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PREDICTIVE VALUE OF INFLAMMATORY CYTOKINES IN PREDICTING
THE RISK OF PROLIFERATIVE DIABETIC RETINOPATHY

e-mail: sabinamedjidova@gmail.com

A retrospective clinical and immunological study determined the diagnostic value of inflammatory cytokines in
predicting the development of proliferative diabetic retinopathy. 82 patients with diabetes mellitus were divided into two groups:
group 1 — 40 patients without developing proliferative complications of diabetic retinopathy and group 2 — 42 patients with the
transition of non-proliferative diabetic retinopathy to proliferative one. In the blood of patients of the second group, there was a
significantly higher level of concentration of the cytokines TNF-a (Pu=0.001), IL-1p (Pu<0.001), IL-8 (Pu<0.001) in the absence
of significant changes in the cytokine IL-4 (Pu=0.094; Pu=0.073). The distribution of the balance of cytokines towards pro-
inflammatory ones indicates the critical role of systemic inflammation along the type 1 T-helper pathway in the pathogenesis of
proliferative diabetic retinopathy. The values of TNF-a cytokines above the level of 6.3 pg/ml (test sensitivity 71.4 %, specificity
65.0 %), IL-1P above 11 pg/ml (test sensitivity 69.0 %, specificity 87.5 %), IL-8 above 28 pg/ml (test sensitivity 81.0 %, specificity
65.0 %) can be used as criteria for predicting a high risk of developing proliferative diabetic retinopathy.

Key words: diabetic retinopathy, tumor necrosis factor-a, interleukin-18, interleukin-8, interleukin-4, prognosis criteria,
inflammation.

C.P. Mex:xunoBa

IPEJUKTOPHA JIATHOCTUYHA IIHHICTD IIUTOKIHIB 3AITAJIEHHS
Y IPOTHO3YBAHHI PU3UKY PO3BUTKY MPOJI®EPATUBHOI JIABETUYHOI
PETUHOIIATII

VY pe3ynpTarti peTpoCHEeKTUBHOTO KIIIHIKO-IMYHOJIOTIYHOTO JOCTIPKCHHS BU3HAYEHO AIarHOCTUYHY iH(OPMATHBHICTH
LUTOKIHIB 3aMajeHHs Y MPOTHO3i PO3BUTKY HpoidepatuBHOl AiabeTn4HOi peTuHONATii. 82 mamieHTH 3 LyKpoBUM AiabeToM Oyiio
MOAIJIEHO Ha JBi rpymu: nepuia rpyna — 40 mamieHTtiB 6e3 po3BUTKY HpoiidepaTUBHUX YCKJIAQJHEHb 1ia0eTHYHOI PEeTHHONATIT;
Ipyra rpyna — 42 marieHTH 3 epexonoM HemnporidepaTuBHoi qiabeTHaHOI peTHHONATII 0 MpostidepaTHBHOI. Y KPOBI MalieHTIB
Jpyroi Tpymd JOCTOBIPHO Bif3HauaBcsi BHUIUME piBeHb KoHueHtpauii uutokiHiB TNF-o (Pu=0,001), IL-1f (Pu<0,001), IL-8
(Pu<0,001) 3a BigcyTHOCTi 3HauHHMX 3MiH 1HUTOKiHY IL-4 (Pu=0,094) ; Pu = 0,073). Posmoain OanaHCy IMTOKiHIB y Oik
Npo3anajbHUX CBIUUTH PO BAKIMBY pPOJIb CHCTEMHOIO 3allajieHHss o T-xemmepHoMy HUIIXy Tumy | B maroreHesi
npostiepaTuBHOI AiabeTnyHOi peTuHonarii. 3HaueHHs nuTokiHiB TNF-a Buie 3a piBens 6,3 nr/mia (dymiusicts Tecty 71,4 %,
cnenudiunicte 65,0 %), IL-1B Bume 11 nr/mn (dytiauBicte Tecty 69,0 %, cnenmdivynicts 87,5 %) IL-8 Bume 28 mr/mn
(ayrmuBicts Tecty 81,0 %, cnienmdignicts 65,0 %) MOXyTb OyTH BHKOPHCTaHI B SIKOCTI KPUTEPIiB IPOTHO3Y BHCOKOTO PH3HKY
PO3BUTKY npostidepaTuBHOI AiabeTHIHOI peTHHOMATII.

KorouoBi ciioBa: niabetiyHa peTHHONATIS, (aKTOp HEKPO3y MyXJIMHH-0, IHTEepIIeHKiH- 18, inTepieiikin-8, inTepneiikin-
4, xpuTepii IPOTHO3Y, 3aMaJeHHs

Diabetic retinopathy (DR) is one of the common causes of irreversible blindness and visual
impairment [13]. The mechanism of DR's development and transition from nonproliferative diabetic
retinopathy (NPDR) to proliferative diabetic retinopathy (PDR) has been studied in detail and is presented
in numerous literature data [8, 9, 12]. The progression of DR and its transition to the proliferative stage in
patients with diabetes mellitus (DM) is an ominous signal of deterioration in both ophthalmological status
and general glycemic control. Chronic hyperglycemia, hypoxia, and inflammation are interrelated to trigger
a cascade of pathological biochemical and immunological disorders, leading to damage to the
microcirculatory bed of the retina [1] and the development of DR-specific clinical manifestations [15].

Despite the vast number of publications on the mechanism of development of DR and its treatment
methods, the pathogenesis of DR is very complex and, in many specific aspects, requires the development
of fundamentally new treatment measures and therapeutic targets. A milestone in treating PDR has begun
from the end of the 20th century to the present day. It continues with the intravitreal administration of
various drugs capable of binding the vascular endothelial growth factor (VEGF) molecule [14]. However,
in addition to the proven activation of VEGF synthesis during DR development, publications in recent
years have considered issues of detailed study of the role of other factors in the chain of links in DR
pathogenesis [11]. In the triggering of pathological reactions that can lead to DR, one of the leading roles
is played by inflammation and its active mediators — cytokines (TNF-a, IL-1p, IL-6, IL-8, IL-10, IL-17,
IL-4, MCR-1, etc.) [3, 7]. Our previous study reported the development of diabetic maculopathy and PDR
against increasing concentrations of the angiogenesis factor VEGF and inflammatory cytokines in the blood
and tear fluid (TNF-a, IL-1p, IL-8) [10]. At the same time, a positive correlation was revealed between the
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local and systemic levels of VEGF (r=0.333; p=0.031), between the central thickness of the macula and
HbAlc, VEGF, TNF-a, IL-1B, IL-8 of a high degree of significance (p<0.001). Continuing study in this
direction, it was of practical interest to calculate specific values of inflammatory cytokines to predict the
possible risk of progression of NPDR to the proliferative stage.

The purpose of the study was to evaluate at the systemic level the informativeness and diagnostic
significance of inflammatory cytokines (TNF-a, IL-1B, IL-8, IL-4) in predicting the risk of developing
proliferative diabetic retinopathy.

Materials and methods. A retrospective longitudinal study based on clinical material from the
National Center of Ophthalmology named after Academician Zarifa Aliyeva included 82 patients with
diabetes. At the initial visit, all patients had a moderate stage of NPDR. The study did not include patients
with severe NPDR at the initial visit. The study was conducted over a year in two groups of patients. The
first group (I) included 40 patients without the transition of NPDR to PDR; in the second (II) — 42 patients
with progression of NPDR to the initial stage of PDR within a year. It was of practical interest to assess
the prognostic significance of inflammatory cytokines in the progression of NPDR to the initial
stages of PDR.

After six months in group II, 64 % (27/42) progressed from NPDR to PDR, while in 36 % of 42
patients, DR persisted at the nonproliferative stage (15/42). After one year in group II, NPDR in 100 % of
patients (42/42) developed into PDR. Exclusion criteria were any other pathology of the retina (except for
NPDR), active inflammation of the eye and its adnexa, clouding of the eye's optical media, intraocular
surgery or laser intervention within the last three months, autoimmune systemic diseases, and oncological
diseases. There were no statistical differences between the groups regarding age, gender, or average
duration of diabetes. The average age of patients in the first and second groups was 57.5£8.8 and 56.0+10.5
years (p=0.581). The relative and absolute number of men was 45 % (18/40) and 52 % (22/42) (p=0.507).
The average duration of diabetes was 12.0+5.8 and 13.5+4.2 years (p=0.098). There was also no significant
difference between the groups based on the type of diabetes (p=0.264): in group 11, 52 % (22/42) of patients
suffered from type I diabetes, and in group I — 40 % (16/40). In group II, the relative number of patients
suffering from concomitant hypertension (71 % — 30/42), coronary artery disease (31 % — 13/42),
nephropathy (41 % — 17/42) and neuropathy (57 % — 24/42) was slightly higher than in group I (60 % —
24/40, 23 % —9/40, 25 % —10/40, 55 % — 22/40) without statistical significance of this difference (p=0.278,
p=0.391, p=0.138, p=0.846).

The study was conducted by the requirements of the Declaration of Helsinki after written informed
consent of all patients who took part in it (approval of the Ethics Committee of the Azerbaijan Medical
University, protocol No. 25).

To achieve this purpose, ophthalmological and immunological research methods were used.
Ophthalmological research methods: determination of the best corrected visual acuity (BCVA) (Huvitz
Chart Projector CCP-3100 (HUVITZ Co, LTD, South Korea), biomicroscopy of the anterior segment of
the eye (TOMEY TSL-5000 slit lamp, TOMEY, Japan), tonometry (non-contact tonometer FT-1000,
TOMEY, Japan), funduscopy (slit lamp TOMEY TSL-5000, TOMEY, Japan with Ocular High Mag 78D
lens, Ocular Instruments Inc., USA), optical coherence tomography (OCT) (Cirrus optical coherence
tomography HD-OCT 5000, Carl Zeiss Meditec AG, Germany), fluorescein angiography (FA) (Carl Zeiss
FF450, Germany). Objective confirmation of the progression of NPDR in these patients was the presence
of local ischemic zones on FA with increased microaneurysms, retinal hemorrhages, and newly formed
vessels.

The immunological study included determining the level of pro-inflammatory cytokines TNF-a,
IL-1B, IL-8, and anti-inflammatory cytokine IL-4 in blood serum (BS) using enzyme-linked
immunosorbent assay kits (ELISA).

The results were statistically processed using the methods of variation, dispersion, and ROC
analysis using MS Excel and IBM Statistics SPSS-26 software. The statistical significance of the
differences was assessed at p<0.05.

Results of the study and their discussion. Table 1 presents comparative results of a study of the
cytokine content in the BS in both groups of patients at their initial treatment and after a year.

The results of a comparative assessment of pro-inflammatory cytokines indicate a significant
increase in the average level of TNF-a (p<0.001; Pu=0.001), IL-1pB (p<0.001; Pu<0.001), IL-8 (p<0.001;
Pu<0.001) in BS at the initial visit of patients in group II. After a year, all patients showed progression of
NPDR to the initial stages of PDR. However, when comparing the content of the average level of anti-
inflammatory cytokine IL-4 in both groups of patients at the stage of NPDR at the initial treatment, no
significant difference was found (p=0.180; Pu=0.094).
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Table 1
Results of a comparative analysis of the cytokines’ content in BS at initial treatment
and after a year (pg/ml)
Std Std 95 % Confidence
Cytokine Group Mean Devl Er ) Interval for Mean F p Pu
' ' 1B | UB
At the initial visit
TNF-a 1 5.3 2.9 0.5 4.3 6.2 13.275 <0.001 0.001
11 7.7 3.2 0.5 6.7 8.7
IL-1p 1 7.1 3.3 0.5 6.1 8.2 40.203 <0.001 <0.001
11 12.1 3.7 0.6 11.0 13.3
IL-8 1 22.6 15.6 2.5 17.6 27.6 20.580 <0.001 <0.001
] 11 38.0 15.0 2.3 33.3 42.7
L4 1 6.5 5.3 0.8 4.8 8.2 1.831 0.180 0.094
11 8.1 5.1 0.8 6.5 9.7
After one year
TNF-a 1 5.3 2.6 0.4 4.4 6.1 28.581 <0.001 <0.001
11 8.4 2.7 0.4 7.6 9.2
IL-1p 1 7.3 3.2 0.5 6.3 8.3 64.196 <0.001 <0.001
11 12.9 3.1 0.5 11.9 13.8
IL-8 1 23.0 14.1 2.2 18.5 27.5 31.865 <0.001 <0.001
11 40.5 13.9 2.1 36.1 44 .8
IL-4 1 6.7 5.0 0.8 5.1 8.3 4.066 0.047 0.073
] 11 4.8 3.6 0.6 3.6 5.9
Note: p — value of statistical difference according to Fisher; Pu — Mann-Whitney statistical difference value.
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Test Result C Asymptotic 95 % Confidence Interval

Variable(s) Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
TNF-a 0.719 0.056 0.001 0.609 0.829
IL-1B 0.833 0.045 0.000 0.744 0.921
IL-8 0.756 0.053 0.000 0.651 0.860
1L-4 0.607 0.063 0.094 0.484 0.730

Fig. 1. ROC curves of cytokines in BS during the progression of NPDR to the early stages of PDR: a) TNF-a; b) IL-18; ¢) IL-8 d)
IL-4. The table below the graphs presents the parameters of the areas under the ROC curves, indicating the reliability values of the
sensitivity and specificity of the tests with 95 % CI.

A year later, in patients in group II, with the development of proliferative changes in DR, the trend
with a significantly higher average level of proinflammatory cytokines TNF-q, IL-1pB, IL-8 in the BS
persists according to both Fisher and Mann-Whitney (p<0.001; Pu<0.001). While the average level of IL-
4 in group II (4.8 pg/ml), being lower than in group I (6.7 pg/ml), was not statistically significant according
to Mann-Whitney (Fisher p=0.047, Mann-Whitney Pu=0.073).

To assess the quality of cytokines' predictive significance and determine their sensitivity and
specificity in predicting the development of proliferative changes in DR, a ROC analysis was carried out. The
results are sequentially presented below in the form of four ROC curves of the studied cytokines in Fig. 1.

The results of the ROC analysis allow us to conclude the statistical significance of the sensitivity
and specificity of the tests TNF-a (p=0.001), IL-1p (p<0.001), and IL-8 (p<0.001) in predicting the
progression of NPDR to PDR. This cannot be noted for the anti-inflammatory cytokine IL-4; the sensitivity
and specificity of the test were insignificant (p=0.092).

The next step was to determine the cut-off points in the coordinates of the ROC curves that were
the most distant from the reference line with the highest total value of specificity and sensitivity. The results
of calculating the specificity and sensitivity of each indicator for these points and the strength of its
influence on the development of proliferative changes in diabetic retinopathy (dispersion test using
Snedecor's F distribution) are presented in Table 2.

Table 2
Results of calculation of cut-off cytokines’ points and ANOVA analysis of variance

Stat. TNF-a IL-1B IL-8 1L-4
Limit value (cut-off) >6.3 >11 >28 >5.5
II (n) 42 42 42 42
++ 30 29 34 29
Sn 71.4 69.0 81.0 69.0
+mp 7.0 7.1 6.1 7.1
I (n) 40 40 40 40
-- 26 35 26 22
Sp 65.0 87.5 65.0 55.0
+mp 7.5 5.2 7.5 7.9
DV 56 64 60 51
% 68.3 78.0 73.2 62.2
+mp 5.1 4.6 4.9 5.4
pPV 68.2 85.3 70.8 61.7
+mp 7.0 6.1 6.6 7.1
nPV 68.4 72.9 76.5 62.9
+mp 7.5 6.4 7.3 8.2
LR+ 2.04 5.52 2.31 1.53

acceptable good acceptable not applicable
LR- 0.44 0.35 0.29 0.56
acceptable acceptable acceptable not applicable

Odds ratio 4.6 15.6 7.9 2.7
(95 % CI) (1.8-11.8) (5.0-49.0) (2.9-21.6) (1.1-6.7)
Fisher-Snedecor 12.308 39.255 22.220 5.021
p 0.001 <0.001 <0.001 0.028

Note: Sn — sensitivity; Sp — Specificity; DV — diagnostic value; ++ (--) — true-positive (negative) results; mp — 95 % confidence
interval of the results obtained; pPV (nPV) — predictive utility of a positive (negative) result; LR+ (LR-) — likelihood-ratio test of a positive
(negative) result; odds ratio (Odds ratio — OR) is a quantitative index of a relatively higher or less high risk of an event occurring in one
group compared to the risk in another.

So, thanks to the analysis, it was found that with an increase in the content of inflammatory
cytokines in the blood: TNF-a above the level of 6.3 pg/ml (test sensitivity 71.4 %, specificity 65.0 %, OR
— 4.6 %; p=0.001), IL-1pB above the level of 11 pg/ml (test sensitivity 69.0 %, specificity 87.5 %, OR —
15.6 %; p<0.001), IL-8 above the level of 28 pg/ml (test sensitivity 81.0 %, specificity 65.0 %, OR — 7.9 %;
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p<0.001) a significantly high risk of progression of NPDR in the initial stages of PDR can be predicted.
That is, these cytokine values can be used as biomarkers for predicting a high risk of developing PDR since
the likelihood ratio (LR+) is assessed as “good” or “acceptable”, and the ratio (LR-) is evaluated as
“acceptable”. For the cytokine IL-4, the 5.5 pg/ml cut-off point is not applicable for prognostic purposes.

In modern literature, the diagnostic value of increasing concentrations of inflammatory cytokines
with worsening severity of DR is considered in various aspects [3, 5, 7]. Many publications are devoted to
the comparative study of the content of cytokines TNF-a, IL-1p, and IL-8 in the blood and in various ocular
substrates (tear fluid, chamber moisture, vitreous contents) at multiple stages of DR [2, 5].

Activation of macrophages, neutrophils, eosinophils, and endothelial cells stimulates the pro-
inflammatory effect of TNF-a. This, in turn, enhances the proliferation of T and B cells, cytotoxic
lymphocytes, and phagocytosis, induces the synthesis of IL-1, IL-6, IL-2, chemoattractants, adhesive
molecules (ICAM-1, VCAM-1, etc.), and acute-phase proteins. TNF-a aggravates microcirculation disorders
by promoting increased capillary permeability and disrupting the integrity of the vascular endothelium [6].
IL-1p is one of the main inflammatory cytokines, the increase of which is due to the activation of the immune
response along the type 1 T-helper pathway and the development of inflammation and destruction processes.
A proven fact is the weakening of retinal endothelial migration and capillary morphogenesis under the
influence of TNF-a and IL-1B with increased expression of inducible NO-synthase. TNF-o and IL-1p are
important in disrupting the blood-retinal barrier and stimulating apoptosis in PDR [5]. Hyperglycemia, a
powerful trigger, stimulates the overexpression of IL-1 by the retinal endothelium in PDR. IL-1p, in turn,
maintains its expression at a high level by autostimulating endothelial and macroglial cells. IL-8 is a potent
chemoattractant, one of the active pro-inflammatory a-chemokines involved in regulating angiogenesis and
the pathogenesis of various types of inflammation characteristic of metabolic syndrome. IL-8, an indicator of
a violation of the integrity of the endothelium of diabetic vessels, is one factor in the formation of
microvascular complications in PDR [2]. Our data are consistent with studies indicating a significant increase
in these inflammatory cytokines at the systemic level during the development of PDR [2, 5, 6]. According to
the results obtained, the progression of DR and the transition of NPDR to the proliferative stage occurs against
the background of activation of systemic inflammation. This may be due to worsening hyperglycemic
conditions and impaired diabetes compensation.

IL-4 is an inducer of antibody formation and one of the important links in the chain of autoimmune
reactions. The authors of most studies, having not found significant changes in this cytokine during the
development of PDR, conclude that the balance of cytokine production is shifted towards the immune
response along the T-helper-1 mediated pathway in this microvascular complication of DM [4].

The novelty of the presented study is the calculation of specific values of TNF-q, IL-1f, and IL-8,
which can be offered as systemic markers for predicting the risk of progression of NPDR to the initial stages
of PDR. Detection of cytokine levels in the blood of a patient with NPDR that exceed critical values (TNF-a
—6.3 pg/ml, IL-1B— 11 pg/ml, IL-8 — 28 pg/ml) may indicate a high risk of developing PDR and the feasibility
of preventive anti-inflammatory treatment. The results dictate the need for further extensive studies to study
the effectiveness of specific therapy for DR aimed against increased expression of cytokines.

7L

1. The development of PDR against the background of significant growth (p <0.001) and the
distribution of the balance of cytokines towards pro-inflammatory ones (TNF-a, IL-18, IL-8) indicates the
critical role of systemic inflammation and the immune response along the type 1 T-helper pathway in the
pathogenesis of proliferative complications of retinal damage in patients with diabetes.

2. The values of TNF-a cytokines above the level of 6.3 pg/ml (test sensitivity 71.4 %, specificity
65.0 %, OR — 4.6 %; p=0.001), IL-1p above the level of 11 pg/ml (test sensitivity 69.0 %, specificity
87.5 %, OR — 15.6 %; p<0.001), IL-8 above the level of 28 pg/ml (test sensitivity 81.0 %, specificity
65.0 %, OR — 7.9 %,; p<0.001) can be used as criteria for predicting a high risk of PDR developing.
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BASEL-VANAGAITE-SMIRIN-YOSEF SYNDROME

Basel-Vanagaite-Smirin-Yosef Syndrome is a rare syndrome of genetic mental retardation caused by an autosomal
recessive mutation of the MED 25 gene. 112 case histories of patients aged 1 month-3 years old with seizures were analyzed.
During observation symptoms, characteristic for Basel-Vanagaite-Smirin-Yosef syndrome were detected. By comparing the
frequency of clinical symptoms in this patient with others, we found that this syndrome is more characterized by a combination of
sparse eyebrows and hair, wide forehead, retrognathia, hypertelorism with malformations of the brain and heart, and for early
diagnosis an approach based on deep research should be recommended. A multidisciplinary approach to symptom management
and timely initiation of prophylaxis of complications can improve the quality of life of these patients.

Key words: Basel Vanagaite-Smirin-Yosef Syndrome (BVSYS), MED25 gene, autosomal recessive type, mental
retardation, multiple congenital anomalies.

3.1I1. MypcaaoBa, H./[:x. ParimoBa, C.P. HacipoBa, A.l. A66acaJsieBa, A.@. Ajixa3oBa
CHHJIPOM BA3EJIb-BAHATAUTE-CMIPIHA-MTOCE®A

Cunapom Basens-Banaraiite-Cmipina-Foceda — pifkicHui CHHAPOM FeHETHYHOT PO3YMOBO] BiICTATOCT], 3yMOBIICHHi
ayTOCOMHO-pernecuBHOI0 MyTatieto rera MED 25. [IpoanaiizoBano 112 icTopiii XBopoOHU HawieHTiB BiKOM Bif 1 Micsius 10 3 pokiB
i3 cynomamu. 3a yac CIOCTEPEKEHHs BHABICHO CHMIITOMH, XapakTepHi M CHHApoMy Basens-Bamaraiire-Cwmipina-Hoceda.
[TopiBHIOIOYH YaCTOTY KIIIHIYHUX CUMIITOMIB y I[bOTO MAL€HTA 3 IHIIUMH, MH BCTAHOBHIIH, IO JUIS L[OTO CHHAPOMY OiJbLIOIO
MIpOIO0 XapakTepHe IO€AHAHHS PiAKUX OpiB 1 BOJOCCS, INMPOKOTO 4O0Ja, PETPOTHATII, rilepTenopu3My 3 BaJaMH PO3BUTKY
TOJIOBHOTO MO3KY Ta Ceplis, a [UIs PaHHBOI IarHOCTUKHM CIIiJI PEeKOMEHIYBaTH IMiXi/l, 3aCHOBaHHI Ha TIIUOOKHUX JOCIIPKCHHSX.
MyIbTHANCUMILTIHAPHUIN MiAXiA 10 JTiKyBaHHs CUMIITOMIB Ta CBO€YacHa MPO]iJaKkTHKA YCKIaAHEHb MOXKYTh MOKPAIIUTH SIKICTh
JKUTTS LIUX NALI€HTIB.

KuiouoBi ci10Ba: cunpom basens-Banaraiite-Cumipina-oceda (BVSYS), ren MED25, ayToCOMHO-peLECHBHUiT THII,
PO3yMOBa BiJICTaTiCTh, MHOXXHHHI BPOKEHI aHOMAJTi1.

Basel-Vanagaite-Smirin-Yosef syndrome is a rare genetic syndrome caused by an autosomal
recessive mutation of the MED 25 gene (19q13.33) [1]. This syndrome is characterised by severe
developmental delay, various craniofacial, neurological, cardiac and ocular abnormalities. Currently, this
disease has been reported in only a few patients in the world. Since 2015, 20 patients with common clinical
features and MED?25 biallelic variants have been described through whole exome sequencing, leading to a
better definition of the phenotype associated with BVSYS [2, 3].
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