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ABSTRACT
The pathogenic potential of Blastocystis spp. is
extremely controversial. Recently, many researchers
have discussed its inductive role in the etiology
of various dermatological syndromes such as
palmoplantar pruritus, acute, and chronic urticaria.
The growing number of urticaria patients showing
improvement after eradication of Blastocystis spp
.infection, has proven its causative nature. Herein, we
present a broad overview of the modern concept of
the precise parasitological verification in the routine
work-up of urticaria patients.
KEYWORDS:
Blastocystis spp.,
urticarial,
gastrointestinal
symptoms
EPIDEMIOLOGY
Blastocystis spp. is one of the most common
parasites in the human intestinal tract. The reported
prevalence in healthy asymptomatic adults ranges
from 30-50% in developing countries to 1.5-10% in
industrialised nations (1).
MICROBIOLOGICAL PROFILE
Alexieff et al. first described the genus Blastocyst
as a distinct organism in 1911 (2). One year later,
Brumpt et al. proposed the term “Blastocystis
hominis”, which has been widely introduced in the
medical literaturethereafter (3).
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Initially regarded as a commensal organism in the
human gastrointestinal tract, Blastocystis spp. is an
anaerobic protozoan, which is now considered by
many authors as a potential pathogen that causes
intestinal and allergic diseases. It exists in 4 different
forms (cystic, vacuolar, granular and ameboid)
with size varying from 5 to 40 μm. Vacuolar and
cystic forms are the most frequently found in stool
samples. Blastocystis spp. resides in the colon and
cecum.
CLINICAL MANIFESTATIONS
Clinical manifestations of Blastocystis infection
include diarrhoea, abdominal pain, fatigue, nausea,
flatulence, blood and excessive mucus in stool
samples (4-6). During the past few years, Blastocystis
hominis infection has been highly suspected as
a triggering factor in the pathogenesis of acute
and chronic urticaria, angioedema, palmoplantar
pruritus (7) and dermatitis (8).
Despite the wide distribution of urticaria and
the typical clinical presentation (transient
oedematous pink or red wheals of variable size
and shape that are pruritic), its etiopathogenesis
is often obscured. Different foods and food
additives, drugs (antibiotics, nonsteroidal antiinflammatory drugs - NSAIDs, hormones and
others), insect bites, viral, bacterial or parasitic
infections, IgE-mediated type I allergic reactions,
contact with allergens, physical stimuli and
systemic disorders are commonly implicated in
causing acute and chronic urticaria (9, 10). A large
number of helminthic parasites including Ascaris,
Strongyloides, Filaria, Echinococcus, Schistosoma
and Trichinella have also been associated with
allergic cutaneous symptoms (11).
Recent studies have suggested a high prevalence
of Toxocara canis, Giardia lamblia, Fasciola hepatica
and Blastocystishominis infection in patients with
urticaria. Kantardjiev et al. analysed a series of 6
patients with urticaria, determined to be infected
with amoeboid Blastocystis spp. and completely
cured upon etiological therapy (12).
In one study (13) data of 80 patients with
confirmed positive Blastocystis spp. infections
were assessed retrospectively, revealing that
73.75% had gastrointestinal symptoms such
as abdominal pain, blood and mucus in stool
samples, meteorism, weight loss, perianal itching
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and vomiting. 11.25% of the patients presented
with skin symptoms – urticarial and dermatitislike lesions, which resolved after specific
antiprotozoal treatment. Elevated C-reactive
protein and leukocytosis were observed in all
patients with skin manifestations, however,
no peripheral eosinophilia was identified. The
authors concluded that eosinophilia is not an
obligatory laboratory finding in Blastocystis spp.
infection, with or without skin manifestations
(13).
PATHOGENESIS
The pathogenic mechanism of Blastocystis spp.associated urticaria remains to be determined.
A variety of immuno-reactive cells populate the
gastrointestinal tract, among which T- and B
lymphocytes, dendritic cells, granulocytes and
tissue macrophages take the main role. Chronic
protozoan inoculation can serve as a constant
recruitment stimulus for accumulation of other
immunocompetent cells. The newly-formed
functional network of neutrophils, eosinophils and
lymphocytes enhance the release of histamine
through cell degranulation. Blastocystis spp. could
also activate the complement pathway with the
release of C3a and C5a anaphylotoxins, which
interact with specific receptors on mast cells and
basophils, causing histamine release and related
skin problems (14).
Some authors suggested that a co-factor
induction upon Blastocystis infection, for example
a concomitant intake of NSAIDs, might trigger
mast cell degradation and profound anaphylactic
reaction (15). Other hypothesis suggests that Th-2
immune response activation is needed to mediate
an increase in IgE antibody synthesis (16, 17).
Recently, it was proven that only the amoeboid form
of Blastocystis spp.expresses pathogenic potential by
adhering to the gut epithelial cells lining to enhance
inflammatory cells recruitment (12, 16). More than
95% of urticarial patientsshowed amoeboid form
of the microorganism, which undoubtedly confirm
their greater virulence (12, 18).
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CONCLUSIONS
The etiological role of Blastocystis spp. in acute
and chronic urticaria has long been controversial,
but in the recent years it has been far more widely
accepted. A growing number of papers emphasise
the importance of performing stool microscopy
and culture in patients with urticaria of unknown
etiology and minor gastrointestinal symptoms
when other common causative factors have been
ruled out. Largepopulation studies might provide
detailed evidence of the amoeboid Blastocystis
spp.pathogenic potential as a causative factor
inurticaria, thus opening new therapeutic horizons
to anti-parasite medications.
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ABSTRACT
Aspergillus is a fungus which could cause a number
of infectious and allergic diseases especially in
immunocompromised patients.
We report a case of 15-year-old boy with a small postpneumonic cavity formation in the 3rd segment
of the right lung. After conventional intravenous
antibiotic treatment the X-ray changes were still
persisting. The boy was in good general condition,
without intoxication syndrome, with intact immune
status. Physical examination was normal except
for mild rare cough. The diagnosis was confirmed
by imaging, serological and microbiological tests.
Oral itraconazole (200 mg daily) was administered
for 6 months along with monthly monitoring of the
liver function. CT scan controls were performed in
the 2nd, 4th and 6th month. Complete resolution
of the cavity was observed in the final CT scan. No
operative treatment was necessary.
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Although typical for immunocompromised
patients, an immunologically intact child without
other underlying diseases can also develop
pulmonary aspergillosis. Small lesions respond well
to conservative treatment without surgery.
KEYWORDS:
pulmonary aspergillosis, nonimmunocompromised children, clinical
presentation, diagnostic tests, treatment
INTRODUCTION
Aspergillus is a fungus which could cause a number
of infectious and allergic diseases especially in
immunocompromised patients. It is widespread
in the environment and is often cultured from
both outdoor (i.e. soil, plant debris) and indoor
environment, including hospitals. A wide spectrum
of pulmonary involvement is described in the
literature (1).
The most common cause of pulmonary diseases is
Aspergillus fumigatus, although Aspergillus flavus
is a more common cause of allergic rhinosinusitis,
postoperative aspergillosis and fungal keratitis.
Aspergillus terreus is responsible for invasive
pulmonary aspergillosis (IPA) in some institutions
and unfortunately is amphotericin B-resistant.
Aspergillus niger could be an occasional cause of IPA
or Aspergillus bronchitis, but is also a coloniser of
the airways (2, 3).
IPA is typical for individuals with severe
immunodeficiency. Patients at increased risk are
those with malignancy, organ transplantation or
autoimmune disease, and patients in intensive care
units (4-7).
Arendrup et al reported two cases of IPA that occurred
within one day of gardening work involving tree
bark chippings (5). They described severe interstitial
pneumonia or miliary type picture with possible
cavity formation. The authors discussed that the
clinical presentation may be confused with extrinsic
allergic alveolitis (EAA) (8).
The most common and best-recognised form of
pulmonary involvement caused by Aspergillus
species is aspergilloma which usually develops in
a pre-existing cavity in the lung. It is composed
of fungal hyphae, leukocytes, fibrin and mucus.
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The most common isolate from such lesions is
A. fumigatis, although others (Zygomycetes and
Fusarium) are also described. A lot of pulmonary
diseases manifesting as cavity formation could be
complicated by aspergilloma, namely tuberculosis
(most common), sarcoidosis, bronchiectasis,
bronchial cysts and bullae, ankylosing spondylitis,
neoplasm and pulmonary infection (9, 10). In a study
including 544 patients with pulmonary cavities
caused by tuberculosis, 11% had radiological data
of aspergilloma (11, 12). It is hypothesised that the
inadequate drainage of the cavity is the cause of
Aspergillus growth.
The diagnosis of pulmonary aspergilloma is usually
based on clinical picture and is confirmed by
serological and microbiological methods (13). Chest
X-ray could demonstrate a mass in a pre-existing
cavity. The typical appearance of aspergilloma is an
upper-lobe, mobile, intra-cavitary mass with an air
crescent in the periphery.
Due to its high lung penetration, itraconazole is a
viable option for conservative treatment in selected
patients with aspergilloma (17). Long-term oral
itraconazole therapy has been associated with
radiological and clinical improvement in more than
50% of the cases. Occasionally a complete resolution
of the cavity has been documented (14-16).
Surgery of the cavity is advised in patients with
persisting X-ray changes and recurrent haemoptysis
but may be associated with mortality rates of up to
7–23% (18-23).
CASE PRESENTATION
We present a clinical case of 15-year-old boy with
a vague cavity formation in the 3rd segment of
the right lung after pneumonia treatment.
The child had no family history of pulmonary
diseases or serious diseases in the past except drug
allergy against sultamicillin. The boy lives in Sofia, in
a flat, and is an active swimmer.
The onset of the illness was in July 2018 when
pneumonia was diagnosed due to cough, fever,
general fatigue and X-ray changes. The boy was
treated for 7 days with an intravenous antibiotic
(amikacin) in a hospital and after that, for 7 more
days with an oral antibiotic (levofloxacin) at home.
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However, due to the persistence of the X-ray
morphology he was admitted to the hospital for
diagnostic work-up.
The boy was hospitalised in the Multiprofile
Hospital for Active Treatment of Pulmonary
Diseases „St. Sofia“ in August 2018 in a good general
condition, without intoxication syndrome. Physical
examination was unremarkable except for a mild
rare cough.
Laboratory blood tests were performed: full blood
count and liver enzymes – normal; cellular and
humoral immunity – without disorders; HIV status
– negative.
The initial chest X-ray upon admission showed
two-sided hilar congestion; soft, gentle infiltrate
was observed with clear borders from the
surrounding parenchyma and hyper-lightening at
the centre associated with a shadow in the right
lung hilus.
On the next day chest computed tomography (CT)
scan was performed, showing formation of a lobular
cavity with wall thickness of up to 2 mm located in
the upper right lobe (3rd segment), and soft tissue
formation adjacent to the ventral contour of the
cavity. Perifocally in the same segment were found
multiple micronodular lesions. CT morphology was
highly suggestive of aspergilloma in the right upper
pulmonary lobe. In differential diagnosis another
mycotic infection and less likely tuberculosis should
also be considered (Fig. 2.)

Figure 2. Initial CT findings.
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Flexible fibrobronchoscopy was normal for the age, in
the upper right lung there was an atypical division of
the segmental bronchi. Bronchoalveolar lavage fluid
(BAL) was collected for microbiology and cytology.
No bacterial growth was detected in BAL. Sputum
and BAL microscopy, and culture results for
tuberculosis were also negative.
Immunological tests for tuberculosis were also
conducted. Tuberculin skin test (TST) was normal
– 13 mm, according to Bulgarian reference values.
Interferon Gamma Release Assays (IGRA) test was
negative as well.
The diagnosis was confirmed with the isolation of
Aspergillus niger from BAL submitted for fungal
culture (Fig. 3). The serology test for Aspergillus was
also positive.

Figure 3. Culture confirmation.
Histopathology and BAL cytology showed epithelial
cells, many macrophages, less neutrophils and
eosinophils, spores and Aspergillus hyphae. The
morphological diagnosis was aspergillosis (Fig. 4).

Figure 4. Microscopy confirmation.

After consultation with a paediatric thoracic surgeon
an observational approach was chosen to assess the
patient‘s condition.
In the differential diagnosis were considered also
post-pneumonic cavity formation, pulmonary
tuberculosis, pulmonary echinococcosis or other
pulmonary parasitosis, and pulmonary mycosis.
Oral itraconazole (200 mg daily) was administered
for six months along with monthly monitoring of
liver enzymes. The child had no complaints during
the treatment course.
CT controls were performed in the 2nd, 4th and
6th month (Fig. 5, 6 and 7, respectively). Complete
resolution of the cavity was observed in the final CT.
No operative treatment was necessary.

Figure 5. Control CT in the 2nd month of
treatment – a small residual fibrotic focus is
observed in the right upper lung at the cavity site.

Figure 6. Control CT in the 4th month of treatment
– a discrete fibrotic focus is observed in the right
upper lung. There are no CT findings for focal and
nodular lesions in the pulmonary parenchyma.

9

A CASE OF PULMONARY ASPERGILLOSIS IN AN IMMUNOLOGICALLY INTACT 15-YEAR-OLD BOY

More studies are needed to better characterise the
type and pathogenesis of infectious, allergic and
saprophytic Aspergillus diseases.

Figure 7. Control CT in the 6th month of
treatment (final CT) – normal image of the lung
and the mediastinal structures. There are no CT
findings for focal and nodular lesions in the lung.
After the end of the antimycotic treatment
Aspergillus-specific IgE were examined and the
result was <0.1kU/l (normal <0.35).
DISCUSSION
Chronic necrotising aspergillosis is usually found
in patients with chronic pulmonary disease or
light immunodeficiency. Aspergilloma is usually
detected in patients with pre-existing lung cavities,
and allergic bronchopulmonary aspergillosis is
generally observed in patients with atopy, asthma
or cystic fibrosis (24, 25).
Actually, our patient did not have immune
deficiency or any kind of underlying disease,
and was generally a healthy teenager before the
Aspergillus infection.
Although typical for immunocompromised patients,
an immunologically intact child without other
diseases can also develop pulmonary aspergillosis
(24, 29). Small lesions respond well to conservative
treatment without surgery.
The
various
clinical
presentations
of
Aspergillus infection and the development of one
form of the disease into another depend mainly
on the immune status of the patient. There is
a variety of infection hypersensitivity states in
allergic aspergillosis, saprophytic infection in preexisting pulmonary diseases and invasive forms in
immunocompromised patients (26-34).
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INVASIVE PULMONARY
ASPERGILLOSIS
ASSOCIATED WITH
INFLUENZA
L. Boyanova
National Centre of Infectious and Parasitic Diseases

ABSTRACT
The aim of this review is to present the increased
frequency of influenza-associated invasive
pulmonary aspergillosis (IPA) cases reported from
several countries. Classic risk factors or additional
immunosuppression may not be observed in
affected patients. Therefore, influenza-associated
IPA might be diagnosed with a delay and
consequently result in worse patient outcomes.
KEYWORDS:
invasive pulmonary aspergillosis (IPA), Aspergillus,
influenza virus
Invasive pulmonary aspergillosis (IPA) can complicate
viral infections though influenza predisposes to
increased risk of bacterial superinfections (9, 10).
The development of IPA is associated with
immunocompromised status but there are reports
on aspergillosis in patients without major risk
factors (10).
Cases of IPA in influenza patients have been
described since 1952. After the influenza pandemic
in 2009 there was an increase in the number of
reports.
Influenza A virus is associated with IPA in most of the
cases but there are also cases involving influenza B
virus (10).
Despite inhaling large numbers of conidia
(Aspergillus spores) every day, most people
do not develop disease. Manifestations of
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the disease may range from allergic disorders
to invasive aspergillosis depending on the
immunocompetence of the human host, and
mortality rates may reach up to 90% if there is no
effective antifungal treatment (10).
Risk factors are summarised as follows:
• Immunocompromised status with underlying
disease – viral hepatic cirrhosis, diabetes
mellitus, acute myeloid leukaemia, prolonged
neutropenia, chronic obstructive pulmonary
diseases (COPD), lymphopenia (8, 9);
• Corticosteroid
therapy
–
long-term
administration of high-dose corticosteroids
(methylprednisolone up to 3 weeks) for acute
respiratory distress syndrome causes induced
immunosuppression with leucopenia, tissue
destruction, ischemic necrosis and angioinvasion
(8, 9, 11);
• Transplant-related factors – immunosuppressive
therapy and chemotherapy (cyclosporine,
tacrolimus, cytarabine, etoposide and others) (8);
• Respiratory viruses – respiratory syncytial
virus, influenza A/B and parainfluenza viruses,
adenoviruses, cytomegalovirus (8);
• Blood transfusion, haemodialysis (8);
• Worsening of respiratory symptoms after initial
improvement in the patient's condition (8);
• Age of more than 40 years (8);
• Antibiotic treatment of influenza patients;
• Others – mechanical ventilation, advanced liver
disease, congestive heart failure and major
infections (10, 11).
Role of viral infections in facilitating fungal
pathogens:
• Impaired phagocytosis in macrophages;
• Impaired formation of nitric oxide (NO);
• Inhibition of apoptosis;
• Lymphopenia (decreased proliferation and
migration of lymphocytes, T-cell defects);
• Decreased production of pro-inflammatory
cytokines (8);
• Decreased counts of alveolar dendritic cells – the
professional antigen-presenting cells (APC) (8, 11).
Upon inhalation of spores (conidia), factors
contributing to angioinvasion followed by ischemic
necrosis, dissemination and development of invasive
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Figure 1. Radiographic presentation of Aspergillus pneumonia and evolution over time.
J Clin Oncol. 2001,19:253-259

aspergillosis, are impaired natural immunity, APC

associated IPA (10);

dysfunction (including macrophages, dendritic cells

• Biopsy sample collected with bronchoscopy and

and T-lymphocytes), lack of pulmonary protection,

stained with GMS (Gomori’s methenamine silver)

damaged ciliary epithelium and corticosteroid-

(12);

induced immunosuppression (8, 11).

• Serological

methods

of

• Chronic necrotizing aspergillosis with local

immunofluorescence (IIF) for detection of

• Invasive aspergillosis with angioinvasion and
“halo sign” (or “air crescent sign”) (8) – Fig.1.

antigen,

detection

The clinical forms of aspergillosis are:
invasion and cavitation forms (8);

galactomannan

for

indirect

antibodies in serum (1, 3);
• PCR molecular techniques for diagnosis of
invasive fungal infection (4, 5, 6, 7).

Microbiological diagnosis can be performed with

The diagnosis of invasive pulmonary aspergillosis is

the following methods:

based on a combination of clinical, microbiological

• Fungal culture of bronchoalveolar lavage fluid

and radiological criteria.

and sputum. This method has low sensitivity

The most frequently isolated species are Aspergillus

for the diagnosis of invasive aspergillosis, as

fumigatus, followed by Aspergillus versicolor and

positive results are obtained only in about 25-

Aspergillus niger (14).

65% of patients. However, higher sensitivity of

Specific antivirus therapy such as early treatment

63-88% was reported in patients with influenza-

with oseltamivir was shown to decrease the
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incidence of influenza-associated complications
(11). The development of resistance to azole
antifungals in Aspergillus strains limits treatment
options in some patients and has been related
to increased mortality (10). However, initiation of
appropriate antifungal therapy might prove to be
important in decreasing the mortality of influenzaassociated aspergillosis (13).

3.

4.

5.

6.

CONCLUSION
Aspergillus species are widespread in the
environment. IPA is a severe disease and
immunodeficiency is the major risk factor. However,
there is an increasing number of reports describing
patients without the classic risk factors. Influenza
patients may develop pulmonary aspergillosis as
a co-infection and there are numerous reports on
influenza pneumonia complicated by Aspergillus
infection. Isavuconazole or voriconazole are used as
first-line therapy (15). Patient management includes
bronchoalveolar lavage, computed tomography
imaging, antifungal and antiviral therapy in order to
curb the co-infections.
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2018
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ABSTRACT
In Bulgaria, the first laboratory-confirmed West
Nile neuroinvasive disease (WNND) case occurred
in 2015 and more cases have been reported
ever since. The aim of our study was to track the
current circulation of West Nile virus (WNV) in
the country. We collected 1830 serum samples
from healthy people of every district in Bulgaria.
Commercially available ELISA kits were used
to detect specific anti-WNV IgG antibodies. All
positive samples were tested for specific IgM
antibodies using the same method. Possible
risk factors were identified by calculating odds
ratio. Specific IgG antibodies were detected in
22 of the samples (1.2%, CI 0.8% to 1.8%). No IgM
antibodies were detected in the positive samples.
The highest seroprevalence rates were found in
the districts of Pleven, Varna, Silistra and Yambol.
This study showed the continuous circulation and
spread of WNV in Bulgaria.
KEYWORDS:
West Nile virus, seroprevalence, antibodies,
neuroinvasive disease
INTRODUCTION
West Nile virus (WNV) is a mosquito-borne flavivirus
emerging in Europe and America. As many other
flaviviruses, WNV is maintained in nature in a
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cycle which involves mosquitoes and vertebrate
hosts. WNV uses Culex mosquitoes as vectors,
and domestic and wild birds as amplifying hosts.
Humans and horses are an incidental end host of
the virus.
Most human infections with WNV are asymptomatic
(~80%). About 20% of WNV infections result in
influenza-like fever, called West Nile fever, and
less than 1% cause neuroinvasive diseases (West
Nile neurologic disease, WNND). Clinicians mostly
recognise neuroinvasive infections which represent
less than 1% of WNV infections, but the actual
number of infected people is a lot higher.
In Europe, WNV emerged in Romania in 1997
when 352 WNND cases were confirmed (6). In
the following years, a number of WNV outbreaks
occurred in Europe, including in the Balkans: 609
cases in Greece (2010-2013), 371 cases in Serbia
(2012-2013) (5) and 47 cases in Romania (7).
In Bulgaria, the first laboratory-confirmed WNND
case occurred in 2015 and more cases have been
reported ever since. Following the first confirmed
case, a nationwide seroprevalence study was
conducted in 2015 (1). An overall seroprevalence
of 1.5% was found, varying from 0 to 10% among
districts. The aim of our study was to track the
current circulation of WNV in Bulgaria.
MATERIAL AND METHODS
Between February and March 2018, a total of
1830 serum samples were obtained from healthy
people (57.7% females and 42.3% males) from
each of the 28 districts of Bulgaria. The age of the
people ranged between 15 and 93 years, with a
median age of 57. The samples were transported
and stored at -20°C before testing.
Commercially available ELISA kits were used for
detection of specific anti-WNV IgG antibodies
(Euroimmun,
Germany),
following
the
manufacturer‘s instructions. Samples resulting
positive were further tested for the presence of
specific IgM antibodies using ELISA kits from the
same manufacturer.
In order to identify possible risk factors, univariate
analysis was performed calculating the odds ratio
(OR) and 95% confidence interval (CI).
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Table 1. WNV seroprevalence rates by district (Bulgaria 2018).
District

Positive
(no)

Tested
(no)

Prevalence rate

lower CI

upper CI

Blagoevgrad

1

60

1.67%

0.29%

8.86%

Burgas

2

81

2.47%

0.68%

8.56%

Dobrich

0

70

0.00%

0.00%

0.00%

Gabrovo

1

60

1.67%

0.29%

8.86%

Haskovo

1

70

1.43%

0.25%

7.66%

Kardzhali

0

60

0.00%

0.00%

0.00%

Kustendil

0

60

0.00%

0.00%

0.00%

Lovech

0

60

0.00%

0.00%

0.00%

Montana

2

80

2.50%

2.50%

8.66%

Pazardzhik

0

60

0.00%

0.00%

0.00%

Pernik

0

60

0.00%

0.00%

0.00%

Pleven

3

70

4.29%

1.47%

11.86%

Plovdiv

1

70

1.43%

0.25%

7.66%

Razgrad

0

60

0.00%

0.00%

0.00%

Ruse

1

70

1.43%

0.25%

7.66%

Shumen

0

60

0.00%

0.00%

0.00%

Silistra

2

70

2.86%

0.79%

9.83%

Sliven

0

60

0.00%

0.00%

0.00%

Smolyan

0

60

0.00%

0.00%

0.00%

Sofia city

1

80

1.25%

0.22%

6.75%

Sofia district

1

80

1.25%

0.22%

6.75%

Stara Zagora

1

60

1.67%

0.29%

8.86%

Targovishte

0

60

0.00%

0.00%

0.00%

V Tarnovo

0

60

0.00%

0.00%

0.00%

Varna

2

60

3.33%

0.92%

11.36%

Vidin

0

49

0.00%

0.00%

0.00%

Vratsa

1

70

1.43%

0.25%

7.66%

Yambol

2

70

2.86%

0.79%

9.83%

TOTAL

22

1830

1.20%

0.80%

1.81%
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RESULTS
Specific WNV IgG antibodies were detected in 22 of
the 1830 samples (Table 1) (1.2%, CI 0.8% to 1.8%).
No anti-WNV IgM antibodies were detected in the
positive samples. The districts with the highest
seroprevalence rates were Pleven (4.29%, CI 1.47%
to 11.86%), Varna (3.33%, CI 0.92% to 11.36%),
Silistra (2.86%, CI 0.79% to 9.83%) and Yambol
(2.86%, CI 0.79% to 9.83%).
There were no significant differences between the
positive female (1.42%) and male (0.9%) groups:
OR 1.58 (CI 0.64 to 3.9, p value=0.32). Age (40 and
above) also did not show any influence on WNV
infection (OR 1.54, CI 0.62 to 3.81, p value=0.35).
DISCUSSION
The current WNV seroprevalence rate of 1.2% is
consistent with the previous study of ours, which
showed an overall rate of 1.5%. Interestingly, there
are differences regarding the spread of the viral
circulation between the current and the previous
nationwide seroprevalence study. Three years ago,
the highest seroprevalence rates were found in
the districts of Sofia province and Vidin (1). In the
current study the prevalence rates for these districts
were 1.25% and 0%, respectively, which might be
showing better mosquito management and control.
On the other hand, the highest seroprevalence
rates were in the districts of Pleven, Varna, Silistra
and Yambol, which is consistent with the previous
results, demonstrating high WNV rates in the
districts of Pleven, Silistra and Yambol (2%, 6% and
2%, respectively). This is also expected, since Pleven
and Silistra are bordering the river of Danube with
favourable conditions for mosquito populations;

Varna is bordering the Black Sea, as well as a couple
of lakes (Lake Varna and Lake Beloslav); and Yambol
is bordering the Tundzha river and is close to the
neighbouring countries of Greece and Turkey,
where there were numerous WNV cases in the
recent years (3,4). We found high seroprevalence
rate in the district of Burgas as well – 2.47% (CI
0.68% to 8.56%), where a total of 4 WNND cases
were detected in 2018, representing almost 1/3 of
the reported WNND cases that year (2).
The present country-wide WNV seroprevalence
study shows that the virus continues to circulate
and spread to new foci. Moreover, in 2018 there
were an unexpectedly high number of WNND
cases in Bulgaria. This suggests improved disease
recognition by clinicians, but nevertheless further
studies should be performed examining the
circulation of the virus in reservoir hosts and vectors
as well.
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ABSTRACT
According to the World Health Organisation, more
than 1.5 billion of the world population is affected
by parasitic diseases caused by geohelminths.
The number of persons suffering from foodborne
and waterborne protozoan diseases is similar. In
developed countries, including Bulgaria, systematic
sanitary and parasitological studies of soil and
water are the basis for monitoring and control in
protecting public health. Occurrence and prevalence
of human parasitic infections is determined by the
peculiarities of life cycle of parasites, peculiarities
of hosts as reservoir sources, the abiotic and biotic
factors of the environment as a complex providing
conditions for the development or sterilisation of
different parasite stages, as well as socioeconomic
factors that play a leading role in the whole
epidemiological process.
Systematic sanitary-parasitological studies require
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the application of classical and novel reliable,
sensitive and practical diagnostic methods that
are also easy to perform, economical and efficient
enough.
KEYWORDS:
sanitary parasitology, factors, methods
Sources of parasitic diseases are infected humans
or animals, where the parasites produce invasive
elements. The power of the source is determined by
the amount of infectious material excreted per day
in the external environment, and depends on the
type of parasite and its reproductive capacity.
The mechanism of parasite transmission and
penetration is specific and is accomplished through
a number of biotic, abiotic and social factors that
provide the opportunity of the invasive forms to
enter the host body. Certain features of the host,
e.g. resistance, immunity, age, etc., as well as those
of propagative stage of the parasite, clarify the role
of biological factors in the epidemic process of
parasitic diseases. The mechanisms of dissemination,
transmission and penetration of invasive stages in
the macroorganism of the healthy and susceptible
human population, under the specific economic,
cultural and household conditions, are the social
factors in the epidemic process. These two types of
factors (biological and social) determine the course
of the epidemic process (1).
In some cases the release of parasites into the
environment occurs through faeces, urine, sputum,
vaginal discharge (anal-oral and urogenital
anthroponotic diseases). Important for their
subsequent distribution is either entering the
irrigation systems, drinking water sources or
contamination of ground-growing vegetables,
fruits, household objects, hands, food, etc. Other
parasites circulate in the blood and lymph fluid of
hosts or are found in their muscles, internal organs,
or skin (2).
The most commonly reported routes for
transmission of infection, particularly in humans,
are as follows (3):
• Ingestion of eggs, cysts, larvae or hosts with
invasive stages of the parasites (Entamoeba spp.,
Giardia spp., Ascaris spp., Toxocara spp., Enterobius
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vermicularis, Trichuris spp., Echinococcus spp.,
Blastocystis spp., Trichinella spp.)
• Inoculation of invasive stages by host or vector
(malaria plasmodia, leishmania, filaria).
• Direct penetration of invasive stages of
parasites into the human body through the
skin (Ancylostoma spp., Schistosoma spp.,
Strongyloides spp.)
ABIOTIC AND BIOTIC FACTORS INFLUENCING
THE DEVELOPMENT AND SURVIVAL
Soil conditions are an important factor for the
egg development rate. Main limiting factors are
temperature and soil moisture. Eggs and other
invasive stages of helminths have different survival
time in the soil. For example, the eggs of Ascaris
lumbricoides, Teania saginata, and Trichuris trichiurus
can survive in soil for several months, while cysts of
Entamoeba histolytica - less than 10 days.
Survival of parasites outside the host`s body
depends on environmental conditions. The eggshell
is one of the most resistant biological structures that
offer a high degree of protection for the developing
embryo. It is highly impermeable and only lipid
solvents, gases, and water molecules pass through
it (4).
Factors influencing the survival of cysts of parasitic
protozoa and helminth eggs and larvae can be
grouped into three categories:
• Physical factors - temperature, sunlight,
ultraviolet radiation, etc.
• Chemical factors - oxygen concentration, acidity
(pH) of the soil, various chemicals, etc.
• Biological factors - pathogenic and ovicidal
fungi, protozoa, invertebrates, etc.
Temperature is one of the physical factors mainly
affecting the development of invasive elements,
such as size, maturation, survival and infectivity
of the free parasite stages. At high temperatures,
nematode larvae slow down their function, fall into
heat stupor, and die above 60°C. Some geohelminths
avoid these unfavourable for their development
conditions by transition from one stage to another;
different species can tolerate different temperature
range (8). Under pasteurisation conditions (90°C),
high temperature is used for the remediation of

sludge from invasive eggs of Ascaris spp. Eggs of
Taenia saginata lose viability in five minutes at 71°C
and the eggs of Necator americanus in 50 minutes
at 45°C (9).
On the other hand, low temperatures (8.9°C to
15.6°C) prevent the full embryonation of the egg.
Under experimental conditions Ascaris spp. eggs
are stored in a refrigerator at temperature of about
7-8°C. In some parasitic species low environmental
temperatures can have a limiting effect, while
in others they have no significant influence. For
example, the 3rd-stage larvae of Trichostrongylidae
species survive at temperatures below -28°C in
pastures in Poland (5).
A high percentage of lost viability is observed when
eggs and partially developed embryos of Trichiuris
spp. are exposed to very low temperatures (-9ºC to
-12ºC) (6). The larvae release is sharply reduced after
prolonged exposure (from 77% to 47%). The Ascaris
suum eggs remain viable for a period of 40 days
when they are exposed to temperatures ranging
from -18°C to -27°C (7).
Another important factor for the survival of parasites
and their invasive elements is light and ultraviolet
radiation. Both factors have a direct impact on some
of the stages in the life cycle of parasitic nematodes
(10). It is believed that the colouring of eggshells
of certain zooparasitic nematodes is associated
with additional protection in relation to ultraviolet
radiation.
Eggs of Trichiurus spp. are significantly more resistant
to the impact of light. It is supposed that the dark
pigmentation of their eggshell protects them from
the shorter wave lengths of ultraviolet light. For
example, even very short exposure of Ascaris spp.
eggs is sufficient for disturbances of embryonic
development to occur, and longer is lethal (6).
Humidity of the soil is a major factor for the survival
of helminths and many of them practically are
unable to survive in the dry soil substrate. It is of
great importance whether soil drought occurs slow
or fast. For example, Trichostrongilus colubriformis
can survive 164 days when drought occurs slowly
within 3-4 days (11). Eggs of some zooparasitic
nematodes lose their water very slowly when
subjected to drying and this allows the larva to
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survive water stress. However the eggs of Ascaris
spp. survive at low and zero humidity levels only up
to 3 days regardless of temperature (7). The optimal
conditions for their normal development are
humidity about 80% and temperature above 20ºC.
EFFECTS OF DRYING ON THE VIABILITY OF
PARASITE EGGS IN SLUDGE
There is a correlation between eggs viability and
moisture content of the sludge. Eggs inactivation
increases with decrease in moisture in the sludge
from the drying layer. The lowest humidity levels
at which all eggs of Ascaris spp. and Toxocara spp.
become inactive are 5% in autumn, 7% in winter, 8%
in spring and 15% in summer. It has been found that
both temperature and decrease in moisture content
play a role in the inactivation of these parasites.
Drying the sludge on air to very low humidity levels
leads to complete destruction of the parasites
present there.
Another group of factors affecting the survival of the
parasites and their elements involved in invasion are
the chemical ones. The most important from these
factors are soil oxygen concentration and pH.
The lack of oxygen suppresses the overall
metabolism of many nematodes and affects their
development and survival. For Ascaris spp. eggs
the development rate sharply decreases under low
oxygen concentration as they are obligate aerobes
(12). Non-embryonated eggs can survive for several
weeks at room temperature under anaerobic
conditions but their growth is inhibited. In nature
eggs of Ascaris spp. can adapt to developing
in a low-oxygen environment. Adult helminths
inhabiting the human intestinal tract live in
practically anaerobic conditions and have primary
anaerobic metabolism (13, 14). However, their eggs
require mandatory oxygen exposure to continue
their normal development.
ACIDITY (PH)
Parasite eggs are considered to be very resistant
to extreme pH values (15). The optimal pH for the
development of Necator americanus eggs is about 6.
The ecological significance of this is that the faeces
and soil provide optimal pH for hatching as well as
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contain the necessary nutrients and electrolytes for
further development of the larvae to the invasive
stage (15).
The eggs of Ascaris spp. can be embryonated in
a wide range of relatively toxic solutions such as
14% hydrochloric acid, 9% sulfuric acid, 8% acetic
acid, 0.4% nitric acid, 0.3% carboxylic acid, 0.5%
sodium hydroxide, 1% mercuric chloride, 4%
formaldehyde as well as in a number of chemicals
used for cleaning and disinfection. Concentrations
of ozone and chlorine at levels of 4.0 and 40 mg/l,
respectively, were found to destroy the eggs of
Shistosoma mansonia while ozone has no effect on
the eggs of Ascaris spp. and Hymenolepis spp. (16).
The resistance of these eggs to toxic substances is
due mainly to the structure of the inner membrane
of the eggshell, which is lipoid in nature (17).
BIOTIC FACTORS
The development of parasitic eggs and protozoan
cysts also depends on different biological factors.
Soil pathogenic fungi are capable of attacking and
destroying eggs of Ascaris lumbricoides (18). Under
experimental conditions this occurs for several days
or weeks. The rate of the ovicidal effect depends on
the type of ovicidal fungi and the active substances
they release. The parasitic fungus Cylindrocarpon
radicola penetrates and destroys the helminth eggs
(19, 20). A number of invertebrates, especially insects
and snails, can also mechanically kill the eggs of
helminths. It has been found that between 10% and
20% of the eggs of Ascaris spp. are discharged from
Planorbis planorbis, P. corneus, Bithynia tentaculata,
structurally damaged and incapable of further
development. From 8% to 10% of the eggs develop
only to the gastrula. The embryogenesis of the
remaining eggs is delayed by 10 to 15 days (21).
ASSESSMENT OF THE VIABILITY OF HELMINTH
EGGS AND LARVAE
Determination of the viability and number of
discovered eggs/larvae for each sample is necessary
and important in order to carry out risk assessment
in accordance with certain international and
national standards and guidelines (22, 23).
The most widely used method of assessing the
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viability is incubation. Solutions of sulfuric acid
(24, 25) and formalin (26) are used to incubate the
isolated eggs at incubation temperatures ranging
between 22°C and 26°C and duration of the
incubation period between 21 and 30 days (26).
The solution of sulfuric acid (0.1N) was reported to
give the best result, between 75-80% (22) and 8392% (27) viability, followed by formalin solution
(75-80%) (26). The disadvantage of incubation in
determining the viability of helminth eggs is the
duration of time. The morphological integrity of
the eggs and their response to dye staining, as well
as their characteristic features as size, shape, and
presence of visible larvae are used as a criterion for
the viability of the eggs.
This is avoided by the use of dyes differentiating
viable from non-viable eggs based on the
permeability of the eggshells. The most widely used
in practice are the Lugol solution (28), Safranin O
(24) and Eosin Y (29). When comparing the results
using different dyes versus conventional incubation,
was found that conventional incubation detected
86% of viable eggs, which was lower than the viable
eggs determined by staining with safran (97%),
crystal violet (92%) and methylene blue (87%). The
lowest viability (39%) was reported for trypan blue
staining (30). Disadvantage of the colouring is that
some dyes are toxic to the embryos, so the sample
testing should be done within a few minutes after
the application of the dye (31).
CLASSICAL METHODS FOR DETECTION AND
IDENTIFICATION
Most of the methods used for detection and
grading of external environment samples for the
presence of helminth eggs, larvae and protozoan
cysts are performed by standard light microscopy
and are called conventional methods. They include
sedimentation followed by an extraction stage and
then flotation prior to microscopy (32). However, all
these steps may vary depending on the type of the
sample, its amount, pretreatment of the sample and
the type of searched parasites and their different
stages that can be identified in the environment.
Samples from different sources and their quantity
are distinguished in the individual test matrices

– sewage, sludge, compost, soil. Detection of
helminth eggs and protozoan cysts is hampered by
their uneven distribution in the environment. This
feature can be compensated by the collection of a
large number of single samples from a given habitat
and their homogenisation. This method is used
more often in samples of sludge, compost, faeces
(26).
In addition, eggs of Ascaris spp., Trichuris spp., and
Toxocara spp. are highly resistant to degradation of
sediments and the removal or even the inactivation
of the parasites requires subsequent disinfection
steps. However, some of them maintain their invasive
potential even after severe treatment conditions.
For example, Maya et al. (24) assessed the degree
of inactivation of Ascaris lumbricoides, Ascaris suum,
Toxocara canis, and Trichuris trichiura eggs when
subjected to 80°C and pH 12.1 and found that less
than 25% of these parasites were inactivated under
these conditions.
An important step is the concentration of samples
and the separation of helminth eggs and protozoan
cysts from sludge containing multiple compacted
particles. This is often done by sedimentation,
which may be passive, or by using a different
speed centrifugation. So far, however, there is no
commonly accepted methodology by the different
laboratories in the world (33).
A critical step during separation of the eggs from the
rest of the particles is flotation. Different solutions
such as MgSO4, ZnSO4, NaCl, NaNO3 and sucrose
solutions are used, but a saturated solution of NaCl
is the most widely used for flotation.
CURRENT METHODS OF DIAGNOSIS
PCR techniques are emerging as very specific,
sensitive and rapid methods for detection of
different pathogens in different matrices of waste
water to soil and food products (34, 35). Among the
PCR methods developed for detecting pathogens
are the quantitative polymerase chain reaction
(qPCR), multiplex polymerase chain reaction (mPCR)
and drip-digital polymerase chain reaction (ddPCR)
(36). One of the main obstacles to the efficient
detection of eggs by using molecular methods is
the extraction of a nucleic acid with good quality
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and quantity, which is hampered by their hard shell
(37). Furthermore, the presence of large amounts
of suspended solids in the samples also hinder
the extraction of nucleic acid (38) and can inhibit
the PCR reactions. Separation of eggs from these
solid particles is carried out prior to extraction of
DNA (38) using flotation and/or sedimentation
steps. The ability to analyse species-specific gene
sequences by PCR makes the method preferred
in cases of identification difficulties with standard
morphological methods (39). Several other studies
have shown that qPCR is much more sensitive than
conventional microscopic methods for detecting
helminths in different environmental samples (40).
In Bulgaria sanitary-parasitological surveys are
carried out by the Regional Health Inspectorates
(RHI). Environmental investigations for the presence
of parasites and their invasive elements are
conducted annually and results are announced in
the annual reports. For the period 1995-2009 were
examined 6414 samples of soil from settlement
foci of soil-transmitted helminthiasis, sandboxes in
childcare facilities and parks. In 54 samples (0.84%)
were found eggs of A. lumbricoides, T. trichiuris and
larvae of Trichostrongylidae spp. (41). The relative
share of positive samples shows a sustainability
trend from 0.52% (1996) to 0.54% (2008). Several
other studies have been published in recent years
by Georgieva et al, 1999 and 2005 (42, 43), Muhtarov,
2016 (44) and Popova, 2018 (45). In samples from
playgrounds, gardens, and garbage bins in Stara
Zagora, the authors found Toxocara spp. eggs in 17
samples, Trichiurus spp. eggs in 5 samples, Taenia
spp. eggs in 4 samples, and Dipilydium caninum
in 3 samples (42, 43). A total of 301 samples from
environment were investigated in Kardzhali district
and in 71 (23.59%) were found parasitic invasive
forms, from which about 1% were eggs of Taenia
spp. (44). Similar results were obtained in a sanitaryparasitological study conducted in Plovdiv region,
where about 2% of the samples were contaminated
with eggs of Taenia spp. (45).
For the period from August to October 2017, in
the National Reference Laboratory for Diagnosis
of Parasitic Diseases at the NCIPD were tested
180 samples of soil, sand, open water sources
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and sludge from wastewater treatment plants.
Conventional (microscopic) and biomolecular
(PCR) diagnostic methods were used. In the studied
samples of different substrates with microscopic
analysis were found 16 (9%) positive: 5 positive for
nematode larvae, 2 positive for eggs of Ancylostoma
spp. and 9 positive specimens for oocysts of
Cryptosporidium spp. By using PCR methods, the
number of positive samples increased to 22 (11%): 4
positive for oocysts of Toxoplasma gondii, 1 positive
for oocysts of Cryptosporidium spp., 1 positive for
Toxocara canis eggs (46). In this respect, our data
on sensitivity of PCR techniques is similar to data
found in the literature. Furthermore, biomolecular
methods allow species identification with high
accuracy including specimens that are unfit for
morphological analysis or are morphologically
identical (e.g. Taenia spp. eggs).
In conclusion, we can state that in order to perform
quality sanitary-parasitological studies it is necessary
to include the biomolecular methods for species
identification of the detected helminth eggs and
protozoan cysts. This would significantly improve
the quality of the research on environmental
samples for the presence of invasive parasitic
elements as well as the measures for surveillance
and control of parasitic diseases.
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ABSTRACT
Pneumocystis jirovecii is an opportunistic organism
that inhabits predominantly the human pulmonary
alveoli. The fully sequenced genome of P. jirovecii
was first reported in 2012. According to some
authors, P. jirovecii is an obligate pathogen because
genes encoding virulence factors and most enzymes
for amino acid biosynthesis were not found in the
genome. This suggests that the microorganism
normally colonises the human lungs but causes
disease only in immunocompromised persons.
Pneumocystis pneumonia (PCP) is one of the
most common opportunistic infections in patients
developing acquired immune deficiency syndrome
(AIDS). The use of conventional microscopic
methods in diagnosis is associated with considerable
limitations. Therefore, detection of Pneumocystis
DNA in clinical samples by PCR techniques leads to
significant advances in the diagnosis of PCP.
The aim of this study is to determine the importance
of PCR-based methods in the diagnosis of human
pneumocystosis and to evaluate their diagnostic
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value in comparison with conventional microscopy
methods. For a period of 20 months in the National
Reference Laboratory “Diagnosis of Parasitic
Diseases” at the National Centre of Infectious and
Parasitic Diseases 33 patients were tested by realtime PCR and 11 of them were found positive for
the presence of P. jirovecii DNA. Eight of the patients
(72.7%) were HIV-infected. Although limited in
extent, this is the first real-time PCR study on the
distribution of human pneumocystosis in Bulgaria.
Our data shows that PCR techniques have higher
sensitivity and specificity than microscopic methods
and provide new opportunities for the diagnosis of
Pneumocystis pneumonia.
KEYWORDS:
Pneumocystis jirovecii, real-time PCR, compromised
immunity
INTRODUCTION
In the 1940s of the 20th century, Pneumocystis was
first recognised as a pathogen causing pneumonia in
malnourished or prematurely born children. Before
the 1980s, Pneumocystis jirovecii pneumonia (PCP)
was diagnosed mainly in persons with malignant
haematological diseases (1). Following the outbreak
of the global human immunodeficiency virus (HIV)
epidemic, the incidence of PCP significantly increased.
The introduction of antiretroviral therapy and
prophylaxis led to a decrease in PCP morbidity in HIVpositive individuals, but still pneumocystis pneumonia
is one of the most common opportunistic infections
in patients developing acquired immune deficiency
syndrome (AIDS) (2, 3).
Pneumocystis spp. are single-celled organisms
that can complete their life cycle in the lungs of
many mammals (4). Pneumocystis jirovecii lives
predominantly in the human pulmonary alveoli.
Morphological studies have revealed three distinct
forms: trophozoite (trophic form), often forming
clusters; sporozoite (precystic form) and the cyst
which contains several intracystic bodies (spores)
(5). The trophic form, adhering tightly to the alveolar
epithelial cells type I, is with diameter of 1-4 μm, and
the mature cyst is 8-10 μm in diameter. During lung
infection in humans, the ratio between trophic and
cystic forms is approximately 10:1 (6, 7).
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Initially Pneumocystis was classified as a protozoan
organism because of the morphological
characteristics of the two identified forms in the life
cycle – the small trophozoite and a larger cyst form,
and also because of the response of Pneumocystis
jirovecii infection to treatment with antiprotozoal
drugs (5). Based on DNA sequence analysis,
Pneumocystis is currently classified as a fungus,
although it is difficult to cultivate in a standardised
system. The fully sequenced genome of P. jirovecii was
first reported in 2012 (8). Genes encoding virulence
factors and most enzymes for the biosynthesis
of amino acids were not found in the genome.
This suggests that the microorganism normally
colonises the human lungs but causes disease only in
immunocompromised persons. Although the whole
genome analysis is completed, explanation of the
life cycle and sensitivity to drugs is hampered by the
difficulty in isolating Pneumocystis in pure culture (3,
5). A major problem in the evaluation of diagnostic
tests for PCP is the lack of a golden standard, mainly
because there is no system for culturing P. jirovecii (9).
There are serious limitations in the sensitivity
of microscopy diagnosis, the low-level invasion
particularly in non-HIV-infected patients, and also
in using non-invasive methods for collection of
pulmonary specimens (10). Stained smears for
microscopy diagnosis are most often prepared from
Gomori’s methenamine silver (GMS), Calcofluor
white, Giemsa, toluidine blue and commercially
available specific Pneumocystis immunofluorescent
diagnostic kits (11, 12).
Detection of Pneumocystis DNA in clinical specimens
by using polymerase chain reaction (PCR) analysis
led to a significant advance in the diagnosis of PCP
(9). This is the most sensitive method for detection
of Pneumocystis and should be considered as the
first choice among diagnostic tests. In fact, realtime PCR is currently regarded as the main tool for
diagnosing PCP (10, 11).
Bronchoalveolar lavage fluid is the optimal clinical
specimen type for PCR analysis but induced sputum
is also acceptable, especially in HIV-infected
patients. PCR assays have showed that Pneumocystis
DNA can be detected in oropharyngeal washes and
nasopharyngeal aspirates (3, 6).

The aim of this research is to determine the
importance of PCR-based methods in the diagnosis
of human pneumocystosis and to evaluate their
diagnostic value in comparison with conventional
microscopy methods.
MATERIAL AND METHODS
Patients
For a period of 20 months, in the National Reference
Laboratory “Diagnosis of Parasitic Diseases” at the
National Centre of Infectious and Parasitic Diseases,
were tested 33 patients suspected for Pneumocystis
pneumonia. Eleven were with HIV infection. From all
33 tested patients, 14 were children and adolescents
between 0-19 years and 19 were adults. Gender
distribution showed that 8 of the patients (24.2%)
were female and 25 (75.8%) – male.
Clinical samples
During the study period the following samples were
tested: bronchoalveolar lavage fluid (n = 2), tracheal
aspirate (n = 2), induced sputum (n = 28), postmortem material from lungs (n = 1).
Microscopic diagnosis
From 15 of the obtained samples were prepared
smears stained by the Romanovsky-Giemsa method
and toluidine blue. Microscopy was performed with
magnification of 10x100.
DNA isolation and real-time PCR
All 33 samples were subjected to DNA analysis.
DNA was extracted according to the manufacturer’s
protocol using the commercial kit PureLink®
(Genomic DNA Kits, Invitrogen, Life technologies)
based on the selective binding to silica membranes
in the presence of chaotropic salts. Real-time PCR
analysis was performed by using the commercial
kit RIDA®GENE Pneumocystis jirovecii (R-Biofarm
AG) with amplification of a DNA fragment of the
mitochondrial large subunit gene, specific for
P. jirovecii. The kit contains internal control that
monitors PCR inhibition and confirms whether
nucleic acid extraction is successful. The reaction
was carried out in LightCycler®480 II, Roche.
RESULTS
For a period of 20 months a total of 33 samples
were tested by real-time PCR for the presence of
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P. jirovecii DNA. Twenty-two samples were from
patients without established HIV infection or AIDS,
from immunocompetent or patients with other
form of immunosuppression, and 11 were from HIVinfected persons (Table 1).
In the group of HIV-positive patients we found 8
positive samples (72.7%). Among HIV-negative
patients there was a significantly fewer number
of positive results – 3 (13.6%). P. jirovecii DNA was
found in clinical materials from induced sputum

(n = 10) and tracheal aspirate (n = 1).We prepared
stained smears from 15 samples for light microscopy
diagnosis and results were negative. The same 15
samples were tested by real-time PCR and 12 of
them were negative, but in 3 there was amplification
of the target sequence.
The affected persons were aged from 0 to 49 years.
The largest number of cases was in the age group
30-34 years, followed by 0-4 years and 45-49 years
(Table 2).

Table 1. Distribution of pneumocystosis cases by primary diagnosis.
Primary diagnosis

Number of
cases

Positive for P.
jirovecii DNA

Positive
cases in %

HIV

11

8

72.7

Following liver transplantation

2

0

0

Patients with severe pneumonia

17

3

17.6

Other (respiratory distress syndrome, death
of a newborn, nephrotic syndrome with acute
respiratory failure)

3

0

0

Table 2. Distribution of cases by age group.
Age group

04

59

1014

1519

2024

2529

3034

3539

4044

4549

5054

5559

6064

7579

Number
of tested
persons

8

0

0

6

1

3

4

4

1

3

1

0

1

1

P. jirovecii
DNA-positive
persons

2

0

0

1

0

1

3

1

1

2

0

0

0

0

DISCUSSION
Transmission of P. jirovecii in the human population
is airborne. There is an assumption that about 95%
of people are infected during childhood but healthy
adults are asymptomatic carriers. The disease usually
develops in cases of compromised immunity. The
prevalence of HIV-associated P. jirovecii pneumonia
varies worldwide: in Europe it is about 16%, in
Africa reaches 39% and in Southeast Asia (Malaysia)
– up to 63% (2, 13). Data on the prevalence of P.
jirovecii in Bulgaria are limited. Kurdova et al. (2004)
reported results of an 11-year study (1993-2003)
on opportunistic parasites causing morbidity in

26

HIV-infected persons. Among the 165 patients
examined with microscopy 10 (6.06%) were with
positive results for pneumocystosis (14). Our
study showed significantly larger percentage of
pneumocystosis cases among HIV-infected people
(72.7%). We believe that this is due to the higher
sensitivity of PCR techniques in general, as well as
the small number of examined patients and the
shorter study period. Our data suggest that besides
in HIV-infected, the disease is registered also in other
cases of compromised immunity: 4- and 6-monthsold infants (n = 2) and a boy at the age of 15 years
who developed PCP in association with congenital
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agranulocytosis and massive immunosuppressive
therapy. In this respect, our data correlate with data
in the literature. Ten of the patients with P. jirovecii
infection were male (90.9%) and only 1 person was
an HIV-positive female.
According to the Centres for Disease Control and
Prevention (CDC, USA), P. jirovecii infection mortality
in untreated immunocompromised patients is
100% and is reduced to 5-40% with aetiological
treatment (15). Therefore, it is essential to determine
the aetiological diagnosis promptly and initiate
treatment. According to literature data, the type of
clinical specimen and choice of diagnostic method
are important factors for a better diagnosis.
Laboratory diagnosis of PCP using bronchoalveolar
lavage fluid exhibits sensitivity of 98% or higher and
this is the preferred material, although sensitivity
with induced sputum (50-90%) is also acceptable (3,
16). According to some authors, PCR methods have
the highest detection limits, whereas for microscopic
methods they are significantly lower. According
to Doyle et al. (2017), sensitivity of toluidine blue
staining is between 71.4% and 85.7% depending on
the type of clinical specimen, for histology – 71.4%75% and surprisingly low for cytology – 43%. As for
PCR, data shows 100% sensitivity. The same team
established that PCR-based methods have negative
predictive value of 100% and positive predictive
value of 93.1% (11). Therefore, it is not uncommon
to detect the presence of P. jirovecii DNA with realtime PCR, even though microscopic examination
shows negative result (16). Data obtained from our
survey, despite being limited, confirms this fact.
CONCLUSIONS
Although limited in extent, this is the first realtime PCR study on the distribution of human
pneumocystosis in our country. PCR methods
provide new opportunities for the diagnosis of
Pneumocystis pneumonia with higher sensitivity

and specificity than microscopic methods. PCR
techniques also enable detection of P. jirovecii
even at low pathogenic load compared to
conventional microscopic methods. The small
amount of pathogens in the clinical material may
be due both to the level of immunosuppression
and the initial stage of disease. Early diagnosis
and initiation of treatment improves the chances
of a favourable patient outcome.
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ABSTRACT
Worldwide, 30% of cases of infectious diarrhoea are
caused by bacterial pathogens. As in other countries
of the European Union, in Bulgaria the most common
etiological agents are Escherichia coli (STEC), Salmonella
spp., Shigella spp., Campylobacter spp. and Yersinia
enterocolitica. Acute gastroenteritis and enterocolitis
infections are most common in young children. According
to our survey, the leading pathogens for 2014-2018 are
Salmonella spp., E. coli (EPEC, ETEC) and Campylobacter
spp. The rate of infections caused by Shigella spp. is
relatively high compared to other European countries.
The number of enterocolitis cases of undefined aetiology
continues to increase because of the neglect towards
diarrhoeal syndrome by patients who rarely visit a doctor
or do not seek medical attention at all.
KEYWORDS:
enterocolitis, Salmonella spp., E. coli, Campylobacter spp.,
Shigella spp.
INTRODUCTION
Acute infectious diarrhoea has a major role in infectious
pathology, with the most affected groups being young
children and immunosuppressed patients. Worldwide,
there are around 1.5 billion cases of acute enterocolitis
every year. The etiological structure of acute infectious
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geographic regions. Bacterial pathogens account for
30% of cases of infectious diarrhoea and the most
common etiological agents are E. coli (STEC), Salmonella
spp., Shigella spp., Campylobacter spp. and Yersinia
This report describes surveillance data on laboratorydiagnosed infections caused by seven foodborne or
waterborne enteric bacterial pathogens for the last five
years in Bulgaria.
MATERIAL AND METHODS
Infection cases, incidence and trends
In Bulgaria over the last five years intestinal infections
account for 42.27% of registered cases of acute infectious
diseases. Acute enterocolitis and gastroenteritis comprise
81.38% of all intestinal diseases and are most common in
young children (4, 6). The etiological structure of acute
infectious diarrhoea caused by bacterial pathogens is
presented in Fig. 1. Bacteriological conﬁrmation of the
disease relies on isolation of the organism from stool
samples. The distribution of bacterial isolates in cases of
acute infectious diarrhoea in Bulgaria is presented in Fig.
2-7.
Salmonella species are the leading bacterial agents
of enterocolitis in Bulgaria. A total of 1780 strains of
Salmonella enterica were confirmed at the National
Reference Laboratory (NRL) of Enteric Pathogens. For the
last five years the most commonly found serotypes were: S.
Enteritidis – 52.25%, S. Typhimurium – 12.36%, Salmonella
1,4,[5],12:i:- – 11.24%, S. Derby – 7.30%, S. Infantis – 5.9%, S.
Schleissheim – 2.95%, other serotypes – 8%. These results
coincide with other data on the most frequently isolated
Salmonella spp. in Bulgaria (Enteritidis and Typhimurium)
(5). Serotype distribution is presented in Fig. 8.
In the last five years have been reported several
foodborne outbreaks involving S. Enteritidis. There were
three outbreaks in the cities of Ruse and Varna in 2015,
also Pleven and Veliko Tarnovo – in 2016, Stara Zagora –
in 2018 and every year in the city of Sofia. In 2018 was
reported an outbreak caused by the previously not
described in Bulgaria S. enterica subsp. enterica serovar
London, affecting only medical staff in two healthcare
establishments. Furthermore, since 2016 culture isolation
of single-phase Salmonella Typhimurium (1,4,[5],12:i:-)
has been significantly increasing.
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Figure 1. Etiological structure of acute infectious diarrhoea caused by bacterial pathogens over the last five
years 2014 - 2018.

Figure 2. Distribution of shigellosis 2014-2018.

Figure 3. Distribution of E. coli enteritis 2014-2018.
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Figure 4. Distribution of salmonellosis and typhoid fever 2014-2018.

Figure 5. Distribution of campylobacteriosis 2014-2018.

Figure 6. Distribution of yersiniosis 2014-2018.
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Figure 7. Distribution of enterocolitis 2014-2018.

Figure 8. Distribution of Salmonella serotypes in Bulgaria 2014-2018.

Typhoid fever is an infectious disease occurring primarily

The recently increasing number of human isolates of S.

in developing countries, while in developed countries it is

enterica subsp. enterica serovar Paratyphi B biovar Java is

still conﬁned to returning travellers or contacts of patients

often associated with illnesses manifesting as prolonged

(8, 9). There have been a few cases of Salmonella Typhi over

fever with or without other systemic symptoms. All

the last five years – sporadic cases in patients arrived from

Paratyphi isolates were confirmed as biovar Java by a

abroad (India, Pakistan, Thailand, etc.) and an epidemic

PCR-based method at the NRL of Enteric Pathogens,

outbreak affecting six patients in a hospice in 2014.

NCIPD.
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Although Salmonella is the most commonly reported

sanitary and hygienic conditions are indicated as the

causative agent of bacterial enterocolitis, the number of

main factor for the spread of infection.

enterocolitis infections of undefined aetiology continues

E. coli enteritis is most common in infants and young

to increase.

children. According to the database collected at the NRL

In our country, shigellosis morbidity is higher compared

of Enteric Pathogens, the leading etiological agents are

to other European countries. The leading etiological

EPEC O6 in 55% of the cases, followed by EPEC O127

agents are Shigella flexneri – 80%, followed by Shigella

and O44 (Fig. 9). To date, there is no registered case of

sonnei – 16% and Shigella boydii – 2%. Most cases of

infection caused by Shiga/Vero toxin-producing E. coli in

shigellosis affect minority populations. The underlying

Bulgaria.

Figure 9. Distribution of E. coli serotypes in Bulgaria 2014-2018.
All registered cases of yersiniosis were laboratory-

systems) as they are quicker and easier to perform than

confirmed with the isolation of Y. enterocolitica. There is a

traditional culture methods. Also laboratories could

steady trend in the reporting of sporadic cases mostly in

examine pathogens that are not often included in the

immunosuppressed patients or those with concomitant

routine stool culture. Nevertheless, it should be noted

illnesses.

that each year there is an increase in the number of

The incidence of Campylobacter infections, taking into

Campylobacter clinical isolates sent for microbiological

account only cases with positive culture results, was

confirmation to the NCIPD.

significantly lower in Bulgaria compared to other EU
countries (7). A confirmed bacterial infection is defined

RESULTS

as isolation of the bacterium from a clinical specimen by

Routine stool cultures performed in clinical laboratories

culture. However, pathogen detection could be affected

typically include methods that identify only Salmonella,

by laboratory testing practices. The unwillingness to

Campylobacter, Shigella, E. coli (EPEC, ETEC, EIEC) and one

perform laboratory diagnosis impedes the determination

of the Shiga toxin–producing types of E. coli O157 for

of the actual morbidity due to campylobacteriosis which

some laboratories.

is a leading disease among foodborne infections in the

In the last five years, intestinal infections comprise 31.02%

EU countries. Pathogen detection could be enhanced if

of the recorded acute cases of infectious diseases in the

clinical laboratories adopt DNA-based tests (automated

country. Acute gastroenteritis and enterocolitis remain
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TOXOCARIASIS - WHAT DO WE KNOW?

HAPPY ANNIVERSARY!
On October 1st, 2019 Prof. Petar Andonov is
celebrating his 100th anniversary. He is a prominent
Bulgarian virologist with significant merits for the
development of medical virology in this country.
Prof. Peter Andonov, MD was born in 1919 in
Kyustendil. He studied medicine in the Medical
Faculty of Sofia University. He was the first PhD
student from Bulgaria at the Dmitry Ivanovski
Institute of Virology in Moscow, Russia. He is
the founder of the Virology Department at the
National Center for Infectious and Parasitic
Diseases in Sofia. The new building of the
Department located on 44A Gen. Stoletov Blvd,
was erected in 1958 and prof. Andonov was the
first head of the department. On his initiative, the
Hygienic-Epidemic Stations (HES), now Regional
Health Inspectorates (RHI) were established
with specialized units for virology research. In
1962 Prof. P. Andonov started for the first time
teaching virology at the Faculty of Biology at
Sofia University “St. Kliment Ohridski” and it is
his contribution the Biological faculty to be a
continuous training ground for young virologists.
During his professional career, he held a number
of responsible positions, including Deputy
Minister of Health from 1977 to 1981, Rector of the
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Higher Medical Institute in Sofia (1981 - 1985) and
Editor-in-Chief of the “Health Front” newspaper
(1960 – 1966). The first textbook on virology in
Bulgarian was also written by Prof. Andonov. He is
the author of more than 200 scientific papers and
reviews on current problems of virology, as well as
more than 15 patents and inventions. Prof. Peter
Andonov has established and chaired for fifteen
years the Specialized Scientific Council of Virology
at the Higher Attestation Commission. He is also
one of the co-founders of the First International
Committee on Classification and Nomenclature
of Viruses in Moscow, Russia. He has also been a
longtime expert at the WHO.
Prof. Peter Andonov is among us, enjoying a good
health and continuing to be interested in the
progress of virology science and the development
of the scientific careers of the staff at the Department
of Virology at the National Center for Infectious and
Parasitic Diseases..
We, the colleagues from the National Center for
Infectious and Parasitic Diseases express our
congratulations on the occasion of the 100th jubilee
birthday of Prof. Peter Andonov, and wish him good
health.
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