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Mycogenic sensitization as a risk factor for cardiovascular complications in arterial hypertension
Dielievska V. Yu. Kravchun P. G.
Summary
The aim of the work was to study the prevalence of mycogenic sensitization in arterial hypertension (AH) and its relationship with the disease severity, progression of chronic heart failure (CHF) and contractilic function of myocardium. 44 patients with II and III stages of AH and II - III functional classes of CHF by NYHA (mean age 62.3 ± 1.7 years, 24 males and 20 females) were examined for the presence of mycogenic sensitization. The levels of serum specific IgE antibodies (sIgE) were measured to Candida maltosa, Saccharomyces cerevicae, Candida albicans, Candida crusei, Aspergillus fumigatus, Aspergillus flavus, Aspergillus niger, Penicillium chrysogenum, Penicillium tardum, Penicillium expansum, Alternaria tenuis, Trichophyton rubrum, Fusarium oxysporum, Cladosporium herbarum, Rhizopus nigricans, Mucor pusillus by an ELISA. The presence of mycogenic sensitization was determined at the level of sIgE > 50 KU/l.

Results. The presence of IgE-mediated hypersensitivity to fungal antigens was revealed in 40.9% of patients with AH. In patients with III stage of AH, in comparison to the patients with II stage of AH, a greater prevalence and severity of mycogenic sensitization were noted, as well as a poly-sensitization to fungi of Aspergillus, Candida and Alternaria species, in particular to Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus, Candida maltosa, Candida albicans and Alternaria tenuis. Progression of CHF, as well as worsening of the contractility of myocardium, was associated with increased mycogenic sensitization to this spectrum of fungi. Moreover, patients with decreased systolic function of myocardium were characterized not only by a greater prevalence of increased sIgE to Aspergillus, Candida and Alternaria species (in particular to Aspergillus niger and Alternaria tenuis), but also by a higher incidence of paucisensitization of high degrees.

Conclusions. Mycogenic sensitization to Aspergillus, Candida and Alternaria species might be considered as a risk factor for cardiovascular complications in arterial hypertension.
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Introduction
The prevalence of arterial hypertension (AH) is about 30-45% of the total population and is gradually increasing while aging. It is known, that the presence of high blood pressure increases the risk of development of chronic heart failure (CHF) by 4 times. Increased blood pressure and remodeling of the blood vessels leads to cardiac overloading by pressure and compensatory remodeling of the heart, which in turn is a risk factor for atrial fibrillation, CHF and sudden death [1]. The attention of researchers is drawn to the association of risk factors with the occurrence of cardiovascular complications and progression of CHF. Thus, the role of pathogenic microbiota in the initiation of an inflammatory response in CHF is being discussed [2, 3]. In particular, a significant association of colonization of Candida species of the intestinal mucosa with increased intestinal permeability and severity of CHF was noted [4]. Researchers consider, that translocation of gut flora or their toxins to the bloodstream is a trigger of systemic inflammation in CHF. Such translocation of gut flora antigens may cause sensitization of the organism, which in turn worsens the adequate immune status and response to fungal pathogens and increases intestinal permeability. Increased sensitization to the pathogens was observed in a number of diseases and is often associated with an unfavorable prognosis [5, 6, 7]. Thus, the aim of the present study was to investigate the prevalence of fungal sensitization in AH and CHF and its relationship with the disease severity and cardiovascular complications.
Materials and methods
A total of 44 patients with AH and CHF aged 62.3 ± 1.7 years (24 males and 20 females, among them 21 patients with II stage of AH and 23 patients with III stage of AH) were examined. 20 volunteers without AH and cardiovascular diseases of mean age 57.2 ± 1.3 years served as controls. AH was diagnosed according to the criteria recommended by the European Society of Hypertension and the European Society of Cardiology (Mancia et al., 2013). The presence of CHF was established according to the criteria of CHF by NYHA. A test with a 6-minute walk was used for determination of functional class (FC) of CHF [8]. II FC of CHF was defined in 19 patients, III FC – in 25 patients. The patients denied a history of any allergic disease, including asthma, athopic dermatitis, eosinophilic esophagitis and others. The study of morphological and functional characteristics of the left ventricle (LV) of the heart was performed by echocardiography.

The presence of mycogenic sensitization was determined by an ELISA kit (Immunotex, Stavropol). The levels of serum specific IgE antibodies (sIgE) were measured to Candida maltosa (C. maltosa), Saccharomyces cerevicae (S. cerevicae), Candida albicans (C. albicans), Candida crusei (C. crusei), Aspergillus fumigatus (A. fumigatus), Aspergillus flavus (A. flavus), Aspergillus niger (A. niger), Penicillium chrysogenum (P. chrysogenum), Penicillium tardum (P. tardum), Penicillium expansum (P. expansum), Alternaria tenuis (A. tenuis), Trichophyton rubrum (T. rubrum), Fusarium oxysporum (F. oxysporum), Cladosporium herbarum (Cl. herbarum), Rhizopus nigricans (R. nigricans), Mucor pusillus (M. pusillus). The presence of mycogenic sensitization was determined at a level of sIgE > 50 KU/l. The severity of mycogenic sensitization was assessed according to the level of sIgE: mycogenic sensitization of the I degree – 50–100 KU/l, II degree – 100–200 KU/l, III degree – 200–400 KU/l, as recommended by the manufacturer.

The data were statistically processed using Statistica for Windows 10.0. Statistical difference was considered as significant at p values less than 0.05.
Results
The presence of mycogenic sensitization was revealed in 6 patients with II stage of AH (28.5%) – to A. niger, P. tardum, A. fumigatus (N = 1), A. niger, P. tardum (N = 1), A. flavus, F. oxysporum (N = 1), A. flavus, C. crusei (N = 1), F. oxysporum (N = 2). In patients with III stage of AH, the presence of mycogenic sensitization was revealed in 12 patients (52.1%) – to A. flavus, T. rubrum, Cl. herbarum (N = 2), A. fumigatus, A. niger (N = 3), C. albicans, A. niger, P. expansum, P. chrysogenum (N = 1), M. pusillus, C. crusei (N = 1), A. flavus, F. oxysporum (N = 1), C. maltosa, A. tenuis (N = 2), A. niger, C. albicans (N = 1), A. tenuis, A. flavus (N = 1).

When comparing the occurrence of sensitization to specific species of antigens (n), patients with III stage of AH as compared to II stage of AH were characterized by a significant increase of the incidence of sensitization to Aspergillus species (n=12 and n=5, respectively), Candida species (n=5 and n=1, respectively) and Alternaria tenuis (n=3 and n=0, respectively) (Table 1). Among Aspergillus species the sensitization of the patients with III stage of AH was observed to A. niger (n = 5), A. flavus (n = 4) and A. fumigatus (n = 3), among Candida species – to C. albicans (n = 3), C. maltosa (n = 2) and C. crusei (n = 1).

In patients with III stage of AH mycogenic sensitization of high degrees was observed more often. Thus, mycogenic sensitization of II degree was detected in 5 cases of patients with III stage of AH and in 1 case of patients with II stage, while III degree – in 7 cases with III stage of AH and in 1 case with II stage. The highest sensitization in patients with II stage of AH was observed to A. flavus (III degree) and A. niger (II degree), while in the case of III stage of AH – to C. albicans, C. maltosa, A. fumigatus, A. flavus (III degree) and A. niger, M. pusillus, A. flavus (II degree).

Table 1. Frequency and severity of mycogenic sensitization in patients with AH

	Degree of mycogenic sensitization
	II stage of AH

28.5

(N=6)
	III stage of AH

52.1

(N=12)

	I
	n=9
C. crusei (n=1), A. fumigatus (n=1), F. oxysporum (n=3), A. niger (n=1), P. tardum (n=2) A. flavus (n=1)
	n=16
A. fumigatus (n=1), A. flavus (n=1), A. niger (n=3), C. crusei (n=1), P. chrysogenum (n=1), P. expansum (n=1), A. tenuis (n=3), T. rubrum (n=2), Cl. herbarum (n=2), F. oxysporum (n=1)

	II
	n=1
A. niger (n=1)
	n=5
A. flavus (n=2), A. niger (n=2),  M. pusillus (n=1)

	III
	n=1
A. flavus (n=1) 
	n=7
C. maltosa (n=2), C. albicans (n=2), A. fumigatus (n=2), A. flavus (n=1)


Note: N – the number of the sensitized patients, n – the frequency of sensitization to a particular type of fungus.

It should be noted, that in patients with II-III stages of AH, there was an association of an increase of sIgE to one types of fungal antigens with a decrease of sIgE to the other types of fungal antigens. The decrease of sIgE was detected in 4 patients with II stage of AH – to R. nigricans, C. albicans (N = 1), M. pusillus, R. nigricans (N = 1), A. flavus (N = 2) and in 7 patients with III stage of AH – to F. oxysporum (N = 3), A. flavus, P. tardum (N = 1), P. chrysogenum (N = 1), P. expansum (N = 1), C. albicans, A. tenuis (N = 1).

For the reason to analyze the effect of mycogenic sensitization on the contractility of the left ventricle of myocardium, the patients with III stage of AH were divided into 2 groups according to the level of the left ventricle ejection fraction (LVEF) – with LVEF < 50% (N = 7) and LVEF > 50% (N = 5) (Table 2). It was found, that in the group of the patients with LVEF < 50% as compared to the group with LVEF > 50%, sensitization to Aspergillus (n = 8 and n = 4, respectively) and Candida species (n = 4 and n = 1, respectively) was more common. By specificity of the sensitization the patients with LVEF < 50% responded to A. flavus (n = 3), A. niger (n = 3), A. fumigatus (n = 2) and C. albicans (n = 2), C. maltosa (n = 2), whereas the group with LVEF > 50% – to A. niger (n = 2), A. flavus (n = 1), A. fumigatus (n = 1) and C. crusei (n = 1).

When studying the severity of mycogenic sensitization depending on the LVEF in the patients with III stage of AH, it was found, that a decrease of the LVEF < 50% was associated with a high incidence of severe sensitization. Thus, III degree manifested in 6 cases – to C. albicans (n = 2), C. maltosa (n = 2), A. fumigatus (n = 2) and II degree – in 3 cases – to A. flavus (n = 2) and A. niger (n = 1), whereas in patients with III stage of AH and LVEF > 50% high and medium degrees were less frequent and were observed to A. flavus (III degree, n = 1), A. niger (II degree, n = 1) and M. pusillus (II degree, n = 1).

Table 2. The severity of mycogenic sensitization depending on the contractility of the left ventricle of myocardium in patients with III stage of AH 
	Degree of mycogenic sensitization
	Patients with III stage of AH and LVEF > 50 %,

N=5
	Patients with III stage of AH and LVEF < 50 %,

N=7

	I
	n=5
C. crusei (n=1), A. niger (n=1), F. oxysporum (n=1), A. fumigatus (n=1), A. tenuis (n=1)
	n=11
P. expansum (n=1), Cl. herbarum (n=2), A. tenuis (n=2), A. niger (n=2), T. rubrum (n=2), P. chrysogenum (n=1)

	II
	n=2
M. pusillus (n=1), A. niger (n=1),
	n=3
A. niger (n=1), A. flavus (n=2)

	III
	n=1
A. flavus (n=1)
	n=6
C. albicans (n=2), A. fumigatus (n=2), C. maltosa (n=2)


Note: N – the number of patients, n – the frequency of sensitization to a particular type of fungus.

An important difference among the patients with III stage of AH and LVEF < 50% was the simultaneous presence of a high degree sensitization to more than one type of fungal pathogen. Thus, in III stage of AH and LVEF < 50 % associations of III and II degrees of sensitization to two types of fungi were revealed in 3 of 7 patients, while in patients with LVEF > 50% – only in 1 of 5 cases.

Spearman correlation analysis showed, that LVEF correlated negatively with sIgE to A. flavus (r = -0.33, p <0.05), A. niger (r = -0.34, p <0.05) and A. tenuis (r = -0.47, p <0.05).

Since echocardiographic data do not always come along with the clinical manifestations of myocardial dysfunction, patients with III stage of AH were divided into two groups according to the FC of CHF – II FC of CHF (N = 19) and III FC of CHF (N = 25) – to analyze the relationships between clinical manifestations of CHF and the severity of mycogenic sensitization.

Thus, in the group with a more severe course of CHF a relatively higher prevalence of sensitization was noted (N = 10 and N = 7, respectively) (Table 3). Patients with III FC of CHF had a high incidence of sensitization to Aspergillus species (n = 13), Candida species (n = 4) and Alternaria tenuis (n = 3): to A. niger (n = 6), A. fumigatus (n = 3), A. flavus (n = 4), C. maltosa (n = 2), C. albicans (n = 2), A. tenuis (n = 3). Most often, in the group with III FC of CHF, in contrast to II FC of CHF, the sensitization was observed to A. niger (N = 5 patients from 10) and A. tenuis (N = 3 patients from 10).

In patients with III FC of CHF, a greater incidence of mycogenic sensitization of III and II degrees (n = 7, n = 4, respectively) was noted in comparison to patients with II FC of CHF (n = 1, n = 1, respectively). A high degree of mycogenic sensitization was observed to Aspergillus species: to A. fumigatus (n = 2), A. flavus (n = 1) and Candida species: to C. maltosa (n = 2), C. albicans (n = 2) and moderate degree – to A. niger (n = 2) and A. flavus (n = 2).

Table 3. Characteristics of mycogenic sensitization in patients with AH depending on the severity of CHF
	Degree of mycogenic sensitization
	II FC of CHF

N=7
	III FC of CHF

N=10

	I
	n=9
C. crusei (n=2), A. niger (n=2), F. oxysporum (n=2), A. fumigatus (n=1), A. flavus (n=1), P. tardum (n=1), A. tenuis (n=1)
	n=14
P. expansum (n=1), Cl. herbarum (n=2), A. tenuis (n=3), A. niger (n=4), A. fumigatus (n=1), P. tardum (n=1), A. flavus (n=1), T. rubrum (n=2), P. chrysogenum (n=1), F. oxysporum (n=2)

	II
	n=1
M. pusillus (n=1),
	n=4
A. niger (n=2), A. flavus (n=2)

	III
	n=1
A. flavus (n=1)
	n=7
C. albicans (n=2), A. fumigatus (n=2), C. maltosa (n=2), A. flavus (n=1)


Note: N – the number of the sensitized patients, n – the frequency of sensitization to a particular type of fungus.
Discussion
Production of antibodies that are specific for allergens is an important process of the immune system. The antibodies against C. albicans, participant of the normal microbial flora of an intestinal tract, are normally present in the serum. However antibodies of IgE class appear as a result of impaired immune response to the pathogens. It is not yet known how specific Candida IgE antibodies are produced. It is believed, that production of specific IgE antibodies against fungi occurs through their temporal systemic dissemination from the intestinal tract caused by different factors, e.g. immunosuppression. The reported overgrowth of Candida species in the intestinal tract in CHF [4] may induce immunogenic stimulation to produce specific IgE or IgG antibodies. It has been clearly shown, that measurement of serum IgE, but not IgG antibodies makes clear distinction between invasive infection and mucous colonization [9]. J. Savolainen et al. underline, that determination of anti-Candida antibodies of IgG and IgM classes has low sensitivity and specificity [10]. Despite the existence of protective anti-Candida antibodies [11, 12], very little is known about the existence and their impact in clinical setting [13]. Consequently, the present study of serum IgE immune response to fungal pathogens in AH helps to reveal with high specificity and sensitivity the role of mycogenic sensitization in CHF and association with cardiovascular complications.

The conducted study in patients with AH and CHF allowed to reveal a high prevalence and degree of sensitization to the mold and yeast fungi in the presence of complications of the disease.

Thus, the patients with III stage as compared to II stage of AH were characterized by a greater prevalence and severity of mycogenic sensitization, as well as by the presence of poly-sensitization to more than one type of fungi. Such poly-sensitization could be due to cross-reactivity between mould antigens. Hemmann et al. suggest that Aspergillus and Candida antigens may share IgE binding epitopes [14]. However Spark et al. believe that mould sensitization reactions are commonly due to sensitivity to multiple antigens rather than cross reactivity [15].

The patients with III stage of AH and decreased LVEF as compared to preserved LVEF were characterized by a higher frequency and severity of sensitization to the yeast fungi of Candida species and mold fungi of Aspergillus species. Of special interest in this category of patients was the presence of high degree paucisensitization to more than one type of fungal pathogen. The term “paucisensitization” was used to describe sensitization to 2 antigens due to proposal of Jong et al [16].

Our study also demonstrated, that the worsening of CHF was accompanied by an increased serologic IgE immune response to Aspergillus, Candida and Alternaria species, with a high frequency of sensitization to A. niger and A. tenuis and a high degree – to C. maltosa, C. albicans, A. flavus, A. fumigatus and A. niger.

Thus, according to the obtained data, the increase of sIgE antibodies to mold (A. flavus, A. fumigatus, A. niger, A. tenuis) and yeast (C. maltosa, C. albicans) fungi along with a decrease of sIgE antibodies to the other types of fungi testify to the worsening of the course of AH with a risk of cardiovascular complications and progression of CHF. Thus, it can be assumed, that complications of AH might be associated with the presence of mycogenic sensitization to fungal pathogens of the “risk group” – of Aspergillus, Alternaria and Candida species. Is the observed reduction of the level of sIgE to some fungi is caused by their fixation in organs and tissues requires studies with a use of morphological methods. 

It is known, that decreased cell-mediated immunity causes susceptibility to infections caused by organisms, which are normally nonpathogenic [17]. The correlation between elevated IgE and defective cell-mediated immunity, as indicated by reduced leukocyte and lymphocyte responsiveness to phytohemagglutinin in patients, who have low levels of T cells and impaired TH1 / TH2 response [9], suggests a relationship between enhanced IgE immune response to fungi and decreased T cell immunity. This point is supported by our previous study, that showed a decrease of cell-mediated immunity, and especially lack of CD8+ cells, in patients with remodeling of the left ventricle [18]. 

Thus, studies are under way to evaluate the possibility, that increased sIgE to Aspergillus, Candida and Alternaria species in patients with complications of AH and progressive CHF are caused by the defect in cell-mediated immunity – a reduction of T “suppressors”, that normally mediate IgE levels – or testify to the point, that fungal overgrowth reported in CHF leads to alterated T-cell response, that results in mycogenic sensitization.
Conclusions
Mycogenic sensitization was observed in 40.9% of patients with AH. It was revealed, that 29.5% of them were sensitized to Aspergillus species and 13.6% – to the antigens of Candida species. It was shown, that the presence of mycogenic sensitization to C. maltosa, C. albicans, A. niger, A. flavus, A. fumigatus and A. tenuis, as well as a paucisensitization of high degrees, increase the severity of AH, progression of CHF and worsen the systolic function of the left ventricle of myocardium.
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