective therapy. Administration 
of Lfx was resumed after 10 days with a daily 
dose increased to 750 mg due to weight gain. 
On 11 October 2017 bedaquiline (Sirturo) was 
added in the following dosages: 400 mg daily 
dose for 14 days and 200 mg 3 times a week 
for 22 weeks.
After initial presentation of hepatotoxicity, there 
were no other adverse drug reactions. The drugs 
were well-tolerated and the patient exhibited 
good adherence throughout the duration of 
treatment. All doses received at the hospital 
were administered under direct observation 
of therapy (DOT). Clinical assessment was 
performed daily; sputum smear microscopy 
and culture, measuring the level of blood cells, 
total and conjugated bilirubin, AST and ALT, 
creatinine, sodium, potassium, uric acid, and 
weight was conducted on a monthly basis at 
the hospital in Gabrovo to monitor the response 
to the treatment during the intensive phase. 
Sputum smear microscopy was negative during 
the whole treatment course, culture conversion 
was recorded in the first month and continued to 
be negative until the end of treatment. 
Kanamycin was excluded from the drug regimen 
on 8 December 2017, 148 days (5 months) after 
beginning of treatment, with weight gain from 65 
to 78 kg.
The patient was discharged from the hospital 
and referred to continue the treatment 

in ambulatory settings under monitoring 
conducted by the regional Hospital for 
Pulmonary Diseases – Burgas. Drug regimen 
included levofloxacin 750 mg, prothionamide 
750 mg, cycloserine 500 mg and ethambutol 
750 mg daily doses. During the continuation 
phase, DOT was organised by the Regional TB 
manager and patronage nurses in the hospital 
in Burgas. In order to encourage adherence 
to the treatment, food vouchers were handed 
to the patient throughout the whole therapy 
course. Drug dosages were modified according 
to body weight. All drugs for the treatment of 
MDR-TB and for the management of adverse 
effects were free of charge. During the 
ambulatory phase sputum monitoring by smear 
microscopy and culture was done monthly in 
the Microbiological laboratory at the Hospital 
for Pulmonary Diseases – Burgas. 
Treatment outcome was reported as “cured” 
on 14 November 2018, 16 months after the 
start of MDR-TB therapeutic regimen, with 
14 consecutive negative culture results and 
remarkable clinical progress with improved 
weight gain, adequate blood levels of total and 
conjugated bilirubin, AST and ALT. In the case 
with this patient was achieved optimal viral 
suppression (undetectable HIV viral load, < 40 
copies/µl) and good immunological response 
(CD4 T cells of 200/µl, CD8 of 652/µl, and CD4/
CD8 ratio of 0.30). 

DISCUSSION 
The diagnosis of tuberculosis in HIV-infected 
patients with advanced immune deficiency 
is difficult. In most cases, X-ray findings are 
not specific and sputum smear microscopy is 
negative. The leading complaints in our patient 
were diarrhoea, weight loss and night sweats. 
The confirmation of two pathogens (Candida 
and Cryptosporidium) which can explain the 
symptoms initially put these agents at the 
forefront of differential diagnosis. Despite 
the fact that we did not consider tuberculosis 
as a possible co-infection, we are providing 
routine TB testing for all HIV-positive patients. 
Culture is the golden diagnostic standard but 
requires a long time to obtain the results – 
from 4 to 6 weeks. That was the reason for 
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the delay in diagnosis of tuberculosis in our 
case. Xpert MTB/RIF is rapid molecular test, 
which is important especially in cases with 
drug-resistant TB. Treatment of MDR-TB is 
prolonged and quite expensive, but timely 
diagnosis is essential for the patient`s survival 
and the evolution of the HIV infection.  
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ABSTRACT
Leptospirosis is a zooanthroponosis with natural 
foci. People become infected with leptospires 
either directly from host animals or by means of 
certain elements of the external environment. 
Circulation of leptospires in nature is maintained 
by reservoirs and supporting hosts. For the 
first time in Bulgaria we applied nested PCR 
in examining organs of murine rodents for the 
presence of Leptospira spp. DNA. A total of 109 
rodents were investigated after being collected 
from 4 districts in Southern Bulgaria: Plovdiv, 
Pazardzhik, Smolyan and Blagoevgrad. The 
genome of Leptospira spp. was found in 5 
species of rodents. Results show that Microtus 
spp. is a potential carrier of leptospires, especially 
in urban areas. The high rate of leptospiral 
DNA-positive rodents captured in the region of 
Pazardzhik confirms the activity of the epizootic 
process in this natural focus, where epidemics 
of benign leptospirosis have been recorded in 
the past. The introduced method would help to 
clarify the epidemiological links more quickly in 
case of a leptospirosis outbreak in some regions. 
Stronger measures are needed to combat rats, 
murine rodents and their entry in warehouses, 

slaughterhouses and mass caterers, in order 
to maintain the cleanliness of open-air ponds, 
water sources and prevent contamination of food 
products. Future studies in this area would enrich 
the knowledge on the circulation of leptospires in 
their reservoirs in more areas of our country. 
KEYWORDS: 
Leptospira spp., rodents, nested PCR

INTRODUCTION
Leptospirosis is one of the most widespread 
bacterial zoonoses in the world. It is caused 
by over 200 different serovars belonging to 
several serogroups of the genus Leptospira 
(1). Clinical presentation ranges from mild, 
flu-like illness to severe symptomatology, 
including Weil’s syndrome with multiple organ 
failure and often fatal pulmonary haemorrhagic 
syndrome (13). Contact with stray animals, 
rodents, poor sanitation, heavy rainfall and 
flooding are the main risk factors in developing 
countries, whereas recreational activities, such 
as freshwater swimming, fishing or sporting 
events are associated with clinical leptospirosis 
in developed countries (7, 12). Rodents are 
the main animal reservoir in urban settings, 
with Rattus norvegicus primarily involved in 
pathogenic Leptospira interrogans serovar 
Copenhageni transmission (4, 5). Leptospirosis 
is reported with high prevalence in the rodent 
population of major cities in developed countries, 
such as Baltimore in the USA (18), Tokyo in 
Japan (5) and Copenhagen in Denmark (6).
Human leptospirosis is not a common infection 
in countries with moderate climate, where 
Bulgaria also falls, and is therefore often difficult 
to recognise and treat. A study on pathogenic 
Leptospira in the main reservoirs (rats and mice) 
would contribute to the faster eradication of the 
causative agents in their natural outbreaks. In 
the past, large-scale bacteriological studies 
have been carried out in Bulgaria with over 1500 
animals, mainly rice mice (Micromys minutus), 
water rats (Arvicola terrestris), common forest 
mice (Apodemus sylvaticus), yellow-necked 
mice (Apodemus flavicollis) and hedgehogs 
(Erinaceus europaeus) (9).
However, for the last two decades no study has 
been conducted on detection of leptospires in 
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rodents. Furthermore, it would be valuable to 
introduce for the first time a genetic method for 
detection of leptospiral DNA in rodents. 
The purpose of this study is to identify the 
presence of Leptospira spp. DNA in rodent 
organs for the first time in Bulgaria by using 
nested PCR.

MATERIAL AND METHODS
One hundred and nine rodents were tested by 
a nested PCR method. The specimens were 
collected from districts in southern Bulgaria for the 
period December 2012-December 2014. Species 
of the captured rodents were determined by 
using the identifier of Ts. Peshev (14). Following 
dissection of the animals, the spleen was taken 
and examined for the presence of leptospiral 

DNA. Nine of the rodents were newborn and the 
remaining 100 were adult specimens. Species 
distribution of rodents and the areas where they 
were captured are shown in Table 1.
Before examination organs of the rodents were 
homogenised with Microtube Homogeniser “Bead 
Bug” with a power of 40 W for 1 minute. Leptospira 
spp. DNA was extracted and purified by DNeasy 
Blood & Tissue kit (QIAGEN GmbH, Germany). 
The obtained DNA products were subjected 
to amplification. Four oligonucleotide primers 
(BIONEER, Korea) were used with sequences 
presented in Table 2 (11). DNA extracted from L. 
interrogans serovars Copenhageni, Pomona and 
Canicola (18-day cultures) were used as a positive 
control. The amplified products were analysed by 
electrophoresis on 1.5% agarose gel.

Table 1. Distribution of rodents tested by nested PCR by species and district in which they were 
captured.

District
Pazardjik Smolyan Plovdiv Blagoevgrad Total

% of the 
total

Species of rodent

Apodemus spp. 39 13 1 53 (48.6)

Microtus arvalis 20 20 (18.4)

Microtus spp. 3 2 5 (4.6)

Myodes glareolus 15 3 1 19 (17.4)

Mus musculus 5 5 (4.6)

Mus macedonicus 4 4 (3.7)

Crocidura 
suaveolens 1 1 (0.9)

Sorex minutus 1 1 (0.9)

Micromys minutes 1 1 (0.9)

Total 84 17 7 1 109
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RESULTS
In the wild, besides rats, the main reservoirs 
of Leptospira are the small murine rodents. 
The relationship between certain species of 
rodents with a specific serogroup of leptospires 
is known. In the past, extensive studies have 
been carried out in Bulgaria on the distribution 
of leptospires and their reservoirs (9). However, 
for the last 30 years there is no current data on 
the spread of leptospirеs and their reservoirs in 

our country. 
In our study Leptospira spp. DNA was detected 
in 28.44% (31/109) of the rodents by nested 
PCR. The genome of Leptospira spp. was found 
in 5 species of rodents: Apodemus spp., Myodes 
glareolus, Microtus arvalis, Microtus spp. – 
belonging to the order Rodentia, and Sorex 
minutes – belonging to the order Soricomorpha. 
They originated from 3 of the surveyed areas: 
Pazardzhik, Smolyan and Plovdiv (Table 3).   

Table 2. Primers used in the enzymatic amplification of the test samples from rodents.

Primers Nucleotide sequence  5’ to 3’ Product  in  bp

Lepto A 5’-GGCGGCGCGTCTTAAACATG-3’
331 bp

Lepto B 5’-TTCCCCCCATTGAGCAAGATT-3’

Lepto C 5’-CAAGTCAAGCGGAGTAGCAA-3’
289 bp

Lepto D 5’-CTTAACCTGCTGCCTCCCGTA-3’

Table 3. Distribution of rodents with Leptospira spp. DNA.
District Total number of 

captured rodents
Rodents, carriers of 
Leptospira spp. (%)

Infected rodents 
from the total (%)

Pazardzhik 84 25/84  (29.8) 25/109 (22.94)

Smolyan 17 5/17  (29.4) 5/109 (4.59)

Plovdiv 7 1/7  (14.3) 1/109 (0.09)

Blagoevgrad 1 0 0

Total 109 31/109 31/109 (28.44)

Species distribution of rodents with Leptospira spp. DNA is presented in Fig. 1. The highest percentage of infected rodents 
was found for Myodes glareolus – 42%, followed by Apodemus spp. – 33% and Microtus arvalis – 30%. In Pazardzhik was 
captured 1 Sorex minutus which gave a positive result.

Figure 1. Species 
distribution of rodents with 
Leptospira spp. DNA.
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The lowest percentage of infected rodents was 
found for Microtus spp. – 20%. The percentage 
of infected rodents by species in the region of 
Pazardjik is presented in Fig. 2. The highest 

percentage was found for Apodemus spp. – 13% 
(11/84), followed by Myodes glareolus  – 8% 
(7/84) and Microtus arvalis – 7% (6/84).   

Figure 2. Percentage of 
infected rodents by species 
in the region of Pazardzhik.

The percentage of adult specimens infected 
with leptospiral DNA was 30% (30/100), and 
of newborns – 11.11% (1/9). The percentage 
of infected male rodents was 29.79% (14/47), 
exceeding that of females – 27.42% (17/62).  

DISCUSSION
In Bulgaria large-scale studies on natural 
reservoirs of leptospirosis have been conducted 
in the past (1958-1980) (9, 10). A relatively high 
proportion of animals positive for leptospirosis 
was established in Southwestern Bulgaria. 
This indicates the presence of active natural 
outbreaks. In the present study, rodents carrying 
Leptospira spp. DNA were found in 3 areas. 
The highest percentage of infected rodents was 
found for the region of Pazardzhik – 22.94%. 
Leptospira spp. genome was not detected in 
the species Mus musculus and Microtus spp. In 
Smolyan region 29.41% (5/17) were infected but 
the number of captured rodents was quite small 
(only 17). Leptospira spp. DNA was present 
in the species Apodemus spp. and Myodes 
glareolus. In Plovdiv region 1 of the captured 
Microtus spp. was infected, whereas Mus 
macedonicus specimens were not infected. In 
Pazardzhik region the only captured specimen 
of Sorex minutus was infected. The proportion of 
captured rodents from this species is significantly 
low – 0.9%, and therefore, it is not statistically 
significant (Table 1).   

The representatives of genus Apodemus are 
found in wetlands in many regions of the country 
but with low settlement density. Wild murine 
rodents of the species Apodemus agrarius are a 
reservoir of serogroup Pomona serovar Mozdok 
(8). In the past, the highest infection rate was 
found in Petrich (30.1%) and Srebarna Nature 
Reserve (18.6%). Because of the low settlement 
density, Apodemus species are not capable of 
sustaining leptospires from this serogroup for 
long time. Therefore, the infection rate of this 
species found in our study is comparatively lower 
– 33% (Fig. 1). The infection rate of Myodes 
glareolus is higher –42.10%, probably due to 
the more extensive distribution of this species, 
especially in wet woodlands. Similar studies 
have been conducted in a number of European 
countries. In Croatia was found a high infection 
rate of rodents from the species Apodemus 
spp. and Myodes glareolus with Leptospira – 
21.5% (16). In Palermo (Italy), the percentage 
of infected rodents captured near green areas 
and a small river reached 40%. This was due 
to the climate change in Sicily from dry and 
hot to subtropical, with hot wet summer and a 
sudden storm favouring the spread of pathogenic 
leptospires (19).   
In our country there are 2 species belonging to 
the family Soricidae: Crocidura leucodon and 
Crocidura suaveolens. In previous studies, there 
were positive serological findings of leptospirosis 
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in 1 out of 267 specimens of Crocidura suaveolens 
(serogroup Icterohaemorrhagiae) (9). No infected 
rodents of this species were found in the present 
study. The overall percentage of infected rodents 
in our study is close to that observed in France 
– 34.7% (2), in Poland the rates were between 
2 and 40% (17), while in Germany – 21% (15). 
The high rate of infected rodents demonstrated 
by this study indicates a risk of high level of soil 
contamination with urine from these animals. 
The close interaction between humans, animals, 
water and soil also determines the possibility 
of outdoor animal infestation. Considering the 
significantly high percentage of infected Microtus 
spp. rodents – 50% (Fig.1), although only a small 
number of specimens were captured, it can be 
concluded that this species is a potential carrier of 
Leptospira, especially in urban areas. Secondary 
habitats of Microtus spp. are farmland and 
shallow-sloping terrains, and therefore it should 
be taken into account their movement from dense 
forests and meadows to urban grasslands and 
the potential contamination affecting primarily 
activities such as gardening.

CONCLUSIONS
The role of small rodents in the epidemiology of 
leptospirosis is elusive and leaves some aspects 
unclear. The relationship between reservoirs, 
people and animals in the epidemiological 
chain of this infection should be studied further, 
especially at the molecular biology level. In the 
future, it would be worthwhile to carry out a more 
detailed study on detection of Leptospira in a 
larger number of rodents from more areas of the 
country.
The control of the disease in Bulgaria is limited 
because our knowledge of the main aspects of 
epidemiology, including the mode of transmission 
of Leptospira among rat populations, remains 
incomplete. In our country, after heavy rainfall 
and floods, there was an increase in the number 
of cases of leptospirosis in certain regions, 
which is probably related to an increase in 
the population of rodents (3). The results we 
obtained confirm the circulation of Leptospira in 
the reservoirs. The combination of heavy rainfall 
and the accumulation of waste in deserted 
buildings and riverbeds are a prerequisite for the 

populations of rats and murine rodents to grow in 
urban areas as well. Further research is needed 
to provide new perspectives for epidemiological 
surveillance.
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ABSTRACT
Last generation IFN gamma – based as-
says (IGRAs) evaluate bulk CD4 and CD8 T 
cell responses, and do not discriminate be-
tween latent and active Micobacterium tuber-
culosis (MTB) infection.  The identification of 
biomarkers predicting the clinical course and 
specific therapy effect in latent MTB infection 
(LTBI) is a major contemporary challenge.
Using multicolor flow cytometry, we compared 
the levels of circulating CD8 and CD4 effector 
subsets, in relation to the levels of phenotypi-
cally defined regulatory subsets, in two groups 
of age- and sex-matched MTB-infected individ-
uals: clinically and microbiologically confirmed 
ATB (n=15), and QFT+ stable LTBI (n=15).
As compared to LTBI subjects, ATB patients 

are characterized with decreased proportions 
of  CD4 and CD8 CD45RO+CCR7- effectors 
(14.6%  vs. 24%, and 28% vs. 40%, p <0.05 for 
both),  decreased Th1 (10% vs. 16,5 %) and  
Th1/Th17 (12,5% vs. 21,5%) effector subsets. 
These changes are accompanied by a signifi-
cantly increased share of induced (CD39+) 
FoxP3+CD4Treg (46% vs. 22.6%, p<0.05).  
The difference affected mostly the Th17-spe-
cific (CD39+CCR6+Treg) subset (10.5% vs 
4.8%, p<0.05), which correlated inversely 
with the level of Th1/Th17 effectors (R= -0.5, 
p<0.05).
In conclusion, we describe a clear-cut distinc-
tion between the effector/ regulatory T subset 
balance in ATB and LTBI. The combined eval-
uation of Th17Treg and Th1/Th17 effectors in 
peripheral blood can be employed for MTB-in-
fection monitoring.
KEYWORDS:
LTBI, Th1/Th17, CD39+Treg, Th17Treg

INTRODUCTION
Micobacterium tuberculosis (MTB) infection 
is still a major healthcare concern worldwide.  
About one third of world’s population is esti-
mated to be infected with МТВ, while only 
10% would develop active disease [1]. Latent 
MTB infection (LTBI) represents an enormous 
reservoir of the pathogen, of high concern in 
the ageing populations with increased risk of 
secondary immune deficiencies [2]. The best 
approach to limit the spread of the infection 
is to detect latent infections and prevent their 
activation. The recently developed interferon 
gamma release assays (IGRA) recommended 
for diagnosis of LTBI evaluate the production 
of IFN-γ in response to MTB-specific peptides 
[3]. In spite of a very high specificity and sen-
sitivity, IGRAs do not discriminate between la-
tent and active TB [4]. Yet, there is no consen-
sus that the quantity of MTB-specific IFN-γ is 
related to the activity of pathogen and predicts 
disease progression or therapy effect. This re-
quires additional and handy phenotypic and 
functional biomarkers   discriminating between 
phases of ТВ disease [5]. 
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A lot of evidence indicates the critical role of 
CD8 T cells for MTB control. On this grounds 
the last generation IGRA (QFT-GIT Plus) 
evaluates both CD4 and CD8 MTB-specific 
responses [6-8]. The efficiency of CD8 T cell 
response depends on the balanced differen-
tiation of effector and memory pathogen-spe-
cific cells. This balance is finely regulated by   
induced CD4+ FoxP3+ T cells (iTreg) with 
inhibitory potential [9].  We and others have 
previously shown that in conditions of chronic 
infection, such as HIV, HCV or HBV, the differ-
entiation, subset composition and function of 
FoxP3+Treg is also affected, which contributes 
to the absence of protective immune response 
[10]. Likewise, CD4 T effector and regulatory 
subsets (Th1, Th2, Th17, Treg) are of remark-
able plasticity, depending on antigen burden 
and individual cytokine background [11]. The 
balance between Th effector and regulato-
ry subsets has not been extensively studied 
during the different phases of MTB infection.
In this study, we compared the levels of CD8 
and CD4 effector and memory subsets, in rela-
tion to the levels of circulating regulatory sub-
sets, in two well-defined groups of MTB-infect-
ed individuals: clinically and microbiologically 
confirmed ATB, and QFT+ stable LTBI.

MATERIAL AND METHODS
Samples were collected during the routine di-
agnostic activity of NRLI from 40 men, and 
52 women, average (min-max) age 52 (18-
76) years. Additional samples of 4 ml periph-
eral blood were drawn, PMNC were isolated, 
and frozen after informed consent, approved 
by the local ethics committee. IGRAs were 
performed using QFT-GIT-Plus (Qiagen) and 
T-spot (T.SPOT.TB Oxford Immunotec) tests, 
according to manufacturer’s instructions. ATB 
status was defined based on a combination of 
clinical, microbiological and radiological data; 
LTBI was defined as asymptomatic МТВ in-
fection, detected by immunological test, in the 
absence of clinical, microbiological or radio-
logical data for tuberculosis [3]. Percentage 
and absolute count (АС) of CD4+CD3+ and 

CD8+CD3+Т cells were determined by direct 
flow cytometry platform, using MultiTest and 
TRUCount standard tubes (BD Bioscienc-
es).  Based on the co-expression of CD45RO 
and CCR7, naïve (RO-R7+), central-memory 
(RO-R7-), effector-memory (RO+R7-) and ter-
minally differentiated (RO-R7-) CD4 and CD8 
T were defined.  Co-expression of CD196 
(CXCR6) and CD183 (CXCR3) was used 
to define Th1 (CXCR3+CCR6-), Th2 (CX-
CR3-CCR6-), Th1/Th17 (CXCR3+CCR6+), 
and Th17 (CXCR3-CCR6+) effector subsets. 
Т-regulatory CD4 FoxP3+ cells were defined 
as CD4+ CD25hiCD127lo. Within Treg, the 
share of CD39+Treg and CD39+CD196+Treg 
was determined. All flow cytometry analyses 
were performed with 6 to 8-color combina-
tions and FACSDiva 6.1.2 software (FACS-
Canto II, BD Biosciences). Statistical analy-
sis was performed with parametric T-test or 
Spearman’s rank correlation test for quantita-
tive data  (GraphPad v.6).

RESULTS

1.Bulk MTB-specific interferon-gamma re-
sponses of CD4 and CD8 T cells does not 
differentiate between ATB  and LTBI.
During the period 01.2018 – 04.2019, 92 con-
secutive patients were tested for MTB infection 
with the last generation IGRA QFT-GIT-Plus. 
ATB cases (n=28) and LTBI cases (n=27) were 
defined as stated in M&M section. In 8 (27.5%) 
ATB cases QFT-GIT-Plus results were nega-
tive (TB1–Nil< 0.35 and TB2–Nil < 0.35) and 
2 were indeterminate (6.9%). The average in-
terferon-gamma secretion (IU/ml) in response 
to TB1 and TB2 was as follows: 2.29 and 2.40, 
respectively, in ATB; 3.62 and 3.57 - in LTBI. 
No significant differences were established 
between CD4 and CD8 specific responses 
within each group (paired T-test p>0.05), or 
between the two groups (non-paired T-test 
p>0.05), (Fig.1). Further on, no domination of 
TB1 (8/55) or TB2 (12/55) responses could be 
attributed to either ATB or LTB. Therefore, we 
concluded that analyzing separately bulk CD8 
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and CD4 T cell responses did not contribute to 
the discrimination between ATB and LTBI. 

2. ATB patients are in shortage of CD4 Th1, 
Th1/Th17 and CD8 effector T cells.
In order to compare the proportions of pheno-
typically defined CD4 and CD8 effector and 
memory subsets in ATB and LTBI, we retro-
spectively selected age- and sex-matched 
subgroups. The absence of known secondary 
immune deficiency or autoimmune condition 
was additional criterion. 
A significantly lower proportion of EM CD4 
and CD8 T cells was observed in ATB as com-
pared to LTBI (14.6% vs. 24%, and 28% vs. 
40%, p <0.05 for both comparisons), Fig.2A. 
While the level of Th17 (CD183-CD196+) cells 
seemed unaffected (25 vs. 29 % in LTBI), the 
Th1 (CD183+CD196-) subset was decreased 
(10% vs. 16,5 % in LTBI, p<0.05). A significant-
ly lower Th1/Th2 ratio (0,34 vs. 0,54) reflect-
ed an additional increase of Th2 cells in ATB 
(49,5% vs. 34% in LTBI). Finally, the Th1/Th17 
(CD196+CD183+) subset that was shown to 
contain most of the MTB-specific effectors 
[12], was importantly decreased in ATB, as 
compared to LTBI (12,5% vs. 21,5%, p<0.05), 
Fig.2B. The changes observed in ATB corre-
sponded to a prominent humoral response and 
deficient cellular immunity in the presence of 
the vigorously replicating pathogen.

3. The subsets of CD39+ and CCR6+Treg 
contribute to the exhaustion of T cell effec-
tor functions in ATB 
Since the balance between antigen-specif-
ic effector and memory subset differentia-
tion depends on iTreg, we further evaluated 
their proportions and subset composition in 
the ATB and LTBI subgroups. While the dif-
ference between the levels of FoxP3+ CD4 
in ATB and LTBI did not reach statistical sig-
nificance (6,6% vs. 4,9% and 38 vs. 40 cells/
μl), ATB was characterized with a domination 
of CD39+Treg, corresponding to induced Treg 
with strong inhibitory activity (46% vs. 22.6%, 
p<0.001), Fig. 3A, B. In addition CD196+ 

CD39+ Treg that were proposed to inhibit spe-
cifically Th17 [13] were importantly increased 
in the settings of ATB as compared to LTBI 
(10.5% vs 4.8%), (Fig. 4A,B) These distinct 
Treg proportions corroborated with the skewed 
differentiation of CD4 and CD8 effector cells in 
ATB. We concluded that the increased bacteri-
al load in ATB drives the differentiation of Treg 
subsets that affect the balanced differentiation 
of effector and memory pools, and of Th1 and 
Th17 responses. Indeed, a significant inverse 
correlation was established between the lev-
el of Th1/Th17 effectors, and the Th17-specif-
ic Treg (R=-0.5, p<0.01, Fig. 4C. In a limited 
number of ATB patients (n=5) who had com-
pleted a specific therapy course, the propor-
tion of CD39+Treg significantly decreased in 
successfully treated patients (35% vs. 46%), 
accompanied with consequent increase of 
Th17 effectors (43 vs. 25%). 

DISCUSSION:  
Adequate monitoring and control of LTBI are 
important to prevent ATB and limit the spread 
of infection.  Our results show that the pro-
portions of Th1/Th17 effectors and the lin-
eage-specific CD196+CD39+Treg (Th17Treg) 
subset change reciprocally in relation to bac-
terial burden and may differentiate between 
stages of MTB-infection.
It is well recognized that adaptive immune re-
sponse to MTB relies mostly on T cells. MTB 
antigens are primarily presented to CD4 T 
cells, and elicit a Th1 response dominated by 
IFN-g production. Current immune tests rely 
exclusively on MTB-specific IFN-g detection. 
However, a number of large studies and me-
ta-analyses have suggested that the predictive 
value of IGRAs for progression to TB disease, 
and for benefit from specific therapy remains 
unsatisfactory and not significantly higher than 
that of the TST. [14-17].  
We analyzed results obtained with last gener-
ation IGRA (QFT-GIT), containing additional 
CD8 T cell-stimulating MTB antigens (TB2). In-
deed, CD8 T cells can also release IFN-γ after 
stimulation with MTB antigens, even without 
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Fig.1 Individual data about MTB-specific IFN-g se-
cretion by CD4 T (A) and CD8 T (B) in patients 
with ATB (black symbols) and LTBI (open sym-
bols). Non-significant differences are indicated 
(ns, p>0.05)

Fig.2 Proportions of EM (CD45RO+R7+) CD4 and CD8 T cells (A), Th1, Th2 and Th17 (B) in ATB 
(black) and LTBI. Mean values are presented. Significant differences are indicated (* p<0.05).

Fig.3 Individual data about the proportions of T regulatory subsets in ATB (black symbols) and 
LTBI (open symbols): A. Total FoxP3+CD4 Treg and B. CD39+ FoxP3+CD4 in ATB and LTBI. 
Significant differences are indicated (*** p<0.001). 
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help from CD4+ T-cells, preferentially recog-
nize cells from a host heavily infected with MTB, 
and the magnitude of their response correlates 
well with the bacterial load and smear-positiv-
ity [18 – 21]. Using a different approach (flow 
cytometry ICS) we have previously compared 
CD8 T cell responses elicited against  RD-1 
antigens, and reported differences between 
patients with active TB, LTBI, and recent MTB 
infection [22]. Therefore, it may be expected 
that evaluation of CD8 T response would not 
only increase the sensitivity of the assay, but 

also - its ability to differentiate between phases 
of the latent and active MTB “spectrum”. How-
ever, the reports on QFT-GIT-Plus are rather 
contradictory. Petruccioli et al. found that the 
majority of LTBI subjects simultaneously re-
sponded to both TB1 and TB2 antigens, and 
that an “only to TB2” response was associated 
with active TB [7]. Another study among older 
adults categorized most of those with “only to 
TB2” response as definite LTBI [8]. Although in 
a limited number of patients, our results did not 
establish an association between a predomi-
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nant TB1 or TB2 response and the activity of 
MTB infection. Most probably, specific CD4 
and CD8 T cell subsets  are associated with 
the activity and stage of MTB infection.
In a simplified scheme, antigen-specific T-cell 
response leads to differentiation of both ef-
fector cells, eliminating antigen burden, and 
long-living memory cells, preventing new in-
fections. This process is strictly regulated by 
FoxP3+ T cells with inhibitory potential, in-
duced simultaneously with the effectors. The 
balance memory/effector/regulatory cells is 
crucial for a protective immune response [10]. 
In chronic infections, this balance is skewed, 
either towards accumulation of immature and 
poorly functional effectors, [23, 24] or - in ex-
cessive differentiation and exhaustion of the 
effector potential [25].  
According to our results, ATB was distinguished 
by decreased shares of EM (CD45RA-CCR7-) 
CD4 and CD8 T cells. In addition, ATB was as-
sociated with accumulation of Th2-like effec-
tors at the expense of Th1, and Th17 cells.
We have previously described accumulation of 
CD45RA-CD27+ CD8 T cells in stable LTBI as 
compared to ATB [26]. Our present results are 
not contradictory, since the CD45RA-CD27+ 
subset is contained within the CD45RA/
CCR7-defined EM population. Phenotypically 
defined T cell differentiation stages correlate 
with certain functional capacities. The EM sub-
set contains mostly IFN-g and IL-2 producing 
cells, while TE (CD45RA+CCR7-) cells have 
decreased IFN-g and increased perforin and 
TNF- α secretion potential [27]. In line with our 
results, Sutherland et al. reported a significant-
ly higher proportion of cells single-positive for 
TNF-α, but a lower proportion of cells produc-
ing IL-2 alone in TB cases compared with con-
tacts, for both CD4(+)and CD8(+) T cells [28].  
Th1, Th2, and Th17 are of major importance 
for protection against MTB [29]. The role of 
Th1-type cytokines, including IL-12, IFN-γ, 
IL-2, and TNF-α in MTB-specific response 
is well recognized. Genetic defects leading 
to IL-12/IL-12R deficiency are associated 
with a high susceptibility to MTB infection 

[30]. Multi-functional (IFNγ+ TNFα+ IL-2+) 
MTB-specific CD4+ T cells have been defined 
as a correlate of protective immune response 
[28, 31]. The role of Th17-related cytokines 
is not so evident. They were shown to con-
tribute to immune protection against primary 
MTB infection: suppressing IL-17A production 
increases TB susceptibility, since IL-17A is in-
volved in the formation and stability of gran-
ulomas; IL-17 expression levels were found 
decreased in TB patients by different studies 
[32, 33]. At the same time, Th17 responses in 
TB may also participate in pathology through 
recruitment of neutrophils and promotion of 
inflammatory responses, and some studies 
find significantly higher percentages of Th17 
in active TB patients than in latent TB or con-
trol groups [34, 35].
The Th1/Th17 (CXCR3+CCR6+) population 
producing both IL-17 and IFN-γ was only re-
cently identified. Th1/Th17 cells were shown 
to include more than 80% of the MTB-reactive 
memory CD4 T cell response, and were report-
ed as the main source of IL-17 in MTB infection, 
regulated by IFN-γ [11, 36, 37]. According to 
our results, the most prominent difference re-
garding T cell effector subsets in LTBI and ATB 
subjects was a decreased level of Th1/Th17 
cells. Data about the dynamics of this subset 
during the phases of MTB infection are scarce. 
Unlike us, Jurado et al. reported markedly 
augmented levels of IL-17 in ATB patients and 
concluded that the ratio of antigen-expanded 
CD4+IFN-γ+IL-17+ lymphocytes correlated di-
rectly with disease severity [36]. However, the 
comparison was with BCG-vaccinated healthy 
donors and not with LTBI. These contradictory 
results only underline the critical importance of 
Th1/Th17 cytokine balance in MTB infection, 
provided by Treg and the necessity to evaluate 
effector and regulatory subsets in parallel.  
Our study shows that the changes in effector 
subsets during ATB are accompanied with sig-
nificant increase in particular Treg subsets, and 
these changes are transient after treatment. 
The physiological role of Treg is to fine-tune 
the memory-effector cell balance. In condi-
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tions of high antigen load Treg would pre-
vent the extreme differentiation of effectors 
and eventual loss of important specificities, 
and also prevent collateral damage [22]. A 
number of studies reported elevated levels 
of circulating iTreg in the settings of chronic 
infection, including MTB. Expansion of Treg 
has been observed both at organ-specific 
sites and in blood in active TB. [34, 36, 38] 
Feruglio et al. demonstrated a transient in-
crease in ex-vivo Treg levels during therapy 
[38], while decreasing levels of Tregs have 
been reported in response to TB treatment 
by others [35, 39]. High Treg levels are also 
seen in response to preventive treatment for 
latent TB [40]. However, all these studies 
have compared ATB with healthy controls, 
and not with LTBI patients. We did not find 
a significant difference between the levels of 
the entire FoxP3+ population in LTB and ATB. 
Therefore, we supposed that specific subsets 
as CD39/Treg and CCR6+Treg might be sig-
nificantly associated with infection activity.
CD39 is the dominant immune system ec-
tonucleotidase that hydrolyses extracellu-
lar ATP and ADP, and in concert with CD73 
generates highly suppressive adenosine 
monophosphate at the sites of immune ac-
tivation. In humans, CD39 expression is 
highly variable and restricted to a subset of 
Foxp3+ Treg [41]. Increased CD39+Treg sub-
set has been reported in chronic HIV,HBV 
and HCV infection, as a direct sequence of 
pathogen-induced response. Therefore, it is 
legitimate to consider CD39+Treg as iTreg. 
In the long term, CD39-mediated inhibition 
of T cell proliferation might exert an adverse 
effect on the immediate generation of T-cell 
immune responses, thus contributing to dis-
ease progression. Most available data about 
CD39+Treg in MTB infection are based on in 
vitro stimulation studies. While Feruglio doc-
umented a decline in CD39 expression after 
MTB antigen stimulation [38], Chiacchio et 
al. showed that the fraction of CD39+ Treg 
in active TB increased after in-vitro stimu-
lation and that depletion of CD39 improved 

TB-specific responses [42]. Aggrawal found 
a markedly higher expression for CD39 (in 
terms of MFI) when compared between ATB 
and healthy controls. Higher frequencies of 
CD39+Treg were observed in [TST+, QTF+] 
individuals when compared with [TST-, QTF-] 
control group [40, 43]. In our hands, CD39+T-
cells were markedly increased in ATB as com-
pared to LTBI, and readily decreased upon 
treatment. In line with our results, Kim et al. 
concluded that MTB-reactive CD39+CD4+ T 
cells were more abundant in active TB than 
LTBI [39].  
Recently, a new subset of RORγt+Foxp3+ 
Treg (Tr17) cells was described, generated 
in an antigen-specific manner through Stat3 
signaling. These effector Treg express CCR6, 
and hence can be recruited within the inflam-
matory milieu and regulate Th17-dependent 
immune responses [44, 45]. In fact, only acti-
vated CD39+Tregs co-expressing Th17-asso-
ciated markers CCR6 and IL-23R, phosphor-
ylate Stat3, and not the CD39-negative ones. 
Thus the CD39+CCR6+Treg subset is the first 
lineage-specific Treg subset in human [46]. 
Our results show that Th17-specific Treg are 
the regulatory subset that differs most signifi-
cantly between ATB and LTBI, correlates best 
with the level of Th1/Th17 effectors, and may 
be used to monitor the course of infection. 
The balance Th1/Th17/Treg determines the 
clinical course of MTB infection. This balance 
is based on the possibility of Th1, Th17 and 
Treg cells to transdifferentiate, one into each 
other, including the Th1/Th17 stage, and de-
pends on shared differentiation pathways, the 
characteristics of antigen burden, and cytokine 
background [33]. Overall, Th17 responses fit 
well with the situation of stable LTBI, whereby 
the stability of granulomas is important, while 
the prevalence of Th1 over Th1/Th17 lympho-
cytes, is the basis of protection against repli-
cating MTB. However, overproduction of IL-17, 
accompanied by increase of IL-10-producing 
Treg in LTBI was associated with a high risk 
of reactivation [47]. Similarly, too strong proin-
flammatory Th1 reponse, leading to too strong 
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Treg-mediated inhibition may be detrimental 
for efficient antigen-specific response. 
 In conclusion, we describe a clear-cut distinc-
tion between the effector/regulatory T subset 
balance in ATB, and LTBI, and propose the 
combination of Th17 Treg and Th1/Th17 sub-
set as accessible markers differentiating be-
tween latency and disease.
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ABSTRACT
Toxocariasis is a helminthic zoonosis caused 
by the presence and migration of animal 
nematode larvae in human tissue – mostly 
Toxocara canis and Toxocara cati. The term 
visceral larva migrans syndrome was used 
for the first time in 1952 by Beaver et al. who 
described the typical clinical presentation. 
There are difficulties in the diagnosis of 
toxocariasis because of the variety of 
symptoms depending on the larva localisation 
in different tissues and organs. Currently, the 
most commonly used serological methods 
are ELISA and Western blot. The disease is 
characterised by diverse clinical picture and 
thus toxocariasis is very rarely identified and 
most patients remain undiagnosed, which 
requires in-depth study of this widespread but 
still problematic zoonosis.
KEYWORDS: 
Toxocariasis, diagnosis, VLM, OLM
 
HISTORY OF HUMAN TOXOCARIASIS 
The nematode parasites Toxocara canis and 
Toxocara cati were described for the first time 
by Werner in 1782 who initially named the dog 
parasite Lumbricus canis, and Schrank in 1788 
naming the cat parasite Ascaris cati. In 1947 
Perlingiero and Gyӧrgy reported the first case 
of toxocariasis in 2-year-old boy presenting 

with typical symptoms – liver involvement, 
anaemia and fever (1). Two years later, in 
1949, Zuelzer and Apt investigated 8 similar 
cases and described the syndrome observed 
in young children and characterised by pica, 
pulmonary involvement with fever, enlarged 
liver, eosinophilic granuloma, chronic blood 
eosinophilia, anaemia and hyperglobulinaemia 
(2). The aetiology of the disease was still 
unknown until Mercer et al. discovered in 
1950 the aetiological agent – ascarid larvae 
in liver biopsy samples from a child with 
specific syndrome manifestation (3). Human 
toxocariasis was first described in 1950 by 
Wilder C. when he discovered the nematode 
larvae and their residual hyaline capsules 
and published a report on ocular granuloma 
in patients with endophthalmitis (4). The larva 
was identified later in 1956 by Nichols who 
performed histological examination of Wilder's 
samples and determined it as Toxocara spp. 
(5). Two years later, in 1952, Beaver et al. 
described the clinical manifestation of the 
disease in children characterised by significant 
chronic eosinophilia, hepatomegaly, lung 
infiltrates, fever, cough, hyperglobulinaemia 
and presence of second-stage larvae of T. 
canis in liver biopsy samples (6). The authors 
established the term “visceral larva migrans” 
(VLM) referring to the migration of the larvae 
through tissues of infected persons and the 
clinical symptoms caused by their presence 
in tissues and organs (6). Three decades later 
Taylor et al. defined the third syndrome of 
human toxocariasis – covert toxocariasis with 
non-specific symptoms and signs, associated 
with increased levels of anti-Toxocara 
antibodies and observed in cases which are 
not categorised as ocular larva migrans (OLM) 
or classic VLM syndrome (7).
 
AETIOLOGY
The causative agents of toxocariasis are 
classified in kingdom Animalia, phylum 
Nematoda, class Secernentea, order 
Ascaridida, superfamily Ascaridoidea, family 
Toxocaridae, genus Toxocara, species 
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Toxocara canis (Werner, 1782) and Toxocara 
cati (Schrank, 1788). The family Toxocaridae 
includes 21 species but the most important 
causative agents of human disease are T. canis 
and T. cati. The intestinal parasite in cattle 
and buffaloes – T. vitulorum (Goeze, 1782) is 
believed to infect children in the tropics, and T. 
pteropodis (Baylis, 1936), a fruit bat nematode, 
is considered the causative agent of hepatitis 
outbreak in Australia. Two new species were 
recently identified – T. malayasiensis (8) in 
domestic cats and T. lyncus (9) in wildcats, 
but their zoonotic potential is not yet proven.  
Toxocara canis and T. cati are ascarid 
nematodes whose adult forms inhabit the 
intestinal lumen of dogs, cats and wild 
carnivores. They are large roundworms with 
size of 6-18cm for T. canis female species and 
4-10cm for male species. The size of T. cati 
nematodes is 4-12cm for female and 3-6cm for 
male species (10). The infectious larvae of T. 
canis and T.cati are 400μm long and 15-21μm 
in diameter. These two species are almost 
morphologically identical but the diameter of 
the larva of T. cati is smaller (T. canis – 18-
21μm, T. cati – 15-17μm). The eggs of the 
two species are undistinguishable under light 
microscopy – they are almost spherical, with 
thick, rough shell and black granular content. 
The eggs of T. canis (75x90μm) are sometimes 
larger than those of T. cati (65x75μm) (11).  
 
LIFE CYCLE
Definitive hosts and source of infection are 
dogs, cats, foxes, coyotes etc., spreading the 
parasite's eggs in the external environment. 
The adult parasites live inside the host for about 
4 months and after that they are eliminated 
spontaneously. Female forms produce more 
than 200 000 eggs which can remain vital in 
the soil for a long period of time. The eggs 
are unembryonated and non-infectious when 
they are excreted. Special conditions of the 
environment are required for embryonation. 
In optimal conditions, such as temperature 
between 25-30oC and humidity of 85-95%, 
the larval stage development inside the egg 

takes 9-15 days (12). During the incubation 
period the larvae transform from first-stage 
to second-stage larvae. The duration of the 
development may vary from 3-6 weeks to 
several months and the infectious stage may 
remain viable inside the egg up to 1 year 
(13). The endurance of Toxocara egg coat 
makes it highly resistant to many disinfectants 
and only extremely high temperature, 
dryness and sunlight can kill the parasite.  
The infection of dogs and cats occurs through 
ingestion of eggs, larvae transmission from the 
mother to her offspring or through ingestion of 
a paratenic host. After ingestion of the eggs 
the second-stage larvae hatch in the host's 
intestines, migrate via the liver to the heart 
and lungs and again enter the gut where the 
parasite reaches sexual maturity (tracheal 
migration). Some of the larvae reach the lungs 
and disseminate to different organs and tissues 
through the blood vessels (somatic migration) 
without any further development (hypobiosis). 
Actually, in older dogs and cats the parasite 
does not complete its life cycle and the larvae 
encyst in tissues while migrating throughout 
the body. The life cycle is usually completed 
in females and their offspring and larval 
reactivation occurs only in pregnant or lactating 
cats and dogs. In pregnant dogs larvae could 
be activated under hormonal stimulation and 
transmitted to the foetus transplacentally 
(14), and therefore newborn dogs are often 
infected. Transplacental transmission is not 
observed in cats and the primary infection of 
kittens is through transmammary transmission 
which is less significant in dogs (15).  
In paratenic hosts, larvae encysted in the 
intestine following ingestion, penetrate the 
mucosa and migrate to the organs (lungs, liver, 
eyes, brain) but cannot develop to adult forms 
and encyst in the tissues. These larvae are 
potentially infectious to the host's predators. 
When a cat or dog ingests the infected 
paratenic host, the larvae complete their 
development in the intestinal tract after being 
released from the tissues during the digestive 
process (10). This transmission type is called 
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paratenesis. Rodents, lambs, pigs and birds 
could be Toxocara paratenic hosts. 
Humans can also be paratenic hosts. Infection 
occurs after ingestion of eggs from dirty hands, 
soil, food, water, contact with infected animal 
or ingestion of larvae after consumption of 
uncooked meat from domestic paratenic 
animals. Infection may also ensue after 
consumption of raw or uncooked chicken, 
pork, beef or lamb organs containing larvae 
(16). Different invertebrates such as flies, 
cockroaches (17) and earthworms (18) can 
be mechanical carriers of Toxocara spp. 
Toxocariasis is a zoonosis and there is no 
data on human-to-human direct transmission. 
Galactogenic transmission of T. canis is not 
mentioned in the literature. 

TOXOCARIASIS IN HUMANS
After ingestion of embryonated Toxocara eggs, 
second-stage larvae hatch in the intestines, 
enter the blood and lymphatic systems from 
where they reach different organs. In the tissues 
larvae encapsulate and become surrounded by 
eosinophilic granulomas. They cause persistent 
infections and different pathological and clinical 
disorders. The larvae can remain viable in 
human tissues for one or more years. Inactive 
larvae can be reactivated anytime and start to 
migrate (19). The disease pathology is mainly a 
result of tissue damage caused by inflammatory 
response to the presence of larvae and the 
toxic products they produce. The larvae do 
not grow in tissues but they are metabolically 
active and secrete huge amount of enzymes, 
waste products and cuticle components which 
cause tissue damage, necrosis and significant 
inflammatory reaction. Eosinophilia is the 
main manifestation of this reaction (20) and it 
is considered that eosinophils produce toxic 
proteins contributing to toxocariasis pathology 
and symptomatology (21). Toxocara larvae 
products have high immunogenicity and 
allergenicity which explains the rate of allergic 
symptoms in patients with toxocariasis (22). 
The larvae are found in liver, lungs, heart, 
eyes and brain (23) where they form migratory 

tracks characterised by haemorrhage, necrosis 
and inflammation. The inflammatory response 
in the eye may lead to partial or total retinal 
damage with loss of vision (24).  Pathology is 
related to the death of the larva which triggers 
the development of early or late manifestation 
of hypersensitivity (25).
 
Clinical forms of the disease 
The ingestion of Toxocara larvae by humans 
may not lead to development of disease or 
could cause systemic illness affecting different 
organs. In the literature, systemic toxocariasis 
is observed in 15.5% of all diagnosed cases 
and most of the infections caused by Toxocara 
spp. are asymptomatic (26). The severity 
of the disease depends on the affected 
tissue, the number of migrated larvae, the 
immune response and age of the host (25). 
Due to its variety of symptoms and signs, 
toxocariasis is divided into three main forms 
– visceral, ocular and covert (7). According 
to a newly suggested classification, human 
toxocariasis is classified in one of the following 
forms – classical systemic form, asymptomatic, 
covert and compartmentalised (ocular and 
neurological). The last two forms are deemed 
as separate because the eyes and brain are 
the target organs of larvae migration (27).

Visceral larva migrans (VLM)
Symptoms of classical systemic VLM include 
periods of fever, cough, wheezing, anaemia, 
eosinophilia, hepatomegaly and positive 
serological tests. Eosinophilia up to 30% or 
more is considered significant for the clinical 
diagnosis in children with a history of eating 
soil (28). The clinical picture progresses main(-
ly to leucocytosis (29, 30), eosinophilia (6, 31), 
lung and liver dysfunction, neurological disor-
ders. Lung symptoms caused by larvae inva-
sion are observed at the beginning of the disb-
ease. These symptoms may be preceded by 
eosinophilia and hepatomegaly and could be 
accompanied by fever. Iron-deficiency anaec-
mia is commonly observed. There is also a 
considerable increase in isohemagglutinin 
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titres due to antigenic similarity between 
parasites and human erythrocytes (32). 
Lung involvement is associated with cough, 
dyspnoea, infiltrates and mimics bronchitis or 
pneumonia (33) with eosinophilic pleural effu-
sions (34) and acute (35) or chronic eosino-
philic pneumonia (36). When liver is affected 
the condition usually progresses to granu-
lomatous hepatitis (37). Heart damage is ob-
served rarely with myocarditis (23, 38) or peri-
carditis (39). Larvae can reach the brain where 
they cause neurotoxocariasis. The damage of 
the central nervous system (CNS) manifests 
as meningitis, encephalitis (40), myelitis (41) 
or cerebral vasculitis (42). Patients complain 
of headache, fever, light sensitivity, weakness, 
confusion, fatigue and visual disorders. De-
mentia, depression or behavioural disorders 
are also reported (43). It is considered that 
some types of epilepsy are related to brain le-
sions caused by larvae migration (44, 45, 46). 
Damage of the peripheral nervous system is 
rare presenting as radiculitis (47), cranial nerve 
damage or musculoskeletal dysfunction (48).  
Toxocariasis may be associated with some 
less common manifestations, such as gen-
eralised lymphadenopathy (49) and idio-
pathic urticaria (50). Some authors (51) re-
ported occurrence of asthma in patients 
with toxocariasis and described a cor-
relation between the two diseases (52). 
It can be concluded that VLM damages many 
organ systems and the clinical presentation 
can mimic a lot of diseases (53). The syn-
drome is usually benign, self-limiting and the 
prognosis is favourable. Significant damages 
to lungs, liver, CNS and even a fatal outcome 
could occur if there is delay in diagnosis and 
treatment.
Ocular larva migrans (OLM)
Conditions in which the visual system is 
affected are called ocular larva migrans. 
Toxocara larvae have affinity for the retina 
and their migration through the tissues causes 
haemorrhage, necrosis, ocular inflammation 
and lesions which often lead to loss of vision 
in the infected eye (54). The inflammatory 

reaction against larvae and their antigens can 
cause local or general damage of the retina 
or other eye structures. Usually, the infection 
is unilateral and most common in children 
but sometimes both eyes could be involved. 
Typical features of ocular toxocariasis 
include nematode endophthalmitis (4), retinal 
granuloma (55, 56), reduced vision, leukocoria, 
red eye and strabismus (57). Often there 
is no eosinophilia (58) and the diagnosis is 
usually based on the presence of chorioretinal 
granuloma, focal lesions in the posterior ocular 
segment and positive serology. According to 
the literature, the distribution of OLM is from 
0% to 10% (59).
Covert toxocariasis is characterised by non-
specific signs and symptoms which are 
not classified in the classic VLM, OLM or 
neurological toxocariasis (NLM). The term is 
introduced by Taylor who described the most 
common clinical characteristics – stomach 
ache, hepatomegaly, anorexia, nausea, 
vomiting, sleep and behaviour disorders, 
pneumonia, cough, rales, pharyngitis, cervical 
adenitis and limb pain (7). Lung involvement 
(asthma, acute bronchitis, pneumonia) (60), 
skin problems such as chronic urticaria or 
eczema (61), lymphadenopathy, myositis, 
pseudorheumatoid syndrome (62) are 
also observed. Covert toxocariasis is often 
diagnosed when the symptoms disappear 
after treatment (19). 
Asymptomatic toxocariasis has no symptoms 
and diagnosis is based only on positive 
serological test. It is observed as minor or 
old infections and could be accompanied 
by eosinophilia (63). The main problem 
with this form, especially in children, is the 
risk of progression to OLM or NLM. Bass 
et al. reported 7% to 44.4% distribution of 
asymptomatic toxocariasis (63).  
 
Diagnosis of human toxocariasis 
Parasitological diagnosis of toxocariasis is 
difficult because the parasite does not reach 
sexual maturity or produce eggs. The only 
way to make a precise diagnosis is based on 
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observation of the larvae in biopsy tissues (4, 
5). However, identification is extremely difficult 
due to their small size and the procedure 
posing a risk to the patient. Typical changes 
in the tissues are the formation of eosinophilic 
abscess and granuloma with fibrinoid necrosis 
and larva in the centre often surrounded by thick 
hyaline capsule. Liver biopsy is performed in 
patients with VLM. Motile larva can be directly 
observed below the retina in the ocular form (64).   
Therefore, immunology methods determining 
the presence of specific IgG antibodies against 
the parasite's antigens are the main instruments 
in the diagnosis of toxocariasis. In 1979 de 
Savigny developed ELISA methodology 
based on T. canis antigen obtained from in 
vitro cultivation of second-stage larvae, and 
reported that the assay is sensitive for diagnosis 
of toxocariasis (65). Later on, researchers 
confirmed the method and described it as 
sensitive, specific and easy to perform (66). 
Nowadays, this is the most commonly used 
screening tool for diagnosis and sero-epidemic 
investigations. Cross-reactions (66), difficult 
interpretation of borderline results and low 
sensitivity in cases of ocular form are often 
reported as disadvantages of the method (67). 
In order to avoid these drawbacks, in 1991 
Magnaval et al. developed Western blot assay 
(68) using excretory-secretory antigens of 
Toxocara larvae. The presence of toxocariasis 
is associated with formation of a first cluster of 
low-molecular-weight bands (LMW) of 24, 28, 
30 and 35 kDa and a second cluster consisting 
of three high-molecular-weight bands (HMW) 
of 132, 147 and 200 kDa, which are observed 
more often in examination of patients with 
different helminthiases. According to Magnaval, 
the Western blot method correlates with ELISA 
and he suggested to be used as a confirmatory 
tool of all positive ELISA results (68). Because 
of the good sensitivity and specificity, nowadays 
the Western blot method is recognised as a 
confirmative test for Toxocara serology (69).    
Immunological reactions of intraocular 
liquids (aqueous and vitreous humour) (70) 
are recommended in OLM diagnosis and 

significantly increase the specificity of ELISA, 
but such specimens are usually not available 
for examination.   
Serodiagnostic tests have few disadvantages. 
The occurrence of cross-reactions with other 
parasites (most often with nematodes) often 
shows false positive reactions. The stage of 
disease and treatment success cannot be 
determined because of the long retention 
time of specific antibodies (71). Difficulties in 
the diagnosis of T. canis active infection are 
serious problem and for this reason additional 
tests are further developed – measurement of 
circulating antigens (72), determination of total 
serum IgE level (73, 74, 75) and eosinophil 
cationic protein (ECP) (76, 77). Other 
complementary tests include determination 
of specific IgG avidity (78), anti-Toxocara IgE 
(79) and specific IgG subclass antibodies (80, 
81), in order to support the main diagnosis and 
determine the activity of the disease. 
Lesions caused by larvae can be identified with 
different medical imaging techniques such as 
ultrasound, computed tomography (CT) and 
magnetic resonance imaging (MRI) (82, 83, 
84).
Genetic methods (PCR) are used for detection 
of ascarid larvae in animal tissues (cats, 
dogs and foxes) and species differentiation 
between T. canis, T. cati and T. leonine (85). 
Reliable genetic markers for identification 
and differentiation of Toxocara species and 
related nematodes are the first and second 
internal transcribed spacers (ITS-1 and ITS-
2) of the nuclear rDNA sequence (85, 86, 
87). In 2013, Pinelli E. determined Toxocara 
spp. DNA in bronchoalveolar lavage fluid of 
experimentally infected mice and suggested 
this method for improving the diagnosis, 
especially in patients with lung symptoms 
(88). Mitochondrial genetic markers (mDNA) 
are used for investigation of Toxocara spp. 
taxonomy and population genetics (89). The 
main focus of genetic studies is on T. canis 
and the identification of dominant and surface 
molecules secreted during the infectious larva 
stage, which have a key role in the immune 
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invasion (90). The application of modern 
genetic and bioinformation technologies is of 
great importance for understanding the biology 
of T. canis and will lead to development of new 
diagnostic, therapeutic and control strategies 
(91).

Toxocariasis in Bulgaria
In our country R. Zheleva investigated T. 
canis antigen structure and contributed to the 
development of different diagnostic techniques 
(92). I. Raynova performed extensive studies 
of the disease incidence in Bulgaria and 
standardisation of modern serological tests 
(ELISA and Western blot) (93). 
Toxocariasis is one of the most widespread 
helminthic infections in the world. Investigation 
of the distribution in Western countries 
reveals 2% to 5% in healthy residents of 
cities, 14% to 37% in adults living in the 
countryside (94) and up to 63% in the tropical 
countries (95). Studies in Bulgaria show 
8.6% distribution in healthy people (96). 
There are several reasons for the high levels of 
soil contamination with Toxocara eggs, such as 
the wide spread and fertility of adult Toxocara 
spp. parasites and increase in the number of 
pet animals. Geography and poor personal 
hygiene increase the risk of Toxocara infection, 
especially in children. Due to difficulties in 
diagnosis and the variety of clinical forms, 
the disease often remains undiagnosed.  The 
increase in awareness of this illness will lead 
to early diagnosis and proper treatment.    
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