woyy

-

f-p

1202/1.2/S0 U0 =G LGHIBA+ZHM8EAAIAVO/YOAEIOYIASALLIAIPOOAEIEAHIDI/ADAUMY L XOMADUOINXFOHISABZIUTMI+EYNJOI L WNO0TZ L ABYHJRGHNQUE AQ |

Medicine

IObservationaI Study RN NN

Biomarkers involved in evaluation of platelets
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Abstract \
At present, various researches presented how subtypes of hematological malignancies are related to stages of the immune |
response, because the activated immune system represents a promising form in cancer treatment. This study explores the
relationship between the adaptive immune system (T cells), and the coagulation system (platelets, platelet membrane glycoproteins,
platelets derivate microparticles) which seems to play an important role in host immune defense of patients with acute myeloblastic
leukemia (AML) or B cell lymphoma (BCL), 2 of the most common hematological malignancies subtypes.

Blood samples (n=114) obtained from patients with AML or BCL were analyzed for platelet membrane glycoproteins (CD42b,
CD61), glycoprotein found on the surface of the T helper cells (CD4™), protein complex-specific antigen for T cells (CD3*), platelet-
derived microparticles (CD61 PMP) biomarkers by flow cytometry, and hematological parameters were quantified by usual methods.

In patients with AML, the means of the percentage of the expressions of the molecules on platelet surfaces (CD61 and CD42b,
P <.01; paired T test) were lower as compared to both control subgroups. The expression of cytoplasmic granules content (CD61
PMP) had a significantly higher value in patients with AML reported to controlling subgroups (P < .01; paired T test), which is
suggesting an intravascular activation of platelets.

The platelet activation status was presented in patients with low stage BCL because CD61 and CD42b expressions were
significantly higher than control subgroups, but the expression of CD 61 PMP had a significantly decreased value reported to control
subgroups (all P < .01; paired T test). T helper/inducer lineage CD4" and T lymphoid lineage CD3* expressions presented significant
differences between patients with AML or low stage BCL reported to control subgroups (all P<.01; paired T test).

Platelet-lymphocyte interactions are involved in malignant disorders, and CD61, CD42b present on platelet membranes, as
functionally active surface receptors mediate the adhesion of active platelets to lymphocytes, endothelial cells, and cancer cells.

Abbreviations: AML = acute myeloblastic leukemia, BCL = B cell ymphoma, CD3" = protein complex-specific antigen for T cells,
CD4* = glycoprotein found on the surface of the T helper cells, CD42b, CD61 = platelet membrane glycoproteins, CD61 PMP =
platelet-derived microparticles.

Keywords: acute myeloblastic leukemia, B cell lymphoma, CD3*, CD4*, CD42b, CD61, CD61 PMP, platelets

Editor: Ahmet Emre Eskazan.

This study is part of the result indicators assumed within the grant (156972 number/October 17th, 2019). This grant was won in the biomedical competition organized
into the CNFIS-FDI-2019-0558 project entitled “Excellence, performance, and competitiveness in biomedical research at the Ovidius University of Constanta.” Research
activities of this grant were approved by the decision with the number 446/March 30th, 2018, by the Ethics Commission for approving clinical trials and research
papers.

All aspects of ethics approval and consent to participate of patients in this study are made in conformity with the declaration of Helsinki 2000.

All authors made an equal contribution.

The authors have no confiicts of interest to disclose.

All data generated or analyzed during this study are included in this published article [and its supplementary information files].

2 Center for Research and Development of the Morphological and Genetic Studies of Malignant Pathology, “Ovidius” University of Constanta, CEDMOG, ° Clinical
Service of Pathology, € Internal Medicine-Hematology Department, “Sf. Apostol Andrei” Emergency County Hospital, 9 Medicine Faculty, “Ovidius” University of
Constanta, Constanta, Romania.

) Correspondence: Elena Matei, Center for Research and Development of the Morphological and Genetic Studies of Malignant Pathology, “Ovidius” University of
Constanta, CEDMOG, 145 Tomis Blvd., 900591, Constanta, Romania (e-mail: sogorescuelena@yahoo.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Matei E, Aschie M, Mitroi AF, Ghinea MM, Gheorghe E, Petcu L, Dobrin N, Chisoi A, Mihaela M. Biomarkers involved in evaluation of platelets
function in South-Eastern Romanian patients with hematological malignancies subtypes. Medicine 2021;100:20(e25944).

Received: 14 October 2020 / Received in final form: 2 April 2021 / Accepted: 23 April 2021
http://dx.doi.org/10.1097/MD.0000000000025944


https://orcid.org/0000-0002-8554-7739
https://orcid.org/0000-0002-8554-7739
mailto:sogorescuelena@yahoo.com
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000025944

Matei et al. Medicine (2021) 100:20

1. Introduction

Acute myeloblastic leukemia (AML) is characterized by the clonal
proliferation of malignant hematopoietic precursor cells in the
hematogenous marrow. Malignant cell accumulation in bone
marrow results in dissociation of normal hematopoiesis by
suppressing the growth and differentiation of normal bone
marrow cells and decreasing blood cell production. In conse-
quence, in the peripheral blood appear variable cytopenias
associated with clinical manifestations such as anemia, infections,
and hemorrhagic syndromes. Leukemic cells can also invade
extramedullary tissues such as the meninges, gonad, liver, spleen,
and lymph nodes.!*!

Malignant lymphoma is part of a heterogeneous tumor group
of the lymphoid system, which can involve any organ or tissue.
Lymphoma is divided into 2 categories according to World
Health Organization (WHO) classification: Hodgkin lymphoma
and non-Hodgkin lymphoma.”®! Non-Hodgkin lymphoma is a
malignancy characterized by a monoclonal proliferation of B cell
or, rarely, of T/NK-cell.l*! Clinically, non-Hodgkin lymphoma is
classified as indolent, aggressive, or extremely aggressive
malignancy.**°!

Leukemia has an incidence rate of 2.1% (1724 new cases/year)
in the Romanian adult population. For non-Hodgkin lymphoma,
WHO! published an incidence rate of 1.7% (1424 new cases/
year). AML is the most common type of acute leukemia. The
average age at diagnosis is 65 years and the incidence increases
with age.!®!

Immunophenotyping by CD-biomarkers expressions with flow
cytometry is useful in the diagnoses of the acute myeloblastic
leukemia (AML)/B cell lymphoma (BCL). Associated CD
antigens of the leukocytes are molecules involved in functions
such as cell-to-cell interactions, cytokine receptors, cell signaling,
ion channels, transporters, enzymes, immunoglobulins, and
adhesion molecules.”” Effector T lymphocytes exhibit antitumor
activity in the tumor, and their intratumoral presence increases
the survival rate of these patients. Regulatory T lymphocytes and
macrophages generate an immunosuppressive environment that
counteracts antitumor immunity, promotes tumor progression,
and decreases the patient’s survival rate.[1%12!

Bleeding is known to occur during diagnosis and chemothera-
py, being another important factor threatening the lives of AML
patients. The reduction of platelets number is a determinant to
assess the bleeding risk. Patients with a low platelet count, who
were diagnosed and treated for a long period of time, presented a
small amount of bleeding. The bleeding is associated with platelet
dysfunction, not only with the platelet number,! and the level
of platelet membrane glycoproteins and the expression of the
platelet membrane glycoproteins can be analyzed by flow
cytometry to assess the platelet function.'*"! Recently,
platelet-derived microparticles (PMPs) are employed as an
alternative evaluation of platelet activation. PMPs induce the
apoptosis of effector T cells "1 and induce T lymphocytes
regulatory responses.'>%2!!

PMPs that are shed from platelet surface membranes constitute
the majority of circulating microparticles, being implicated in
procoagulant, pro-inflammatory, and pro-atherosclerotic
actions. The diagnostic value of microparticles was investigated
in patients with different cancer types, including bladder
cancer,?! prostate cancer,**! and colorectal cancer./**!

In our study, the platelets functions in correlation with T
lymphocytes count were assessed, by analyzing the platelets

Medicine

membranes glycoproteins expressions (CD61, CD42b), platelets
derivate microparticles (CD61 PMP), T lymphoid lineage
(protein complex-specific antigen for T cells [CD3"]), and T
helper/inducer lineage (glycoprotein found on the surface of the T
helper cells [CD4*]) by flow cytometry. Associated parameters
such as total platelets, leukocytes, and lymphocytes counts, made
by an automated hematologic analyzer, were also analyzed.

2. Materials and methods

2.1. Case selection

All blood samples (n=114) were obtained from patients (who
signed informed consent forms, agreeing to participate in this
study), which are treated in the Hematology Department of Sf.
Apostol Andrei Clinical Emergency County Hospital in Con-
stanta, Romania. Blood samples were analyzed for CD-
biomarkers by flow cytometry and hematological determina-
tions, at the Cell Biology Department of Centre for Research and
Development of Morphological and Genetic Studies of Malig-
nant Pathology, Ovidius University of Constanta, Romania.

In agreement with WHO classifications, the patients were
divided into 2 groups:

1. Patients with AML were, under treatment, divided into 2
subgroups by age (<6S5years, n=15 and >65years, n=14),
and a control group of match healthy subjects was assigned for
each subgroup (n=15, <6Syears and n=14, >65years).

2. Patients with BCL, under treatment, divided into 2 subgroups
by Ann Arbor stage:

- patients with Ann Arbor I-II tumoral stages (n=16),
reported to match control healthy patients (n=16);

- patients with Ann Arbor II-IV tumoral stages (n=12),
reported to match control healthy patients (n=12).

2.2. Reagents and equipment

The flow cytometry (Attune, Acoustic focusing cytometer, Life
Technologies) was used to measure the expressions of CD61,
CD42b, CD3", and CD4*. Anti-CD42b-PE (HIP1) and anti-
CD61-PE (integrin beta 3, Invitrogen, eBioscience) monoclonal
antibodies conjugated with phycoerythrin, were used to assess
platelet expressions of GPIba and GPIIla. Alexa Fluor 488
conjugated monoclonal antibodies to CD3*, CD4" (anti-CD3-
Alexa Fluor 488, anti-CD4-Alexa Fluor 488, Invitrogen,
Molecular Probes) were used to determine T lymphoid and T
helper/inducer cells from blood samples. For negative controls,
mouse IgG (Invitrogen, eBioscience) were used.

Before analysis of CD61 PMP, the flow cytometer was first set
by using fluorescent beads (Attune performance tracking beads,
Labelling and detection, Life technologies), with standard size
(4 intensity levels of beads population), and the quantity was
established by enumerating PMPs below 1 wm. The number of
CD61 PMP was calculated based on the event count from the
bead tube collected. PMPs were gated by Forward Scatter and
Side Scatter parameters, and then identified with CD61-PE. For
data collection, graphics by flow cytometry were used with
Attune Cytometric Software v.1.2.5, Applied Biosystems,
2010. Pentra XLR automated blood cell analyzer (Horiba
Medical, Diamedix, Romania) was used for determinations of
the total number of platelet (PLT), leukocytes, and lymphocytes
counts.
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2.3. CD61, CD42 B platelet membrane glycoproteins, and
CD3*, CD4* T lymphocytes detections by flow cytometry
dual stain

The blood samples were collected into tubes (4mL) with
anticoagulant EDTA-K2. All measurements were performed
within 120 minutes after blood withdrawal.

Flow cytometry tubes were divided into 3 categories:

1. samples with CD61-PE and CD4*-Alexa Flour 488 dual stain;

2. samples with CD42b-PE and CD3*-Alexa Fluor 488 dual
stain;

3. samples with control negative-IgG stain.

In tubes of flow cytometry were introduced 100 nL blood
sample, 5 L of CD61-PE, and 10 pL of CD4*-Alexa Flour 488.
The contents were gently vortexed and incubated into darkness,
for 25 minutes at 37°C. 100 pL blood sample, 5 pL of CD42b-PE,
and 10 wL of CD3*-Alexa Flour 488 were added into other tubes,
vortexed, and incubated into darkness, for 25 minutes at 37°C.
For each sample, a control tube with 100 pL blood sample and
S L of the negative control (mouse IgG) were made, and the
tubes were vortexed and incubated into darkness, for 25 minutes
at 37°C. Three milliliters of flow cytometry stain buffer were
added into each tube, and vortexed for 1 minute before analysis.

Platelets were identified by flow cytometry based on size and
platelet specific CD61 and CD42b surface expressions. T helper/
inducer lymphocytes and total T lymphocytes (thymocytes, T
lymphocytes, and NK cells) were determined by flow cytometry
based on size and lymphocytes specific CD4* and CD3*
monoclonal antibodies expressions.

2.4. Platelet-derived microparticles-CD61 determination
by flow cytometry

Collected blood samples were centrifuged at 10,000x g for 10
minutes. From obtained plasma samples, were aspirated 100 pL
of plasma and introduced into flow cytometer tubes. Five
microliters of CD61-PE were added over the plasma samples, and
tubes were vortexed and incubated into darkness, for 25 minutes

www.md-journal.com

at 37°C. Two milliliters of flow cytometry stain buffer were added
into each tube and were vortexed for 1 minute before analysis at
equipment. In parallel, were worked control plasma samples,
made from 100pL plasma and 5SpL of the negative control
(mouse IgG), which followed the same steps mentioned before.

2.5. Statistical analysis

Obtained results were presented as mean values with standard
errors for CD61, CD42b platelets, CD3*, CD4" lymphocytes,
and CD61 PMP percentages expressions, total platelets,
leukocytes, and lymphocytes counts; SPSS v. 23 software,
IBM, 2015 were used. Data were analyzed by Levene test for
homogeneity of variances of samples, while paired T test,
ANOVA, were used to establish the differences between samples
and controls, and P < .05 was considered statistically significant.
Pearson correlations were established for AML and BCL
subgroups of patients between CD61 PMP and CD3*, CD4*
lymphocytes expressions.

Receiver operating characteristic (ROC) and area under the
curve (AUC) made by MedCalc v. 14.8.1, 2014, were used to
establish the accuracy of the biomarkers in AML/BCL diagnoses.
The sensitivity and specificity of CD-biomarkers are represented
by the Youden index which is the optimal cut-off point as the
value that maximized the area under the ROC curve.

Figures 1, 2, 6 and 7 were made by the MedCalc program.
Figures 3—5 were made with Attune Cytometric Software v.1.2.5,
Applied Biosystems, 2010.

3. Results

CD61 expressions (S1-13.30+1.00 vs C1-33.03+3.02, P<.01;
§2-15.31+0.62 vs C2-56.79+2.70, P<.01) and the CD42b
percentages (51-12.83+0.60 vs C1-48.76+0.81, P<.01; S2-
21.61+£0.30 vs C2-49.23+1.22, P<.01) were statistically
significantly lower in both subgroups of patients with AML
compared with the controls (Figs. 1, 3 and 4). T helper/inducer
lineage CD4" (S1-71.32+£1.09 vs C1-67.05+0.76, P <.01; S2-
64.94+0.88 vs C2-59.92 +1.33, P<.01) and T lymphoid lineage
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Figure 1. Platelet membrane glycoproteins, T lymphocytes, platelet microparticles-CD61 in patients with acute myeloblastic leukemia reported to controls, in the
functlon of patients’ age: (A) <65yrs and (B) >65yrs. All results were presented as mean values with standard errors. CD61 PMP, platelets derivate microparticles.
P<.01 represents significant statistical differences between controls and samples made by paired samples T test.
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Figure 2. Platelet membrane glycoproteins, T lymphocytes, platelet microparticles-CD61 in patients with B cell ymphoma reported to controls subgroups, in the
function of patient’s tumoral stages, lymphadenopathies nodes, and splenomegaly: (A) T1-T2 N1-N3 S0-S1; (B) T3-T4 N2-N3 S1-S2. All results were presented
as means values with standard errors. T1-T2 N1-N3 SO-S1-Ann Arbor -l tumoral stages (T1-T2), with lymphadenopathies nodes (N1-N3), and without or with
splenomegaly (SO-S1); T3-T4 N2-N3 S1-S2-Ann Arbor llI-IV tumoral stages, with lymphadenopathies nodes (N2-N3) and splenomegaly (S1-S2). CDQJ PMP,

platelets derivate microparticles.

P < .01 represents significant statistical differences between controls and samples made by paired samples T test; P<.05

represents significant statistical differences between controls and samples made by paired samples T test.

CD3" (§1-76.53+0.73 vs C1-71.78 +0.91, P<.01; S2-69.17 +
0.35 vs C2-58.53+1.80, P<.01) were statistically significantly
higher in patients with AML than in controls (Figs. 1, 3 and 4).
CD61 PMP had increased values for samples recovered from
patients’ subgroups with AML in comparison with controls (S1-
63.97+0.88 vs C1-34.96 +£0.82, P<.01; S2-72.11+£0.32 vs C2-
29.26+1.23, P<.01, Figs. 1 and 5). The platelets total number
presented as associated parameters in Table 1, had lower values
with significant statistical differences between AML and controls
subgroups of the patients (S1-46,761.00+5749.00 vs C1-
238,000.00£13,945.00, P<.01; S2-66,159.00+£1685.58 vs
C2-335,714.28 +8939.00, P <.01). The leukocytes number from
samples of patients with AML (age < 65years) was statistically
significantly higher than in controls (51-36,303.33+2587.85 vs
C1-7018.06+153.93, P<.01). Lymphocytes count presented
lower values for both subgroups of AML patients in comparison
with controls (51-2683.33+43.00 vs C1-3564.66+152.66,
P<.01; S2-2152.14+52.70 vs C2-2653.57+135.92, P<.01,
Table 1).

Because CD61 PMP (S1-64% vs S2-73%) plays an important
role in immune response by T regulatory cells activation, these are
correlated with estimated percentage of CD3* lymphocytes (S1-
77%, r=—0.233, P>.05, and $2-72%, r=0.451, P>.05) and
CD4* lymphocytes count (S1-72%, r=—0.621, P <.05 and S2-

65%, r=—0.530, P>.05, Table 2) in subgroups of AML
patients.

First subgroup of patients with low stage BCL presented
statistically significant higher values for CD61, CD4*, and
CD42b expressions (S1-51.99+2.65 vs C1-33.35+2.84, P
<.01; S1-71.26 £1.32 vs C1-66.92+0.72, P<.05; S1-60.74 +
3.62vs C1-48.66 +0.76, P <.01) than controls (Figs. 2-4). CD61
PMP had statistically lower values for samples recovered from
patients with low stage BCL reported to controls (S1-25.45 +
2.20 vs C1-35.50+0.94, P<.01, Figs. 2 and 3).

Second subgroup of patients with high stage BCL had
significant lower values for all CD-biomarkers reported to
controls (CD61-S2-17.61+1.16 vs C2-28.87+2.09, P<.01;
CD4*-52-59.45 +£1.33 vs C2-67.00+£0.94, P<.01; CD42b-S2-
16.60+1.24 vs C2-49.65+0.65, P<.01; CD3%-S2-49.29 + 8.36
vs C2-72.02+1.76, P<.01; CD 61 PMP-52-9.30+0.60 vs C2-
35.16+0.81, P<.01, Figs. 2-5).

Platelet count in patients with low stage BCL was significantly
higher than in controls (51-290,937.00+16,261.01 vs C1-
238,125.00+13,045.39, P<.05), while in patients with high
stage BCL, platelet count revealed significantly lower values than
in controls (52-180,000.00+13,595.89 vs (C2-222,500.00 +
11,878.48, P<.05). Higher values of leukocytes number were
observed in both experimental subgroups of patients with BCL

Total numbers of platelets, leukocytes, and lymphocytes divided in the function of patient’s age with acute myeloblastic leukemia reported

to controls.
Age <65yrs Age >65yrs
X+SE X+SE
Parameters Control (C1) Sample (S1) Control (C2) Sample (S2)
Platelets 238,000.00+ 1 3,945;00* 46,761.00 15749.001 335,714.28+8939.00" 66,159.00 +1685.58"
Leukocytes 7018.06+153.93 36,303.33+2587.85 4912.85+:262.38 5328.57 +2361.27
Lymphocytes 3564.66 + 152.66 2683.33+43.00 265357 +135.92 2152.14+52.70

SE, standard error; X, obtained results means.

“p< .01 represents significant statistical differences between controls and samples made by paired samples T test.

4



Matei et al. Medicine (2021) 100:20

www.md-journal.com

Percentage of CD 61 PMP correlated with CD3*, CD4* lymphocytes expressions at subgroups of patients with acute myeloblastic

leukemia.
cD 3* cD 4*
Pearson correlations (9 Age <65yrs Age >65yrs Age <65yrs Age >65yrs
CD 61 PMP —0.232 0.451 —0.621 . —0.530
P 405 106 014 .857

CD3*, protein complex-specific antigen for T cells; CD4™, glycoprotein found on the surface of the T helper cells; CD61 PMP, platelets derivate microparticles.

“p<.05 represents significant statistical differences between parameters.

reported to controls (S1-14,000.00 +730.29 vs C1-7036.93 +
145.22, P<.01; S2-12,508.33+1362.00 vs C2-7091.75+
101.32, P<.01). Lymphocytes number had increased value for
patient’s subgroup with low stage BCL and decreased value for
patient’s subgroup with high stage BCL in comparison with
control subgroups (51-3956.25 +76.35 vs C1-3604.37 + 148.02,
P<.05; S2-3266.66+704.24 vs C2-3547.50+97.53, P<.05,
Table 3).

Patients with low stage of BCL present the estimated CD61-
PMP percentage (26%) positive correlated with estimated
percentages of CD3*, CD4" lymphocytes (CD3*-73%, r=

0.537, P<.05, CD4*-72%, r=0.246, P>.05). Also were
observed correlations between CD3*, CD4* lymphocytes
(CD3*-50%, r=0.822, P<.01; CD4"-60%, r=—0.798, P<.01,
Table 4), and CD61 PMP quantity (10%) in patients with high
stage BCL.

To establish the diagnostic of laboratory, the predictive model
(ROC curves) is used to estimate the risk of adverse outcome
based on patients, in medical research.””’ ROC curves were used
to show accuracies of positive and negative value predictions
(PPV and PNV, Table 35) in relationship with TPR (sensitivity)
and FPR (1-specificity) for each CD-biomarker. A single test
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Figure 3. Expressions of the CD61/CD4" by flow cytometry: (A) healthy patients; (B) patients with AML; (C) BCL patients with Ann Arbor | tumoral stage of BCL with
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Platelet membrane glycoproteins, T lymphocytes, platelet microparticles-CD61, total numbers of platelets, leukocytes, and lymphocytes
in correlations with the clinicopathological aspects of B cell ymphoma patient’s subgroups.

X+SE X+SE
I-1l Ann Arbor -1V Ann Arbor
Parameters Control (C1) Sample (S1) Control (C2) Sample (S2)
Platelets 238,125.00+13,045.39" 290,937.00+16,261.01" 222,500.00+11,878.48" 180,000.00+13,595.89"
Leukocytes 7036.93+1 45.22‘.' 14,000.00 +730.29" 7091.75+101.32° 12,508.33 +1362.00"
Lymphocytes 3604.37 +148.02" 3956.25+76.35" 3547.50+97.53" 3266.66+704.24"

SE, standard error; X, obtained results means.

“p<.05 represents statistical differences between controls and samples made by paired samples T test.
" P<.01 represents significant statistical differences between controls and samples made by paired samples T test.

Percentage of CD 61 PMP correlated with CD3*, CD4* lymphocytes expressions in subgroups of patients with B cell lymphoma.

CD 3* CD 4*
Pearson correlations (9 I-1l Ann Arbor -1V Ann Arbor I-1l Ann Arbor -1V Ann Arbor
CD 61 PMP 0.537 0.822 0.246 —0.798
P .032 0017 .359 .002°

CD3*, protein complex-specific antigen for T cells; CD4*, glycoprotein found on the surface of the T helper cells; CD61 PMP, platelets derivate microparticles.

“p<.05 represents significant statistical differences between parameters.
¥ P<.01 represents significant statistical differences between parameters.

ROC curve was made for each CD-biomarker with 2 overlapping
distributions (control and experimental, Figs. 6 and 7).

True positive values (sensitivity) in patients with AML were
increased for CD61 (93.33%), CD4" (61.29%), CDA42b
(96.43%), CD3* (97.07%), and CD61 PMP (96.67%). Specifici-
ty (TNV-true negative values) was increased for CD61 (96.43%),
CD4" (96.30%), CD42b (93.33%), CD3* (68.33%), and CD61
PMP (92.87%, Table 5 and Fig. 6). Sensitivity and specificity of
the methods were increased, for patients with BCL: 77.78 % and
100.00% of CD61, 60.87% and 100.00% of CD4", 76.19% and
85.71% of CD42b, 65.79% and 100.00% of CD3*,75.86% and
100.00% of CD61 PMP (Table 5 and Fig. 7).

4. Discussion

Antigen-specific T cells (CD4* and CD3" expressions) play an
important role in immune protection toward cancer and
represent the cellular basis for specific immunotherapy. Platelets
are involved in the hemostasis regulation and interact with

leukocytes to avoid substantial blood loss from the circula-
tion.[*®! Activated platelets change their shape and size, release
cytoplasmic granules contents, and change their glycoproteins
expressions. Signals of platelet activation led to biochemical
modifications, accompanied by surface glycoproteins changes
expressions, which are used in platelet state evaluation.?”~>"]

Because flow cytometry is an optimal laboratory method to
analyze the platelet function, in this study, we quantify the levels
of platelet membrane glycoproteins (CD61 and CDA42b) in
samples recovered from patients with AML or BCL.

In patients with AML, the means of molecules’ expression on
platelets’ surfaces (CD61 and CD42b) were significant lower
than in both control subgroups. Decreased expressions of CD61,
were observed in myelodysplastic syndromes (MDS) patients,>!
and the reduced amounts of CD42b were reported to be a
common finding in MDS patients.!>!!

CD61 and CD42b presence on platelet membranes, as
functionally active surface receptors, are factors that mediate
the adhesion of active platelets to leukocytes, endothelial cells,

Receiver operating characteristic (ROC) analysis of CD-biomarkers in patients with hematological malignancies.

Biomarkers AUC 95% Cl P Youden J index Cut-off value Sensitivity Specificity PPV PNV
CD61_AML 0.973 0.938-1.000 <.0001" 0.897 <18.85 93.33 96.43 96.60 93.10
CD61_BCL 0.817 0.697-0.936 <0001" 0.777 >28.14 77.78 100.00 100.00 71.14
CD4*_AML 0.817 0.709-0.926 <.0001" 0.575 >68.50 61.29 96.30 95.00 68.40
CD4+_BCL 0.786 0.651-0.921 <.0001f 0.608 >68.50 60.87 100.00 100.00 78.60
CD42b_AML 0.960 0.894-1.00 <.0001" 0.821 <23.70 96.43 93.33 93.10 96.60
CD42b_BCL 0.741 0.611-0.872 <.0001f 0.619 <49.36 76.19 85.71 94.10 54.50
CD3*_AML 0.792 0.671-0.914 <.0001" 0.553 >68.30 97.07 58.33 76.70 93.30
CD3+_BCL 0.733 0.599-0.868 <.0001" 0.657 <7012 65.79 100.00 100.00 58.10
CD61 PMP_AML 0.895 0.889-1.000 <.0001" 0.895 >38.54 96.67 92.87 93.50 96.30
CD61 PMP_BCL 0.897 0.817-0.978 <.0001" 0.758 <24.01 75.86 100.00 100.00 79.40

AUC, area under the curve; AML, acute myeloblastic leukemia; BCL, patients with B cell lymphoma; CD3*, protein complex-specific antigen for T cells; CD4™, glycoprotein found on the surface of the T helper
cells; CD42b, CD61, platelet membrane glycoproteins; CD61 PMP, platelets derivate microparticles; Cl, confidence interval; PNV, negative value predictions; PPV, positive value predictions; Youden J = sensitivity

+ specificity — 100.
Obtained results were significant and statistically different (P<.0001).
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Figure 6. CD-expressions of platelets and lymphocytes, and CD61 platelets derivate microparticles as biomarkers in patients with acute myeloblastic leukemia: (A)
platelet CD61 (AUC-0.973); (B) lymphocytes CD4* (AUC-0.817); (C) platelet CD42b (AUC-0.960); (D) lymphocytes CD3* (AUC-0.792); (E) CD61 PMP (AUC-0.955).
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Figure 7. CD-expressions of platelets and lymphocytes, and CD61 platelets derivate microparticles as biomarkers in patients with B cell lymphoma: (A) platelet
CD61 (AUC-0.817); (B) lymphocytes CD4* (AUC-0.786); (C) platelet CD42b (AUC-0.741); (D) lymphocytes CD3* (AUC-0.733); (E) CD61 PMP (AUC-0.897).
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and cancer cells. Platelet activation in patients with low stage
BCL manifests itself by increased expressions of CD61 and
CD42b antigens, and in patients with AML manifests itself by
increased expressions of microparticles derivate platelet-CD61.
Increased levels of CD61, CD42b, and CD61 PMP, both in
resting state and in in vivo active platelets, intensify the ability of
platelets to adhesion and aggregation, increases the risk of
thromboembolic events, promotes tumor cells proliferation,
angiogenesis, and disease progression, in conformity with
scientific literature, #7732

PMPs have an 18% to 28% contribution to both procoagulant
and anticoagulant activities of human platelets stimulated with
different platelet agonists. The percentage was higher in
unstimulated platelets (28-40%). Leukemia cells can damage
vascular endothelial cells, they interconnect with platelets and
stimulate platelet activation.!”!

Modified levels of plasma PMPs were associated with bleeding
or thromboembolic complications. In normal conditions, the
presence of PMPs inhibits coagulation rather than promotes
coagulation,®* but the increased PMPs presence in clinical
conditions may be a biomarker of ongoing thrombosis.!"!
Increased PMPs count was observed in the blood of patients with
thrombotic and inflammatory disorders.**=°! The relationship
between persistent immune system activation and coagulation/
inflammation is poorly understood. Interactions between
platelets and monocytes are well described by the scientific
literature, but little is known about the interaction between
platelets and the adaptive immune system. Platelet=T cell
complex plays a role in the fast recruitment of antigen-
experienced T cells to the inflammation/coagulation place. This
mechanism maintains the procoagulation/inflammation status in
patients, contributing to the disease pathology.[*"!

An increased number of platelets in circulation and their ability
to release pro-inflammatory and anti-inflammatory mediators,
which are stored in secretory granules, suggest that platelets are
critical players in the early phase of the host immune
response.[*1*2! Platelets are known to be involved in functions
beyond hemostasis and were identified as regulators of both
innate and adaptive immune systems.*>*4

Our results agree with the scientific literature presented above
because T helper/inducer lineage CD4" and T lymphoid lineage
CD3* expressions presented significant differences between
patients with AML, with low stage BCL, and those in matching
control subgroups. In our study activation of the platelets was
revealed by a significant increase of CD61 PMP in patients with
AML and by increased expressions of CD61 and CD42b in
patients with low stage BCL in comparison with control
subgroups of patients. Furthermore, total numbers of platelets
and leukocytes were significantly higher in patients with low
stages BCL compared to controls. In contrast, in patients with
high stage BCL, mean values of CD4" and CD 37 levels, CD 61,
CD42b expressions, CD61 PMP, the total number of platelets,
and leukocytes count were significantly decreased reported to
control subgroups of patients.

In recent years, increasing evidence supports the notion that
platelets participate in immune responses and interactions
between platelets and leukocytes contribute to both thrombosis
and inflammation.*>*¢! Platelet-leukocyte complexes were
observed in peripheral blood in patients with myeloproliferative
disease.!*”!

Because the tumor environment is one of inflammation, the
tumor cells release chemokines and cytokines that attract
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inflammatory cells, which in turn release factors that the tumor
cell uses to survive, proliferate, and metastasize.'*! Platelets were
implicated in this process, and the platelet count is inversely
correlated with survival.!*”! Platelets and leukocytes can form
complexes with tumor cells that facilitate tumor cell attachment
to vessels and invasion of the tissue. P-selectin on both endothelial
cells and platelets and the a4B1 integrin on myeloid cells ! are
implicated in metastasis. Platelets and leukocytes release factors
that destabilize existing vessels, promote capillary sprout
formation, and enhance endothelial cell proliferation.>")

In this study, because CD61 PMP plays an important role in the
immune system by T regulatory cell activation, these are
negatively correlated with CD4* lymphocytes in the subgroup
of AML patients (age <65 years). Also, CD61-PMP percentage
was presented a positive correlation with the percentage of CD3"*
lymphocytes for both subgroups of patients with BCL, and a
negative correlation of this with CD4" lymphocytes in the high
stage of BCL patients.

Results of some clinical studies have shown that the
leukocytes—platelet interactions are directly correlated with
platelet and leukocyte counts, and with the increased expression
of leukocyte biomarkers.’*3! Role of platelet microparticles in
cancer development is unknown, but it is well established that
tumor cells can activate platelets and induce platelet aggregation.
The authors demonstrated that platelet microparticles levels are
strongly correlated with aggressive tumors and a poor clinical
outcome.>*!

High levels of the T regulatory cells in the tumor microenvi-
ronment are associated with poor prognosis in many cancers,
such as ovarian, breast, colorectal, ovarian, renal, and pancreatic
cancer.’>=% In some types of cancer the opposite is true, and
high levels of T regulatory cells are associated with a positive
prognosis, in cancers such as colorectal carcinoma and follicular
lymphoma. T regulatory cells can trigger cell proliferation and
metastasis and this opposite effect indicate that the T regulatory
role in the development of cancer is dependent on both the type
and location of the tumor.*®

Increased levels of CD61 PMP in AML patients and CD61 and
CD42 B expressions in BCL patients indicate platelet activation.
Since we found that platelet activation was associated with
platelet binding to lymphocytes in AML and BCL patients, it is
likely that platelet binding modifies the lymphocyte function.
Authors showed that platelet bound preferably to memory T
lymphocytes.[61:62!

In this study, we observed the accuracy of the potential
biomarkers for AML and BCL patients. As expected, flow
cytometry represents the most sensitive modality for immuno-
phenotyping. Methods sensitivity average was 80.12+14.79%
and the specificity average of the methods was 92.29+12.77%.
Predictive positive values average (94.90+7.02) and predictive
negative values average (78.94+15.71) means that the flow
cytometry analysis methods had good accuracies to obtain the
results. The average of the area under the curve presented by
ROC curves (AUC+SE) was 0.841+0.085 which means good
statistical positive and negative results distribution for both
groups of patients and controls. Our obtained results conform
with recent studies about the diagnosis of acute leukemia and
Non-Hodgkin lymphomas methods.[®3=¢"!

In this study, limitations to develop the utility of these observed
biomarkers were the fact that were analyzed only for AML and
BCL from all diversity of hematological malignancies, and a small
number of samples recovered from treated patients to be able to
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study the subtypes of AML and NHL. However, we cannot
eliminate that medication of AML and BCL patients could affect
lymphocytes—platelets interactions. Because this represents a
limitation, a study of lymphocyte—platelet complexes in a large
cohort of patients before and after taking drugs will be required
to study the modulation of these. We show in this study that
platelets can bind to lymphocytes in AML and BCL patients, and
this interaction is associated with altered immune response.
Another limitation is that lymphocyte—platelet complexes were
analyzed at a one-time point in each patient during the treatment.
Further studies analyzing the same patient before and after taking
drugs will be required to validate the potential of lymphocyte—
platelet complexes in immune response in patients with AML and
BCL. Our observations suggest that controlling these interactions
is beneficial for the therapeutic regulation of the patient’s
immunity.

5. Conclusions

Platelet-leukocyte interactions are involved in tumor diseases,
which supports that platelets represent an immune system
fundamental part. During these interactions, platelets trigger
intracellular signaling in immune cells and they modulate the
immune responses.

Platelet activation in patients with low stage B cell lymphoma
manifests itself by increased expressions of CD61 and CD42b
antigens, and in patients with acute myeloblastic leukemia
manifests itself by increased expressions of microparticles
derivate platelet-CD 61.

Future directions in this research area will be to study a variety
of hematological malignancies subtypes and to establish the valid
correlations between observed biomarkers and DNA content and
cell apoptosis before and after taking drugs at patients.

Because of the importance of platelet activity in many clinical
conditions, some assay of platelet activation will eventually be
widely utilized. Another direction to study in correlations with
our biomarkers is the DNA content because flow cytometers
provide a rapid method to measure altered DNA content, ploidy,
and analysis of cell division kinetics (S-phase fraction, mitotic
index) has important implications in areas such as clinical tumor
prognosis. Also, other future directions correlated with our
biomarkers will be the analysis of cell apoptosis, because it is a
major research application of flow cytometry and may become a
new clinical application for determining the efficacy of
chemotherapy in patients with different types of malignancies.
Also, our findings suggest that the determination of the levels of
circulating lymphocytes with bound platelets in AML and BCL
patients may prove to be a useful tool to follow up the activities of
the diseases. On the other hand, understanding how platelet
microparticles impact different diseases will enable the identifi-
cation of new cellular pathways that are amenable to therapeutic
manipulation. Besides, platelet microparticles show promise as a
diagnostic biomarker for diseases and potentially as a delivery
system for therapeutics.
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Abstract. Epidemiological data regarding hepatocellular
carcinoma (HCC) report unsatisfactory morbimortality rates
despite the global efforts to decrease the incidence and prolong
patient survival. Current guidelines lack diagnostic biomarkers
to better characterize patients with HCC. We aimed to validate
the overexpression of Survivin-1, tumor-associated glyocopro-
tein 72 (Tag-72), and HECT and RLD domain containing E3
ubiquitin protein ligase 5 (HERCS) as tissue biomarkers for
HCC characterization in patients from our geographical area
and to standardize a local biomarker panel to be introduced in
the current management guideline. Thirty samples of histolog-
ically confirmed HCC were compared to an equal number of
samples of benign tumors in terms of Survivin-1, TAG-72, and
HERCS overexpression. Student's t-test, Mann-Whitney U test
and Chi-square test were used to find differences between
the two studied groups and to compare the categorical vari-
ables. The discriminative power of Survivin-1, Tag-72, and
HERCS overexpression was assessed using ROC curves. The
multivariate linear regression analysis revealed that Survivin,
Tag-72, and HERCS were significantly overexpressed in older
male patients, with a-fetoprotein (AFP) >200 ng/dl, low
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serum albumin, as well as in patients with imaging features
of portal thrombosis and ascites. The diagnostic performance
of Survivin-1, Tag-72 and HERCS tissue biomarkers for HCC
characterization was superior to that of the gold-standard AFP.
Our study results validate the overexpression of Survivin-1,
Tag-72, and HERCS as tissue biomarkers for HCC character-
ization in patients from our geographical region and could be
standardized in the current HCC management guideline.

Introduction

Despite the great achievements obtained in the early detec-
tion of hepatocellular carcinoma (HCC) through screening
programs and application of targeted therapies with protease
inhibitors such as sorafenib, the incidence and the poor
survival rate reported are still high, especially in endemic
areas for hepatotropic viruses (HBV, HCV and HDV) such as
southeastern Europe (1-4). Panels of biomarkers are standard-
ized to help clinicians in their efforts to improve knowledge
in terms of better HCC characterization for more efficient
therapies. A single biomarker still used for HCC diagnosis
or follow-up is a-fetoprotein (AFP), which is considered
as the gold standard of care. Yet, clinical evidence suggests
that it does not help facilitate improvement in HCC progres-
sion, prognosis, or survival rates (5). In general, tumor cells
present metabolic signatures compared to healthy cells, both
at the tissue and bio-humoral levels. The detection of new
tumor cell biomarkers, and their validation has presented new
research goals for HCC characterization. Viral infections,
alcohol abuse, dysmetabolic states [obesity, type 2 diabetes
mellitus (T2DM), nonalcoholic steatohepatitis (NASH)],
and other rare conditions causing subsequent chronic liver
damage promote liver tumorigenesis through different mecha-
nisms and this situation makes it difficult to standardize a
panel of predictive biomarkers for HCC progression (6-9).
Survivin-1, an anti-apoptotic protein modulated by the p53
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gene, presents overexpression in 70% of Asian HCC patients
with chronic viral hepatitis in whom mutations of p53-gene are
apparent (10). The overexpression of this tissue biomarker has
not been studied in other research. It represents an opportunity
to study Survivin-1 due to the similarity between risk factors
for HCC occurrence in our patients and Asian patients-a vast
majority being infected by hepatitis B, C, and D viruses.
Tumor-associated glycoprotein 72 (TAG-72) is a mucin-like
membrane complex considered to be a feasible biomarker
for unfavorable prognosis of adenocarcinomas in general,
with potential applicability in HCC (11,12). HECT and RLD
domain containing E3 ubiquitin protein ligase 5 (HERCS),
a protein with a ligand role, activates the chemotaxis and
the local infiltration with T lymphocytes, being considered
a biomarker for predicting HCC recurrence, as well as the
poor survival rates even for early stage HCC (13,14). In this
scenario, we aimed to evaluate and validate the overexpression
of Survivin-1, TAG-72, and HERCS as tissue biomarkers for
HCC characterization in patients from our geographical region
and to standardize a local biomarker panel to be introduced in
the current management guideline.

Materials and methods

Materials. Thirty liver specimens with a histopathological
diagnosis of HCC (study group) and a similar number of liver
tissue specimens of benign liver tumors (adenomas, HNF,
regenerative nodules, and hemangiomas-control group) were
selected from the Gastroenterology file database and Pathology
Clinic registries from St. Apostle Andrew Emergency Clinical
Hospital, Constanta and Fundeni Institute, Bucharest and
compared in terms of Survivin-1, Tag-72, and HERCS5 overex-
pression. All cases were registered in our databases in the last
3 years and 6 months (January 2017 to June 2020).

All cases histologically confirmed by pathologists from
both clinics, were reinterpreted for the current study during
the interval December 2019 to June 2020, and the immu-
nohistochemistry study was conducted at the Research and
Development Centre for the Morphologic and Genetic Study
of Malignant Pathology (CEDMOG) and founded by ‘Ovidius’
University. The morphological features of the tumors were
noted, establishing the histological type, the grade, and the
stage of HCC based on the World Health Organization (WHO)
Histological Classification for digestive tumors (15).

Demographic data of all patients (study and control group)
providing the liver specimens, including age, sex, provenence,
medical history, liver disease background-chronic viral infec-
tions with B, C, or D viruses, co-morbidities and laboratory
parameters recorded at the time of hospital admission were
obtained from the clinical files and are noted in Table I.

The Ethics Committee of Emergency Clinical Hospital
St. Apostle Andrew of Constanta approved the study following
European and local regulations (no. 32/22.11.2019).

Methods. For the immunohistochemical (IHC) assess-
ment, the representative samples were chosen, and 4-ym
sections of formalin-fixed, paraffin-embedded tissue blocks
were obtained for each case enrolled. Epitope retrieval was
conducted prior to incubation of tissue sections with a panel
of three primary antibodies (ready-to-use) from Novus

Biological: Survivin-1 (NB100-911 clone), Tag-72 (CC49
clone), and HERC5 (NBP-91985 clone). The immunostaining
protocol for each antibody used was provided by the manufac-
turer. As chromogen, we used 3,3'diaminobenzidine (DAB),
and brown staining was obtained. The final step was repre-
sented by counterstaining all slides with Mayer's Hematoxylin.
Positive control was used for each antibody: Human testis for
HERCS antibody, malign melanoma for Survivin-1 antibody,
and human prostate carcinoma for the Tag-72 antibody.
Comparisons of the studied biomarker overexpression from
HCC tissue samples with a matched non-HCC group of normal
liver tissue specimens were made.

Statistical analysis. Quantitative variables such as mean + stan-
dard deviation (SD) and categorical variables are presented
as percentages. The Student t-test and Mann-Whitney U test
were used to identify differences between the two studied
groups. The Chi-square test facilitated the comparison of
categorical variables. The correlation between Survivin-1,
Tag-72, and HERCS5 overexpression and different HCC vari-
ables was performed using the Spearman rank correlation
test. A multivariate logistic regression analysis detected the
independent variables of HCC. The discriminative power of
Survivin-1, Tag-72, and HERCS overexpression was assessed
using ROC curves. The predictive performance of biomarker
overexpression was classically evaluated by the area under the
ROC curve (AUC), sensitivity (Se), specificity (Sp), positive,
and negative predictive values (PPV, NPV). SPSS 16.0 soft-
ware (SPSS, Inc.) was used for statistical analysis. P-values
<0.05 were considered statistically significant.

Results

Demographic, clinical and laboratory features of the HCC
patients. According to demographics, we noted an evident
predominance of male gender in the study group compared to
the control group (17 vs. 25 male patients, P=0.023). The age of
the HCC patients was significantly older than that of the control
group (42.09+9.4 vs. 59.2+5.9 years, P=0.002). Laboratory
results were various and without any statistical significance
related to cytolysis (30+11.67 vs. 37.3+14.11 Ul/ml, P=0.067)
but significantly different related to parameters of liver insuf-
ficiency such as albumin (4.3+1.2 vs. 2.3+1.4 g/dl, P<0.001),
bilirubin (1.9+0.5 vs. 4.3+2.7 mg/dl, P=0.002), and INR
(International Normalized Ratio) (1.4+0.8 vs. 1.9+1.0,P=0.026).
AFP had values slightly above the normal upper limit in both
HCC and controls, but levels >180 ng/ml were more frequently
encountered in HCC patients compared to the controls (204.
11+17.77 vs. 308.56+44.01 ng/ml, P=0.015). Jaundice was
more regularly present in the HCC patients compared with the
control (11 vs. 20 patients, P=0.044) (Table I).

Comparison of IHC overexpression of Survivin-1, Tag-72, and
HERCS in liver tissue samples between HCC and controls.
Statistical analysis using a multivariate linear regression
tool was conducted to correlate the IHC overexpression of
Survivin-1, Tag-72, and HERCS and independent variables as
age, sex, laboratory results, imaging and clinical features. The
multivariate linear regression analysis revealed that Survivin-1,
Tag-72, and HERCS5 were significantly overexpressed upon
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Table I. Demographic, clinical, imaging and laboratory features of the HCC and control (benign tumor) group.
Benign tumors HCC group
(control group) (study group)
(N=30) (N=30)
n (%) n (%) P-value r-value
Age, mean + SD, years 42,0949 4 59.2+59 0.002 0.96
Sex
Male 17 (56.66) 25 (83.33) 0.023 0.24
Female 13 (43.33) 5 (16.66) 0.033 -0.32
Urban 12 (40.00) 15 (50.00) 0.051 0.70
Risk factors
Viral infection 3 (10.00) 21 (70.00) 0.001 0.98
Alcohol abuse 15 (30.00) 20 (66.66) 0.048 0.33
NASH/NAFLD 5 (16.66) 11 (36.66) 0.042 0.34
Metabolic disease 2 (6.66) 3 (10.00) 0.7 0.11
Clinical features
Hepatomegaly 3 (10.00) 22 (73.33) 0.005 091
Jaundice 11 (36.66) 20 (66.66) 0.044 0.59
Ascites 1(3.33) 16 (53.33) <0.001 0.99
Weight loss 12 (40.00) 24 (80.00) 0.003 0.94
UDB - 7 (23.33)) - -
Imaging features
Multifocal 6 (20.00) 10 (33.33) 0.037 0.28
Portal vein thrombosis 1(3.33) 6 (20.00) 0.032 0.26
Ascites 1(3.33) 9 (30.00) 0.027 0.21
Laboratory results
ALT Ul/ml, mean + SD? 30+11.67 37.3+14.11 0.067 0.58
10 (33.33) 23 (76.66)
GGT Ul/ml 1 34.33+8.22 71.54+6.99 0.029 0.30
16 (53.33) 24 (80.00)
Albumin g/dl] 43+12 2.3+14 <0.001 0.99
1(3.33) 22 (73.33)
Bilirubin mg/dl1 1.9+0.5 4327 0.002
11 (16.66) 24 (80.00)
INR? 1.4+0.8 1.9+1.0 0.026 044
10 (33.33) 12 (40.00)
AFP ng/ml 1 12 (40.00) 23 (76.66) 0011 0.29
=6 ng/ml 6.92+2.6 8.22+3.1 0.051 0.70
11 (18.60) 14 (46.66)
>180 ng/ml 204.11x17.77 308.56+44 .01 0.015 0.18
1 (4.80) 9 (30.00)
BCLC classification
A - 13 - -
B - 11 - -
C - 6 - -

HCC, hepatocellular carcinoma; NASH, nonalcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease; ALT, alanine transaminase;
GGT, y-glutamyl transferase; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; INR, International Normalized Ratio. Laboratory results
are expressed as the mean increased/decreased level (top value) and the number of patients (%) with an increased/decreased level (lower data).

[HC analysis in HCC samples in patients older than 50 years
(P=0.003, P=0.006, P=0.004, respectively), male gender

(P=0.031, P=0.004, P=0.020, respectively) patients with
increased AFP over 180 ng/dl (P=0.012, P=0.004, P=0.029,
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Table II. Multivariate linear regression analysis to identify the correlation between overexpression of liver biomarkers and
clinical, laboratory and imaging variables in HCC.

Liver tissue biomarker overexpression

Survivin-1 Tag-72 HERCS

Patient variables P-value (r) P-value (r) P-value (r)
Age, mean + SD, >50 years 0.003 (0.94) 0.006 (0.92) 0.004 (0.94)
Male gender 0.031 (0.55) 0.004 (0.96) 0.020 (0.70)
Bilirubin 0.076 (0.24) 0.064 (0.41) 0.060 (0.44)
INR 0.055 (0.54) 0.088 (0.27) 0.059 (0.52)
AFP >180 ng/ml 0.012 (0.83) 0.004 (0.96) 0.029 (0.80)
Albumin <3 mg/dl 0.031 (-0.66) 0.021 (0.72) 0.003 (0.94)
GGT 0.059 (0.72) 0.055 (0.51) 0.030 (0.48)
Portal thrombosis 0.004 (0.96) 0.020 (0.70) 0.004 (0.96)
Ascites 0.002 (0.98) 0.004 (0.96) 0.019 (0.82)
Hepatosplenomegaly 0.060 (0.74) 0.003 (0.94) 0.039 (0.59)
BCLC

A 0.076 (0.33) 0.086 (0.25) 0.055 (0.54)

B 0.045 (0.67) 0.036 (0.24) 0.045 (0.67)

C 0.033 (0.60) 0.001 (0.99) 0.027 (0.78)

HCC, hepatocellular carcinoma; Tag-72, tumor-associated glyocoprotein; HERCS, HECT and RLD domain containing E3 ubiquitin protein
ligase 5; GGT, y-glutamyl transferase; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; INR, International Normalized Ratio.

A Survivin B C HERCS
1.0 . 1.0
n.a-—’_’J o 0.8 .
=z o = z o~
2 064 = 2 06
£ 3 3
& 044 o 2 & 044
024 .7 AUC 0.96 024 - AUC 0.88 02{ .7 AUC 0.78
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Figure 1. Area under the curve (AUC) for the liver tissue biomarker used for HCC diagnosis: (A) Survivin-1, (B) Tag-72, and (C) HERCS5. HCC, hepatocellular

carcinoma; Tag-72, tumor-associated glyocoprotein 72; HERCS5, HECT and RLD domain containing E3 ubiquitin protein ligase 5.

respectively) and with low serum albumin <3 mg/dl (P=0.031,
P=0.021, P=0.003, respectively) as well as in patients with
imaging features of portal thrombosis (P=0.004, P=0.020,
P=0.004, respectively) and ascites (P=0.002, P=0.004,
P=0.019, respectively) and in BCLC B class (P=0.045,P=0.036,
P=0.045, respectively) and C (P=0.033, P=0.001, P=0.027,
respectively) classified patients (Table II). Overexpression
of the studied biomarkers did not correlate positively with
cytolysis and other cholestasis tests or with the remaining
clinical or imaging features of HCC (Table II).

Diagnostic accuracy of Survivin-1, Tag-72 and HERCS for
HCC. Survivin-1 tissue biomarker had an AUC of 0.96 [95%
confidence interval (CI), 0.90-1.00] for the diagnosis of HCC,
with 90.0% sensitivity, 100% specificity, 100% PPV, and 94.2%
NPV for an optimal cut-off value of 0.3 (Fig. 1A and Table III).
Tag-72 tissue biomarker had an AUC of 0.88 (95% CI,0.78-0.94),

with 72.8% sensitivity, 95.6% specificity, 82.2% PPV, and 84%
NPV for an optimal cut-off value of 0.3 (Fig. 1B and Table III).
HERCS had an AUC of 0.78 (95% CI, 0.66-0.84), with 65%
sensitivity, 86% specificity, 77.4% PPV, and 72.3% NPV
(Fig. 1C and Table I1I) for an optimal cut-off value of 0.3. AFP,
still considered the gold standard biomarker used in clinical
settings and recommended by the international guidelines for
HCC management, had an AUC of 0.34 (95% CI, 0.28-48) for
the diagnosis of HCC, with 38.0% sensitivity, 66% specificity,
64% PPV, and 68.8% NPV for an optimal cut-off value of
180 ng/dl (Fig. 2). The diagnostic performance of Survivin-1,
Tag-72 and HER-C5 tissue biomarkers for HCC charac-
terization was superior to that of AFP, considered the gold
standard biomarker used in clinical guidelines (Survivin-1: Z
statistic=2.911, P=0.0039; Tag-72: Z statistic=2.789, P=0.0049,
respectively; HERCS: Z statistic=2.844, P=0.0043) and AFP
assay alone (Z statistic=5.022, P<0.0001) (Table IV).
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Table III. Accuracy parameters of Survivin-1, Tag-72 and HERCS5 for HCC diagnosis.

Tag-72 HERCS

Survivin-1
AUC (95% CI) 0.96 (0.90-1.00)
Accuracy (%) 97.2
Sn (%) 90
Sp (%) 100.0
PPV (%) 100.0
NPV (%) 942

0.88 (0.78-0.94) 0.78 (0.66-0.84)

804 75
72.8 65
96.6 86
82.2 774
84.0 72.3

Tag-72, tumor-associated glyocoprotein; HERCS5, HECT and RLD domain containing E3 ubiquitin protein ligase 5; AUC, area under the ROC
curve; Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPN, negative predictive value.

Table IV. Diagnostic performance of Survivin-1, Tag-72 and HER-CS tissue biomarkers for HCC compared to gold standard AFP.

Survivin-1

Diagnostic performance z statistic (P-value)

HERCS
z statistic (P-value)

Tag-72
z statistic (P-value)

AFP 2911 (0.0039)

2.789 (0.0049) 2.844 (0.0043)

Tag-72, tumor-associated glyocoprotein; HERCS, HECT and RLD domain containing E3 ubiquitin protein ligase 5; AFP, a-fetoprotein.

AFP
1.0

0.8+

0.6+

Sensitivity
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Figure 2. Area under the curve (AUC) for AFP used for HCC diagnosis.
AFP, a-fetoprotein; HCC, hepatocellular carcinoma.

Discussion

Immunohistochemistry represents a research tool with large
applicability of monoclonal and polyclonal antibodies in
detecting a specific antigen with a high potential for a positive
diagnosis (16). This method is largely used to diagnose malig-
nant tumors, but it presents an area of interest for numerous
applications useful not only for positive and differential diag-
nosis butalso to provide aresearch field in the attempt to identify
prognostic markers for cancer evolution, to confirm the posi-
tive diagnosis of tumors with uncertain histogenesis, to predict
the response to treatment and to identify or confirm certain
infections (7,17,18). Such biomarkers facilitate the efforts of
researchers for a better understanding of HCC pathogeny, to

provide more efficient therapies, and to improve disease prog-
nosis. Epidemiology data confirm the persistent high global
morbi-mortality rates for HCC, which are more consistent in
endemic areas for chronic viral infections, such as Asia, the
Middle East, Mediterranean countries, South America, and
Africa (19-22). The current guidelines use a single biomarker
for HCC follow-up, this being a-fetoprotein (AFP). The litera-
ture reports a low accuracy for AFP, and declines its role as
a potent prognostic tool, thus new liver tissue biomarkers are
being explored worldwide to improve HCC management (5).
The difference between various etiopathogenic mechanisms
involved in liver primary carcinogenesis makes it difficult
to standardize a global panel of liver tissue biomarkers to
simplify disease management. Using this scenario, having
literature models from other studies conducted in different
populations, we evaluated the expression of three liver tissue
markers, aiming to confirm their overexpression in HCC
tissue in patients from the Dobrogea area and to provide the
background for further research for prognostic predictability
or patient classification in risk groups. Our study demonstrated
the same pattern of demographic, clinical, and laboratory
features as the majority of published data, with a high preva-
lence of viral infections and alcohol abuse leading the risk
factor background, and male gender and middle age, being the
main characteristics of our patients. All liver tissue biomarkers
explored provided a good accuracy for HCC diagnosis: 97.2%
for Survivin-1, 80.4% for Tag-72, and 75% for HERCS, similar
to the literature data (10,12,13). AFP over the upper limit did
not prove to have diagnostic or predictive value for HCC,
similar to other literature articles (23-26). Still, values over
180 ng/dl were highly predictive, and they were found to be
positively correlated with all biomarkers studied, Survivin-1,
Tag-72, and HERCS (r=0.83,1=0.96, r=0.80, respectively). Our
study results confirm the background hypothesis, indicating the
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overexpression of Survivin-1, Tag-72, and HERCS as feasible
biomarkers with which to diagnose HCC. Larger IHC studies
should sustain the accuracy of the proposed tools before their
introduction to international HCC management guidelines.
Comparative study with other methods of diagnosis and prog-
nostic evaluation used and other types of carcinomas, such
as the study of neoangiogenesis or nuclear morphometry, can
bring new useful data both in regards to diagnosis and in the
prognosis of the disease (27,28). Despite the importance of our
study results, our work had limits due to the increased costs of
study materials, a fact that influenced the number of samples
evaluated by immunohistochemistry, a problem partially
solved by the funds gained through university research grant
competition.

In conclusion, our study results validate the overexpression
of Survivin-1, Tag-72, and HERCS as tissue biomarkers for
HCC characterization in patients from our geographical region
and could be standardized in the current HCC management
guideline.
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ABSTRACT

wn. The objective of this investigation is to pinpoint the influence of the
alvary pH ca the hardness of the dental enamel. Method, The study was realized using
womtly extracied 6 nom-caricus wisdom teeth, that were immersed in soluticns of
diffesert pH (between 2.5 and 6.5) for 3 minutes, soluticons that woeld simulate the pH
of the orsl cavity m patients with a potential condition of gastroesophageal reflux
dsease. The hardness of the enamel was tested using the Vickers method. Results show
fant there are no statistically significant differences (p> 0.05) between the average
valoes of hardness of the specimens immersed in pH £5, 65 ond control growp
gecimens, while among all other specimens immersed m pH = 2.0 w 5.0 compared o
e control group sample, there are statistically significant &fferences (p <0.05).

Conclusion. The study highlighted the fact that kowering the pHl value also entails #
Gecrease in the dental enamel hardness, which is sigaificanly depreciating.
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wisdom teeth, Vickers hardness et
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reported in the range of 322 1o 353 VHN [3.4]. This board varistion on.,d,."' beay
anbepmdwodbyvmractomwdlasgeclm Mion,“m"“ﬂ
reading eevor [5], varation in chemical composition [6], age and kvation ;, ""hhui

ﬂomwba!u\upo&nmnobundl?l.

METHODS

The hardness of the enamel was tested using the Vickers method [8,9). 13

itself requires the impression of each study specimen with a dismond indeqgsy
specified load and for 8 specified dumation. After kudremoval diagonals (d, w‘:).l‘
the indcnuﬁoammenndmd.inorduwdcttmmcﬂuhmofumm
the following equation was used:

136
2F s | ——
HY = —dz-z—'-)z 1.354%

Where: F=load in Kgf, d=average between oy and da.

In order 1o measure the hardmess of 4 specimen (sample), each one has to be procesed
sccondingly %o the study. Therefore, the test surface has 10 be plain snd cleam of debeis
or fat substances and the width of each experimental place has to be at beast 10 times
wider than the depth of the indentation mark. Each small sample piece was covered
plastic material that has the corresponding stretch resistance, 50 It can be fived in the
vise of the microbardness tester,

Six wisdom tecth (M1, ..., M6) recently extracted were used in the study. Each molar
was sectioned longieudinally, thus forming 12 specimens (M1A, M1B; ..; MEA, MsB),
which were grouped ingo two loes: Lot (Mia, Mia, Msa, Mag, Mg, Man) and Lot (Mo
Mea, Mis, Maa, Mia, Mss) with 6 samples cach. Six solutions were prepared widh the
following pH values: 2.5, 3.5, 4.5, 5.0, 5.5, 6.5 . In these solutions, two specimens, 09
from cach ko, were introduced for 3 minutes. In cach sample, 15 impeints W
produced and the corresponding hardness values were determined for esch impn®
cbtained. The average hardness values obtained were compared within each fot in ardet
0 determine what is the effect of the pH of the solution on the dental ename]

Ala, the average hardness values were compared at each pH between Lot and Led
Specimens. The dala was processed with the MedCalc 14 program. Descip™®
sraphical, parametric statistical tests were used (Test-t for avernge companson of 190

independent sampies, One-Way ANOVA Test),

RESULTS AND DISCUSSIONS
Ha
M“"’*"M‘.ﬂﬂﬁrdﬁ“” trented spocimmess o7

105, In cach sammnd control group (M, .., M) were subjected 10 3 '0,(}“ i
least 2"‘“’“0»6’.1;?,::’:&':?” Pu‘:lﬁ in 2 rows) were used at 8 d'wor
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P e o h srame e cauly sy o g oo
gyametry (S ) e & oo 1 3 canskdered valid only If sigfobrsd
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Figure 1. Enamel imprint, sample M, (left) and sample Ms (right), Time = 10, Load =
100gf

The hardness values of dental enamel for samples (M1, ..., M6) were between 320-334

Kglimm2, results that are consistent with literature data.

Table | Summary statistics e s e Bl

| Enuuemgrdnam_cﬁtj_l Sehin
e | M1 ] M2 | M3 | M4 | M5 | M6
Man | 327.34 326.19 328.57 329.64 32731 325919

o 35127 33366 | 24614 24508 38573 41661
Minimam | 32054 322.00 | 325.00 32553 322.00 321.00
[Masium | 332,00 | 33285 | 33337 33400 332.15 3320

The mean hardness values for the specimens (M1, .- M6) were compared by one-pass
OscWay ANOVA test and also |:cscupplcmcnmy PostHoc (St!ndem-Newm-Keﬁ
) analysis, test that allows the specification of 8 significai difference between
Vilues analyzed environments if that is the €ase, and which differs from one medium (0
Lother, The significance level chosen for the test was a = W . The et
ANOVA test canfirms that there are wggm_wm“w (F=1. > Ip
“0136> ¢ = 0,05) between the average hardness values determined at gpc;c;du:l;‘ s
=+ M6, reason for which all the (Figure 2) 60 obtained values were in¢

%“m‘mlmup.

Mﬁ'w al
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jon Bar and Error-Bar (Average<SD) for the values ¢ g,

P"‘,':;W waor the specimens M1...M6, Time=10 5, Load = 105

Hardness anslysis of dental enamel for chemically treated specimens

The muwmwndingtomcmhgsmsubjeuedwn 100gf load for 10
u:hﬁ?inpfds (5 I 3 roms) were placed in each sample at a distance of at least 25
times the diagosal of one indentation and only afier that the corresponding handnes
values were determined (Figure 3). The average hardmess values obtained wene
wmm:dmadlalnodauodmmdm in what way the pH of the solstin
affects the hardness of the dental enamel. Also, the average hardness values ot each pH

were comparad between secimens from Lot and Lo€2,

Figure 3. Enamel imprint - Lot - sample My at pH = 6.5 (left) and Lot - sampie Mo
ut pH= 2.5 (right), Time=10s, Load = 100gf.

T&IS.-N",!.*&, table

Somplenil | aea | oo Mamel Hardoess [Kgfimm’) - Lotl

::o-m 4 & ' 35pH  4spH | sopH | sspH | 6spH

e O} A =2

3 T 7?;;?5 ILB61 319900 323646 326,417 320,578 3745

Miimsm 19 255 | 28891 | 32837 ' 41989 | 26686 34956 "‘;
T I,

oo | 7, | | 389
Maximm “Jmmj""@,lls.oou_;,o_wo 322,000 322700
N 16.000 | 325,000 330,500 330,000 333000 pa
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- Enamel Hardoess [Kgfmar'] - Lo ]
“”H a2sp | 3SpH | 4.5pH l 50pH  5.5pH J 6.5pH  Martor
{ — -——’—°"‘1— > - e s . ot it SN T
g 29,995 312,583 320,46) 322883 325802 326971 327498
34476 1979 24078 37705 27501 13283 34706
o l 203,000 309,840 | 317920 317,000 321,000 320,500 320,540
.g!ﬂ---J 34820 | 317.500 326,000 | 329,000 330,000 331,010 334.000

A48

oo " :
STAricy el e

Q‘le ANOVA test 3‘”\\'5 P ETE L4 naa
™ jeast two of the average hardness values of the compared specimens: F =
0.05, for Lot] (Figure 4} F = 178.57, p <0.001 <a = 0.05 for

L2 (Figere )

the PostHoc (Student-Newman-Keuls test) analysis, it can be argued that
are 1 J between the average values of
e s immersed in pH 3.3, 6.5 and conirol group specimens, but the otber
qecinzss imemersed in solutions with pH = 2.0, 3.5, 4.5, 5.0 and specimens immersed
ol = 55, 6.5 solutions wgcthe; v;')ith the control group specimens,

mmmwmmMmmormmlmlwﬂlm

=0 ,
o

Mean Hardness [Kgf/mm2)
3

Sample

:,',,"“"P'“c representation Bar and Error-Bar (AverageSD) for the values of the
enume| hardness for the specimens in Lot | and specimens in the coatrol group,
S Time=10 s, Load = 100gF

hhs“ﬁ%cl
03593/SWS.ISCSS.2019.3 an
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Graphic representation Bar and Error-Bar (Average<SD) for the values of the
wmlwmtbfmespecmmw | and specimens in Lot 2 for
comparative analysis, Time=10 3, Load = 100gf

R
| 2 e
S e f

Sampie Samplit

Figure 7 Graphic repeesentation Box-and-whisker and Error-Bar (Average + SD) for
fhe vishues of enamel hardness, Lotl + Coatrol Group (keft), Loi2 + Control Group
(right), Time = 10s, Load = 100gf.

CONCLUSION

T sty obtained in this study show that there are no statistically significant

; ""“’(P’oﬂs)buwmmewmgcnlmdham&m«-melm

"'.““‘i"PHSJ.G.Swdconmlmupcmmelspadmﬂﬂkmwlﬂlm

eimers immersed in pH = 2.0, 3.5 , 45, 5.0 compared to the coatrol group sample.
are sutistically significant differences (p <0.05).

&m highlighted the fact that lowering the oral pH value also entails a decrease in
: eramel hardnes pig 8 acant]
i 25 e patent *'I:Wnﬁuxw and salivary pH under 5

m':‘ “*Mhmmofmmmwmmwlmamw
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ABSTRACT

Introduction and aim: The investigation of potential systemic risk factors, such as cardiovascular disease and diabetes, for
periodontal disease.

Materials and methods: A cross-sectional sample consisting of 395 dentate adults (mean age 54 +13), 55.7% female and 44.3%
male, were enrolled in the study. Subjects attended periodontal care between 2016-2017 in Constanta, Romania (participation rate was
82%). The self-reported CVD and diabetes were recorded for the study. Clinical parameters such as periodontal probing depth (PPD)
and bleeding on probing (BOP) were measured in order to assess the periodontal status. For the purpose of this study and in order
to correlate the systemic status to the periodontal status, all patients were categorized according to their maximum PPD: either PPD
<4 mm (no periodontitis) or PPD >4 (periodontitis). The data was analyzed using IBM SPSS statistics software version 20. Results:
Patients with known CVD are more likely to have pockets deeper than 4 mm (periodontitis) OR = 5; 95% confidence interval (CI):
2.41-10.34. Self-reported diabetes was positively associated with the risk for periodontal disease with pockets deeper than 4 mm OR
=3.12;95% CI: 1.18-8.25. No statistically significant relation was found between BOP and the presence of CVD (p=0.09), as well as

between BOP and diabetes (p=0.161).

Conclusion: Cardiovascular disease and diabetes act as potential risk factors for periodontal disease, but gingival inflammation
assessed by bleeding on probing was not proven to be influenced by CVD or diabetes.

Keywords: periodontal disease, diabetes, cardiovascular disease, periodontal pockets, risk factor.
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Introduction

Periodontal disease is a chronic inflammato-
ry-infectious disease, initiated by the presence of a
bacterial biofilm, which affects both the periodontal
ligaments and the alveolar bone, with the occurrence
of periodontal pockets. As the disease progresses, the
periodontal pockets deepen, and the untreated dis-
ease leads to tooth loss. Many systemic conditions
are proved to interfere with the onset of the perio-
dontal disease and aggravate its evolution. Some of
these conditions, such as diabetes and cardiovascular
diseases (CVD) could be included among risk fac-
tors for periodontal disease, according to recent find-
ings. Some literature studies suggest that periodontal
disease (PD) itself can be involved in the etiology
of some systemic pathology, especially CVD, due to
periodontopathogen bacteria residing in periodontal

pockets, bacteria which can enter in systemic blood
circulation™.

On the other hand, periodontitis is a very com-
mon oral pathology in developed and developing
countries®?. The identification of risk factors for
periodontitis is essential to improve the understand-
ing of the disease pathogenesis and to establish ef-
fective health preventive strategies. It has become
very important to identify the risk factors that make
patients susceptible to PD. Some studies recognize
smoking, diabetes and some pathogen bacteria as
true risk factors, whereas some background factors
have been regarded as risk indicators“~.

Other studies demonstrate a significant associ-
ation between periodontal disease and future cardio-
vascular events. Common risk factors such as diabe-
tes and smoking are shared between cardiovascular
and periodontal diseases®.



Cristina Gabriela Puscasu, Elena Dumea et Al

In diabetic patients, the uncontrolled periodon-
tal infection can make the glycemic level difficult
to control. The less diabetes is controlled, the more
severe the periodontal destruction becomes”. From
this point of view, a collaboration between the cli-
nician and the periodontist might help control these
pathologies. However, it is important to underline
that several recent studies failed to show an associa-
tion between diabetes and periodontal disease®. For
this main reason, further investigation is needed to
confirm the potential link between these two highly
prevalent disorders.

Many epidemiological studies have identified
statistically significant associations between perio-
dontitis and cardiovascular diseases®. Also, this as-
sociation is not without dispute"*-'". Some previous
studies investigated the role of infection in CVD!2.
In fact, periodontal disease has an infectious etiol-
ogy, which can lead to the assumption that these
pathologies can be somehow connected. Pro-inflam-
matory mediators involved in hyperglycemia have
also been associated in some studies with periodon-
titis, also indicating increased cardiovascular disease
risks'?. The prevalence of coronary heart disease in
some cross-sectional studies was greater among in-
dividuals with periodontitis than in subjects without
periodontitis¥.

In any case, different prevalence rates of per-
iodontitis in populations with different age groups,
ethnicity, geographic location, can make it difficult
to assess the association between periodontitis, di-
abetes and cardiovascular disease. There are not
many studies on this topic to refer at the Romanian
population. Thus, the aim of this paper was to in-
vestigate the potential systemic risk factors, such as
cardiovascular disease and diabetes, for periodontal
disease in a cross-sectional group from Constanta
city, Romania.

Materials and Methods: A cross-sectional sam-
ple consisting of 395 dentate adults, age >30 years
(mean 54+13),55.7% female, 44.3% male, was used
in order to assess the link between periodontitis and
CVD, or periodontitis and diabetes. The self-re-
ported systemic condition was used in evaluation.
In addition, periodontal probing depth (PPD) and
bleeding on probing (BOP) were used in order to as-
sess the periodontal status and inflammation. For the
purpose of this study and in order to relate systemic
status to existence of periodontal disease, all patients
were categorized according to their maximum PPD:
either PPD of <4 mm (no periodontitis), or PPD of
>4 (periodontitis).

The data was analyzed using IBM SPSS statis-
tics software version 20.

Study design. Subjects were selected from pa-
tients attending dental care in the Faculty of Dentist-
ry Constanta and Clinical Infectious Diseases Hos-
pital Constanta, Romania. The study was conducted
during 2016-2017.

Data collection. All subjects have undergone
periodontal examination and have filled in a ques-
tionnaire regarding their demographic features, daily
oral hygiene, frequency of tooth brushing, lifestyle,
cardiovascular pathology, known diabetes condition,
as well as smoking habits. An informed consent was
obtained both to collect data using a structured ques-
tionnaire, and for the dental examination. In order
to assess the reliability of the self-reported data, 15
subjects of the study sample were asked to fill in the
questionnaire again. This was made 14-20 days after
the first appointment. The history of cardiovascular
disease (CVD) and diabetes of the participants were
established by direct inquiry.

Screening procedure for PD

A previously standardized dentist performed
the oral examinations with a periodontal probe, a flat
dental mirror, while the patient was sitting on a den-
tal chair. Periodontal probing depth (PPD), bleeding
on probing (BOP) and Community Periodontal In-
dex (CPI) were used to assess the periodontal condi-
tion. The BOP was recorded for each patient imme-
diately after the pocket depth measurements.

For the purpose of the study the results were
dichotomized as follows: (1) no bleeding on gentle
probing; (0) bleeding on gentle probing. All perma-
nent fully erupted teeth, excluding third molars and
radices, were examined with the manual CPI perio-
dontal probe with a 0.5mm ball tip, black bands at
3.5-5.5 mm, and rings at 8.5 and 11.5 mm from the
ball tip. Six sites per tooth were assessed in the me-
siobuccal, midbuccal, distobuccal, distolingual , mid-
lingual and mesiolingual sites, in order to determine
the maximum PPD per each tooth. Only the depth
of the deepest pocket for each tooth was recorded
for the study in the chart of the patient. The detailed
procedure has been described by Lai and coll.".

The maximum CPI score for each patient was
recorded according to the following scale: (0) per-
iodontal health; (1) gingival bleeding; (2) calculus
detected during probing; (3) pocket 4 to Smm deep;
and (4) pocket 6mm deep and over. The Simplified
Oral Hygiene Index (OHI-S) was used to assess the
oral hygiene level. The OHI-S has two components,
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the Plaque Index (PI) and the Calculus Index (CI).
For a proper periodontal health, PI and CI should be
under 1 value, if possible close to 019,

Ethics

Ethical approval for the study was obtained
from the local ethics committee. In addition, each
patient signed an informed consent for the use of
their data in this study, prior to the admission the
study. The identity of all subjects was kept anony-
mous.

Subject eligibility

Subjects qualifying for the study met the fol-
lowing inclusion criteria:

e over 30 years of age;

e more than 10 natural teeth in the mouth;

e regular manual or electric toothbrush users.

Patients were excluded for one of the following
conditions:

* severe systemic pathology such as malignan-
cies, leukemia, genetic syndromes.

* pregnancy

« if any antibiotic was taken 4 weeks before the
examination (antibiotic intake can improve short-
term the level of gingival inflammation assessed by
bleeding on probing)

e chronic drugs or alcohol consumers

Statistical analysis

The statistical analysis was performed using
IBM SPSS statistics software version 20. Descrip-
tive statistics were performed for all patients as well
as within the subgroups of diabetics, non-diabetics,
patients with CVD, patients with not known CVD
and patients categorized with or without periodon-
titis (according to maximum PPD). The Odds ratios
(OR) and relative risk (RR) were calculated in order
to assess the studied systemic diseases risk for the
occurrence of periodontal disease.

Results

From the total number 480 of patients invited
to participate, 395 agreed to participate in the study,
220 (55.7%) were female and 175 (44.3%) male.
The participation rate was 82%. The age interval of
participants was 31-85 years old, (mean 54+13).

From the total sample of patients, 12.7%
(n=50) reported the existence of cardiac pathology
and 5.3% (n=21) are diabetics. There are no patients
with both CVD and diabetes (table 1).

3
Valid Per- Cumulative
Frequency Percent
cent Percent

Healthy 324 82.0 82.0 82.0

CVD 50 12.7 12.7 94.7
Diabetes 21 53 53 100.0

Total 395 100.0 100.0

Table 1: Distribution of subjects according to systemic
status.

The comparison of periodontal status in terms
of oral hygiene and presence of pockets, according
to systemic condition is shown in table 2

Systemic status N Min Max Mean Std. Deviation

PI 324 0.00 3.00 1.4442 71715
CI 324 0.00 3.00 1.2590 77237

Healthy
CPI 324 0.00 4.00 2.5679 85750
PPDmax (mm) 324 0.00 13.00 3.5432 2.61479
PI 50 33 3.00 1.9186 61112
CI 50 33 3.00 1.7730 71651

CVD

CPI 50 2.00 4.00 3.2000 72843
PPDmax (mm) 50 1.00 11.00 5.0600 227596
PI 21 20 3.00 1.4029 66210
CI 21 15 3.00 1.5548 1.01758

Diabetes
CPI 21 2.00 4.00 3.3333 85635
PPDmax (mm) 21 1.00 11.00 5.4048 2.90525

Table 2: Periodontal and systemic status.

The mean of PI and CI are increased in pa-
tients with cardiac pathology, as compared to
healthy subjects. The CPI scores are higher in
patients with diabetes and CVD, as compared to
healthy subjects, values of 3 and 4 of CPI suggest-
ing periodontal involvement, with existence of
periodontal pockets (table 2).

Also, the medium values for CPI scores cal-
culated (One-Way Anova) for groups of healthy,
CVD and diabetic subjects differ significantly (F =
18.69; p <0.001 < a =0.05). The Post-Hoc Multi-
ple Comparations — Tamhane (Leven = 2.534, df1
=2,df2=392,p=0.048 < o =0.05) shows signif-
icant differences between medium values of CPI
for groups with no systemic pathology (CPI=2,56)
and CVD (CPI=3,20), p<0.001 < a = 0.05, as well
as groups of no systemic pathology (CPI=2,56)
and diabetes (CPI=3,33), p = 0.002 < o = 0.05.

Regarding the oral hygiene status, assessed
by plaque index (PI) and calculus index (CI), the
medium PI scores calculated (One-Way Anova)
separately for groups of healthy, CVD and diabetic
subjects differ significantly

(F=10.11; p=0.011 < a = 0.05). The Post-
Hoc Multiple Comparations - Tamhane (Leven =
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4558, dfl =2,df2 =392, p =0.011 < a =0.05)
show significant differences between healthy
(PI=1,44) and CVD (PI=1,91) groups, p< 0.001 <
a = 0.05, but between healthy (PI=1,44) and dia-
betes (PI=1,40) groups there is no significant dif-
ference (p = 0.990 > a. = 0.05).

The medium CI scores calculated (One-Way
Anova) separately for groups of healthy, CVD and
diabetic subjects differ significantly (F = 10.24;
p <0.001 < a =0.05) and the Post-Hoc Multiple
Comparations — Tamhane (Leven =4.299, df1 =2,
df2 =392,p =0.014 < a = 0.05) show significant
differences between healthy (CI=1,25) and CVD
(CI=1,77) groups, p < 0.001 < a = 0.05, but be-
tween healthy (CI=1,25) and diabetes (CI=1,55)
groups there are no statistically significant differ-
ences (p = 0.497> a = 0.05).

The maximum periodontal pocket depth
(PPD) assessed by probing for every patient was
compared within the three subgroups: healthy
patients, patients with CVD, and diabetics. The
differences between the median values of PPD
maxim are statistically significant (F = 11.49; p <
0.001 < a = 0.05). The Post-Hoc Multiple Com-
parations — Tamhane (Leven = 2.505, dfl = 2, df2
=392, p =0.043 < a = 0.05) show differences be-
tween healthy (PPD=3,54) and CVD (PPD=5,06),
p < 0.001 < a = 0.05, and also between healthy
(PPD=3,54) and diabetes (PPD=5,40), p = 0.027
<a=0.05.

Risk analysis found dependent relation be-
tween periodontitis with pockets deeper than 4mm
and cardiovascular disease (CVD) OR=5, 95% CI
for OR: 2.41-10.34 (y2calc = 21.09,df =1, p <
0.001 < a =0.05). Those findings suggest that the
risk to find pockets deeper than 4 mm in the group
with CVD is 5 times higher than in the group of pa-
tients without systemic pathology. The bleeding on
probing (BOP) was not associated with the CVD
(p=0,09). Self-reported diabetes was positively as-
sociated with the risk for periodontal disease OR =
3.12; 95% CI: 1.18-8.25, (y2calc =5.77,df =1, p
=0.016 < a =0.05). The risk to find deep pockets
in patients with diabetes is 3.12 times higher than
in patients without systemic pathology. No statis-
tically significant correlation was found between
BOP and diabetes (p=0.161). Sex was not found to
be a risk indicator for CVD (p =0.186 > a =0.05),
or for diabetes (p = 0.482 > a = 0.05).

Discussion

Using a population-based study to assess
periodontal status in adults aged 31-85 years old,
we found that the risk of having deep periodontal
pockets in subjects with diabetes was 3.12 times
higher than in those without diabetes, in both men
and women. However, PD is also a systemic dis-
ease and may also be affected by other etiological
factors, as shown recently by Albandar et al'”. The
review of literature studies leads the researchers
to the conclusion that diabetes is strongly associ-
ated with periodontal disease'®. Tylor suggested
a bi-directional relation between diabetes and PD,
which means that each disease influences the oth-
er'™. Also, their findings show a similar risk rate
of 4,2 regarding the periodontal destruction in
diabetics as compared to non-diabetics. Several
limitations in the present study should be consid-
ered. First, the diabetes status was self-reported,
we could not correlate the level of glycemia with
periodontal status. Second, regarding any causal
relationship between diabetes and PD, our study
cannot account for the temporal relationship be-
tween diabetes and PD. Also, there is evidence that
periodontal inflammation may itself contribute to
the onset and persistence of hyperglycemia, be-
cause inflammation is associated with inadequate
glycemic control in individuals with diabetes"®.
We could not find correlation between inflamma-
tion (expressed by bleeding on probing) and the
diabetic status.

The results of our cross-sectional study
showed that there was a link between the perio-
dontal involvement (teeth with periodontal pock-
ets >4 mm) and CVD, but bleeding on probing was
not positively associated with cardiovascular pa-
thology. The findings of our study agree with an
earlier case-control study, where a link between
the number of sites with a pocket depth > 4 mm
and cardiac pathology was reported®”.

Another study found an association between
periodontitis and high systolic blood pressure®!.
Because we could not find correlation between
BOP and CVD or diabetes, we could speculate that
this result occurred since bleeding on probing is
primarily influenced by the degree of plaque accu-
mulation. Therefore, it is difficult to separate the
local factors such as oral hygiene to the systemic
influences when assessing the influence of system-
ic pathology on bleeding on probing.
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Another recent study®” shows no correlation
between the number of teeth with deep periodon-
tal pockets or the number of bleeding sextants and
hypertension.

During the last decades, there has been a great
interest in the impact of oral health, especially per-
iodontitis, on cardiovascular diseases. The findings
of one study resulted in the conclusion that per-
iodontitis and poor oral health overall contribute
to the pathogenesis of cardiovascular disease®.
In our study we also found a poor oral hygiene in
patients with CVD compared to healthy subjects.
Other meta-analysis reports®® show that perio-
dontitis may contribute to CVD and stroke, due to
systemic bacterial exposure from periodontitis, so
the relation between periodontitis and CVD might
also be dual.

Our study has some limitations. First, the
term “cardiovascular diseases” is a broad term and
it should be useful to specifically identified car-
diovascular diseases (i.e. stroke, acute coronary
syndrome, atherosclerosis) which can be linked
to periodontitis. Secondly, the cardiovascular pa-
thology was self-reported, which means that only
patients diagnosed were included in statistical
analysis. It could be possible that many patients
with unknown cardiovascular pathology have been
included in our healthy group. In any case, preven-
tive care and proper lifestyle decisions may signif-
icantly reduce the risk of diabetes, cardiovascular
disease, by maintaining healthy oral conditions.

Conclusion

In conclusion, in this study group, cardio-
vascular disease and diabetes act as potential risk
factors for periodontal disease, in terms of pocket
formation, but bleeding on probing was not prov-
en to be influenced by those two systemic pathol-
ogies. This data suggests that periodontitis may
have overall systemic health consequences in car-
diovascular and metabolic pathologies, and a good
clinician-periodontist collaboration could prevent
future complications of those diseases.
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Abstract. Boutonneuse fever is an eruptive disease from the group of spotted fever caused by Rick-
ettsia conorii having both vector and reservoir a dog tick Ripicephalus sanguineus. In Romania, R.
sanguineus is found during late spring to early autumn, because can develop well at different level
of temperature (20-35°C) and relative humidity (35-95%). Although over the studied period (Janu-
ary 2009 — September 2017) there were no major changes in evolution of average environmental
temperature and humidity, a decreased number of patients with boutonneuse fever was reported,
from 149 patients in 2009 to 31 in 2017. During the analysed period were hospitalised 468 cases of
patients with boutonneuse fever. Repartition by groups of age evidenced that the majority of cases
were in adults, with 416 cases (88.88%), while in children aged between 1 year old and 18 years old
were noticed just 52 cases (11.12%). The majority of patients were female — 249 cases (53.20%),
from urban area — 293 cases (62.60%). The decreasing number of patients with boutonneuse fever
in Constanta area over 9-year study seems to be related rather with extensive prophylaxis after tick
bite, than related with changes in environmental factors.

Keywords: boutonneuse fever, tick, average temperature, average humidity.

AIMS AND BACKGROUND

Boutonneuse fever is an eruptive disease from the group of spotted fever which
is endemic in the Mediterranean basin (Marseille fever, Mediterranean fever)
and the Black Sea (butonneuse fever), caused by Rickettsia conorii, having both
vector and source of a dog tick (Ripicephalus sanguineus). Boutonneuse (French
for spotty) fever was first time described in Tunis in 1910 by Connor and Bruch.
Diseases name is related with papular skin rash noticed during evolution of the

* For correspondence.
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diseases!'. Carducci in 1920 in Italy and Olmer in Marseilles in 1925 described a
mediterranean feverish disease that was called Carducci disease, then Olmer dis-
ease and finally in 1932 received the name of Mediterranean boutonneuse fever.
Meanwhile, Pieri in 1925 describes the ‘tache noir’ or black spot or inoculation
eschar as characteristic of the disease. Durand and Conseil in 1930 demonstrate
the dog tick transmission. In 1932 Brumpt discovers the causal agent: a rickettsia
that he will call in honor of Connor: Rickettsia conorii?.

In Romania, this disease was first described, in 1910, by Serafidi in Constanta.
Initially, it was considered exanthematic typhus but exanthema was a different type
and Weil Felix reaction was negative. Barzanescu and Vasiliu, in 1931, consid-
ered that the number of cases in Constanta was higher because there were more
innaparent or oligosymptomatic cases. In 1948, the disease was first described in
Bucharest area’. There is no inter-human transmission of this disease. Receptivity
is general and there is a seasonality of disease with a peak during the summer?.
The prognosis quo ad vitam is very good, with a low mortality rate®. The prognosis
quo ad sanationem is very good.

The tick is the main source due to Rickettsial permanent transovariane trans-
mission (hereditary) which ensures permanent survival of germ. The main vector
of the disease in Dobrogea is Ripicephalus sanguineus (dog tick), Broophilus
anumlatus, Dermacentor and Haemaphysalis species. The most important natural
source are dogs, but other mammalian species may also be involved: sheep, cattle
and only rarely cats>.

It is already well known that in tropical and subtropical areas R. sanguineus
is found throughout the year*® whereas in temperate region, like in Romania, this
tick is found during late spring to early autumn®’. Also it has been proved that
R. Sanguineus can develop well at different level of temperature (20—35°C) and
relative humidity (35-95%) (Ref. 8).

Although this tick is, a parasite of dog occasionally it can parasitize other
hosts like humans. Tick R. sanguineus is a vector for different disease agents like:
Coxiella burnetti, Ehrlichia canis, Rickettsia conorii and Rickettsia rickettsia®. It
is also very well-known from the literature that the higher is the level of environ-
mental infestation, the higher is the risk of human exposure to R. sanguineus>.

EXPERIMENTAL

We performed a retrospective and prospective study about adults and children
cases with butonneuse fever hospitalised in Constanta Clinical Infectious Diseases
Hospital over a period of 9 years, between 2009-2017. Over the studied period
we analysed 468 cases of patients with boutonneuse fever from demographic and
seasonality point of view. It was checked some correlations between number of
patients hospitalised with boutonneuse fever and evolution of temperature and
humidity in Constanta area.
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Material consisted in collecting retrospective data of patients with boutonneuse
fever that were hospitalised in Constanta Clinical Infectious Diseases in a period
of 9 years. Also, it was analysed evolution of environmental factors as average
temperature and humidity in the same studied period.

The selected settings were Constanta Clinical Infectious Diseases Hospital
departments for adults and children, cases who required hospitalisation for bou-
tonneuse fever.

Methods consisted in collecting demographic data of patients hospitalised
with boutonneuse fever in Constanta County. It was analysed the evolution of
yearly cases during the late spring, summer and early autumn. We also checked
if there are some changes in environmental factors (temperature or humidity) that
can influence the disease evolution (decreasing number of patients that required
hospitalisation for boutonneuse fever).

Statistical analysis was performed by MedCalc 14.8.1. For comparison of two
shares, we used as nonparametric test Chi-squared test.

In order to publish these scientific data it was obtained the informed consent
of patients or guardians and also the agreement of Ethic Committee of Clinical
Infectious Diseases Hospital of Constanta.

RESULTS

In a period of 9 years, between 2009-2017, in the Constanta Clinical Infectious
Diseases Hospital, which is a tertiary hospital of Infectious Diseases for Dobrogea
region, were hospitalised 468 cases of patients with butonneuse fever, during a
period of 5 months (May—September). 9 additional cases were registered in April
and 3 cases in October which were excluded from statistical analysis due to their
discontinuous occurrence. From the total number of cases analysed, the highest
number, 149 patients, were hospitalised in 2009 and 27 patients in 2012, respec-
tively. The disease, similarly to other Mediterranean countries, are reported during
the last months of spring, summer and the first month of autumn'®, The repartition
of cases by month and years is presented in Fig. 1.

The repartition by groups of age presented in Fig. 2 shows that the majority
of cases occurred in adults, with 416 patients (88.88%), while in children aged
between 1 year old and 18 years old were noticed just 52 cases (11.12%). The
majority of patients were female — 249 cases (53.20%), and from the urban area —
293 cases (62.60%).

The average temperature, measured in Celsius degrees (°C) for the studied
period, presented the same trend; environmental temperature increased during
the spring and summer, with peaks in July and August and then the temperature
decreased during autumn. Trend of temperature during the studied period and
months are presented in Fig. 3 (Ref. 11).
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Fig. 1. Repartition of patients by years and months during 2009-2017
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Fig. 3. Evolution of average temperature over the studied period (2009-2017)

Regarding the evolution of average humidity over the studied period, as we
can see in Fig. 4, we noticed the same trend in evolution, with exceptions in 2010,
2011 and less in 2014, when, in June and July, the average humidity was higher
than in the other years of the studied period.
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Fig. 4. Evolution of average humidity over the studied period (2009-2017)

Although over the studied years there were no major changes in the evolution
of average environmental temperature and humidity, we noticed a lower number
of patients that were hospitalised with boutonneuse fever when we compare 2009
with all other years from the studied period.

Table 1. Comparison between the number of cases per month during 2009 and 2017

Month 2009 2017 p value
total NI pl %pl  total N2 p2 %op2

May 149 30 02013 20.13 31 8 0.2581 25.81 0.481

June 149 25 0.1678 1678 31 7 02258 2258 0.442

July 149 37 02483 2483 31 6 0.1935 19.35 0.515

August 149 52 03490 3490 31 5 0.1613 16.13 0.041

September 149 5  0.0336 336 31 5 0.1613 16.13 0.005

In August 2009, there were diagnosed 52 cases out of a total of 149 patients,
and in August 2017, there were 5 cases out of a total of 31 patients, as it is shown
in Table 1. Between the share of patients registered in August 2009 p1 = 0.3490
(34.9%) and the share of patients registered in August 2017 p2=0.1613 (16.13%),
there are considered statistically significant differences p =0.041 < o =0.05 (Chi-
squared test for the comparison of two proportions).

In September 2009, there were registered 5 cases out of the total of 149 patients,
and in September 2017 there were 5 cases out of a total of 31 patients. Between
the share of patients registered in September 2009 p1 = 0.0336 (3.36%) and the
share of patients registered in September 2017 p2 = 0.1613 (16.13%), there are
considered statistically significant differences p = 0.005 < o = 0.05 (Chi-squared
test for the comparison of two proportions).

The same comparison between May, June and July months performed for the
first year — 2009 — and the last year — 2017 — of the studied period evidenced that
there was no statistical significance regarding the number of cases.
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The same comparison performed between 2009 and all other analysed years
of the studied period revealed significant differences regarding:

— The share of patients registered in June 2009 (p1 = 0.1678-16.78%) and
June 2010 (p2 = 0.2258-22.58%), with a value of p = 0.018;

— The share of patients reported in September 2009 (p1 =0.0336-3.36%) and
September 2011 (p2 =0.1429-14.29%), with a value of p = 0.010;

— The share of patients hospitalised in September 2009 (p1= 0.0336-3.36%)
and September 2012 (p2 = 0.2222-22.22%), with p < 0.0001;
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Fig. 5. Evolution of number of cases and average temperature and humidity in 2009

In Fig. 5 are presented the number of patients per month and the average
for environmental temperature and humidity, for 2009. The same parameters are
presented in Fig. 6 for 2017, respectively. When we analysed these two years, we
noticed that, regarding environmental temperature and humidity, there were no
difference, but there were differences regarding the number of patients, which is
much higher in 2009 compared to 2017.
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DISCUSSION

The risk of human parasitism by R. sanguineus could increase in areas with warmer
or longer summers, and consequently can increase the risk of transmission of
zoonotic agents like R. conorii or R. rickettsii.

The parasitism by R. sanguineus on other hosts than dogs is unusual in some
areas. The human parasitism by R. sanguineus is relatively common in Europe,
especially during summer time!2. It was took into consideration that the prevalence
and mean intensity of dog infestation by R. sanguineus vary widely geographically
and seasonally. It is already well known that younger dogs are more infested than
older ones’?, free dogs (untreated against ectoparasites) were more infested than
domiciled dogs'4, and tick burden is often higher among urban dogs in comparison
with rural ones>!3.

This human parasitism by R. sanguineus is more often associated with the
presence of heavily infested dogs and highly infested environments (presence of
ticks in grassy yards).

It is considered that tick biology and ecology were directly influenced by
climate factors like temperature and humidity. The global warming seems not to
affect ticks like R. sanguineus that are more resistant to desiccating conditions,
and less dependent of high humidity. Contrarily, it is speculated that an increase
of about 2—3°C in average temperature from April to September could establish a
population of R. sanguineus in regions of northern temperate Europe!®.

In our study it was noticed that during April for the reference years 2012, 2014,
2016, the average temperature was around 15—17°C and patients hospitalised with
boutonneuse fever were registered. For the same period in years 2009 and 2017,
the average temperature was around 11°C, and we noticed no case of butonneuse
fever in April. Nevertheless, the impact of global warming on R. sanguineus re-
mains uncertain®.

For a long period of time, R. sanguineus was considered one of the most fre-
quent ticks of the dog in south-temperate European countries including Romania. In
a study performed by Sandor et al. they found that in wetlands of Danube Delta R.
rossicus had a dominant occurrence in dogs from the area!”. R. rossicus is reported
occasionally from humans, but it seems to present a vectorial role for zoonotic
pathogens like Coxiella burnetii, Francisella tularensis, or West Nile viruses.
According with this study, further analyses are necessary in order to establish its
role as a disease vectors in the region for the above mentioned pathogens or for
others like R. conorii'.

Although the environmental factors and air, water or soil pollution seem to
influence human pathology!'®-2??, in our study we noticed that evolution of bouton-
neuse fever is not influenced by environmental factors. The environmental factors
that can influence the presence of R. sanguineus ticks were moderate temperature
and humidity. These environmental factors were essential in the 1910s for adapting
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Rickettsia conorii and Ripicephalus sanguineus to our geographic area. Initially, the
main source of Rickettsia conorii were sheep, and in time dogs became the most
important cause. Another aspect that can influence decreasing number of cases is
prophylaxy after tick bite. In the last 5 years, during late spring, summer and early
autumn, we recommend a dose of Doxycicline (200 mg) in adults and children over
8 years old and a dose of Azitromycine (10-15 mg/body weight) in children less
than 8 years old after tick bite. Despite this prophylaxis is controversial, we had
to recommend it at the pressure of the media and public opinion. Over the years,
this prophylaxis can influence the sensibility of R. connorii to these two drugs. In
the future, this aspect will require to be monitored carefully.

CONCLUSIONS

Environmental factors were essential when the boutonneuse fever was introduced
in the Southeast part of Romania in the 1910s and expanded into our geographical
area during commercial trade between the riverine countries to the Mediterranean
Sea and Constanta Harbor.

In our region, the level of temperature and relative humidity from late spring to
early autumn are favourable conditions to the spread of R. sanguineus, the vector for
R. conorii, which, accidentally, can parasitise humans and cause boutonneuse fever.

The decreasing number of patients with boutonneuse fever in Constanta area
over the 9 year study seems to be related rather with extensive prophylaxis after
tick bite, than related with changes in environmental factors.
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Abstract. Climate change and global warming have been reported to increase spread of foodborne
pathogens. To better understand the effects of Sa/monellosis infections, the objective of this study
was to analyse the demographic data of the patients and environmental features from Constanta
area, localised on the Black Sea Coast. A retrospective study was conducted on 377 patients with
Salmonella spp. disease over a 10 years period, between 1st January 2009 and 31st December 2018
at Constanta Clinical Infectious Diseases Hospital from Romania. Demographic (i.e. sex and loca-
tion) and meteorological (i.e. atmospheric pressure, humidity, atmospheric temperature, and rainfall)
data were collected. The results showed that the risk of appearance of Salmonella spp. cases during
the period June—September comparative with October—May of 2.629 more in condition of increased
humidity, and 2.264 more in condition of increased atmospheric temperature. Therefore, our study
shows that bacterial pathogens is positively correlated with atmospheric temperature and humidity
in Constanta area, as warmer temperatures enable more rapid replication of the pathogen.

Keywords: Salmonella spp., environmental factors, temperature, climate.

AIMS AND BACKGROUND

Salmonella represents a major public health concern especially in low socioeco-
nomic areas. Salmonella genus is composed of two species, S. enterica and S.
bongori. Further, S. enterica is split into six subgroups (i.e. enterica, salamae,
arizonae, diarizonae, indica, and houtenae) being responsible of more than 95%
of human infections. In contrast, S. bongori usually infect cold-blooded hosts'-2.

* For correspondence.
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Most of the infections are being developed by serovars of S. enterica. The infec-
tions namely nontyphoidal Salmonella (NTS) can lead often to gastroenteritis.
The most spread NTS serovars are represented by Typhimurium and Enteritidis?.

One recent study shows that each year there are more than 93.8 million human
infection of gastroenteritis around the world*®. In this regard, many infections were
shown to be influenced by different environmental factors such as climate or land®.
Many geographical features like climate, weather, and hydrology could influence
the frequency transfer of pathogenic microorganisms from environmental medium’.

The climate change associated with the diseases appearance showed already
to comprise approximately 4.6% of all environmental hazards. Furthermore, it has
been shown that in 2000 year, the changes in climate produce 2.4% of all diar-
rhea in the world and 7% of dengue fever episodes in many industrialised cities®.
The changes in weather patterns showed to be the reason for leafy vegetables and
herbs contamination. Dry climate can lead to dust storms that leave dust particles
on vegetables. Interestingly, higher degrees of temperatures can increase the per-
centage of microbial growth®!%. At the same time, it could negatively influence the
insects and pests around farms which could transfer human pathogens to vegetables.
Moreover, relative humidity can have a strong effect on human pathogens survival
rate!!. Numerous infections agents and rate of pathogen replication are being more
sensitive to climate changes. In this respect, Salmonella spp. proliferates more
rapidly at higher temperature, especially in animal gut and food. In the areas with
lower temperatures and low rainfall restrict transmission of diseases, and climate
changes could give the ecological habitat and trigger epidemics'2. Therefore,
changes of climate and environmental factors could contribute to spreading of
many foodborne pathogens leading to different infections disease!>.

The present study was undertaken to investigate the effects of Salmonella spp.
infections and the correlation with environmental factors like atmospheric pres-
sure, humidity, atmospheric temperature and rainfall from the Constanta city area.

EXPERIMENTAL

A retrospective study was conducted on 377 patients with Salmonella spp. disease
over a period of 10 years, between 1st January 2009 and 31st December 2018. All
these patients were hospitalised at Constanta Clinical Infectious Diseases Hospital
from Romania.

Demographic data (i.e. age, sex, and location) including environmental factors
like atmospheric pressure, humidity, atmospheric temperature, and rainfall were
collected in the same period. We also analysed if changes in environmental factors
influenced evolution of Salmonella spp. during the course. Agreement of Ethic
Committee from Constanta Clinical Infectious Diseases Hospital from Romania
and informed consent of patients and parents were obtained.
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During the year, there are four seasons. Spring months were between March
and May with an average atmospheric temperature of 15°C. Summer, starting from
June to August, has an atmospheric temperature average of 27°C. Autumn starts
from September until November, in which the temperatures could be also raised
around 18.5°C. In order to control seasonal effects, data were collected from two
time periods, the first being based on June till September period, and the other from
October till May period. For comparison in the summer period was included the
first month of the autumn. June and September months although there are months
in different seasons they presented the same average temperature and case number.
Average temperature (°C), atmospheric pressure (mb), average humidity (%), and
average rainfall amount (mm) on days were measured according with Constanta
Monthly Climate Averages'.

Statistical analysis. For statistical analysis we performed a logistic regression
(method Backward Stepwise — Wald) using SPSS Statistics 23. For temperatures,
pressure, humidity, and rainfall, the averages of values were calculated for each
month over a 10 years period, grouped into two classes: values above and below
the monthly average. The new variables obtained and demographic data of the
patients were introduced into logistic regression model, and they were considered
variable of interest.
The logistic regression equation is:

logit (p) =—0.932 + 0.966 humidity + 0.816 temperature — 0.380 sex,

where p is the probability of presence of the characteristic of interest. Logit (p)
can be back-transformed to p by the following formula:

p=1/(1 + e osi),

RESULTS AND DISCUSSION

In a study of over 10 years period were admitted in the hospital 377 cases of Sal-
monella spp. aged between 9 months and 86 years. Children less than 5 years old
represent 38.99% from the total cases.

The highest number of cases were noticed in year 2015 (45 cases, 11.93%) in
the October-May period and the lowest incidence was seen for the June-September
period in 2009 year (9 cases, 2.38%) (Fig. 1).
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Fig. 1. Evolution of Salmonella spp. in Constanta area over 10 years studied period
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Moreover, from the total of the patients, 196 (51.98%) were males and 181

(48.01%) females (Fig. 2).
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Fig. 2. Distribution between males and females diagnosed with Salmonellosis

The higher incidence of locations shows the higher number of patients (231
cases, 61.27%) from urban area comparing with rural area with only 146 cases

(38.72%) from all years taken into the study (Fig. 3).
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Fig. 3. Distribution of Salmonella spp. by local area and group of age

After the distribution by sex and year, and sex and month it was shown that
the higher prevalence was for male (196 cases, 51.98%). In June—September were
noticed 87 cases of male patients from the total of 178 registered in all years in
the mentioned months of the studied years (Figs 4 and 5).
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From the total cases of Salmonella infections, sepsis was registered in 17
cases while in the other 360 cases were noticed enterocolitis with Salmonella.
All the cases from our study were with Salmonella enterica, except one case with
Salmonella typhi in a seafarer.

Over the ten years studied, the medium atmospheric pressure for October—May
period was 1017.55 mb, and for June—September period was 1012.86 mb.

Regarding medium temperature over the studied period, we noticed a value
0f 9.85°C for October—May period and 24.67°C for June—September period.

After measuring the rainfall values, we noticed that medium value for Octo-
ber—May period was 56.66 mm, while medium value for June—September period
was 39.89 mm.

The medium value for humidity, over the 10 years studied, was for October—
May period of 75.2%, while the medium value for June—September period was
62.3%.

When we performed statistical analysis of the prediction variables originally in-
cluded in the regression model, the following variables were removed: atmospheric
pressuse (p = 0.388), rainfall (p = 0.956), location (p = 0.867), and sex (p = 0.08)
being considered variables that do not make a significant contribution (p > 0.05).

The variable that were included in the model were humidity (p < 0.001) and
atmospheric temperature (p < 0.001). The results showed that those 2 predictor
variables favourise the risk of appearance of Salmonella spp. cases during the
period June—September comparative with October—May of 2.629 more in condi-
tion of increased humidity, and 2.264 more in condition of increased atmospheric
temperature. Increased values were considered when they were high comparative
with average value of each month (Table 1).

Table 1.Variables in the equation for logistic regression
Independent vari- B S.E. Wald df Sig. Exp(B) 95% C.I.for
able exp (B)
lower upper
Humidity (overaver- 0.966 0.224 18.547 1 0.000 2.629 0.447 1.047
age)
Temperature (over 0.817 0.232 12.447 1 0.000 2.264 1.438 3.566

average)
Sex -0.380 0.217 3.060 1 0.080 0.684 0.447 1.047
Constant —0.932 0.248 14.156 1 0.000 0.394

In the current study, the effects of climate variation on Sa/monella spp. infec-
tions were examined. Results indicated that atmospheric temperature and humidity
are positively correlated with Salmonella spp. infections.

One study found no other significant changes in temperature and precipita-
tion values. The highest temperature was recorded in 2007 having the average
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of 64.95 F with the lowest precipitation (42.33 inches), and in 2009 the highest
precipitation of 68.64 inches'.

The higher prevalence of Salmonella spp. infection is found in countries such
as Africa, being the most common bacterial isolates in adults and children. The
infection was associated with fever together with a 20-25% fatality'®. However,
in developing countries the surveillance of the bacteria is less than 1% (Refs 17
and 18).

Therefore, the higher temperature leads to higher concentrations of bacteria
in food industry and can be found especially in warmer months alongside with
inadequate cooking of the food. The transmission of the bacteria is made by dif-
ferent pathways like direct effect on proliferation or indirect by ingesting food in
warm days'®, including the opportunistic infections which are frequently seen in
immunosuppressant patients?2!.

Environmental impact on human health and quality of life is usually related to
occupational exposure to chemical substances, dust or particles?>?3. Environmental
contacts and environmental factors like high temperature, high relative humidity
and light rainfall are factors that can have a positive influence on Salmonella in-
fections and hospitalisations?*%.

CONCLUSIONS

Salmonella spp. transmission to humans represents a complex process. Higher
temperatures combining with eating behaviour could contribute to Sal/monella
spp. infection. However, the environmental factors that influence Salmonellosis
in the studied period were atmospheric temperature and humidity. Although Sal-
monella spp. has better adapted at different environmental conditions, the solu-
tion for reducing the prevalence of infection will not be easily found. Therefore,
increasing the knowledge of environmental transmission can help to minimise the
worldwide spreading.
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Abstract. Bacillary dysentery caused by Shigella spp. bacteria represents a significant public health
problem especially in developing countries. The objective of this study was to analyse the demo-
graphic and environmental factors of patients from Constanta city, localised on the Black Sea Coast. A
retrospective study was conducted on 376 patients with Shigella spp. disease over a 10 years period,
between January 2009 and December 2018 at Constanta Clinical Infectious Diseases Hospital from
Romania. Demographic data (i.e. age, sex, location and Shigella spp. types) including environmental
factors like atmospheric pressure, humidity, atmospheric temperature, and rainfall were collected.
The results showed a higher prevalence of patients less than 5 years (38.03%) from which 15.42%
were included in September-November period. Moreover, from the total of the patients, 209 (55.58%)
were women, and 167 (44.72%) were men. Regarding the Shigellosis type, the higher incidence was
seen for S. flexneri in about 44.41% cases. The environmental factors that influence Shygellosis in
the studied period were atmospheric temperature (p = 0.0023), humidity (p = 0.003) and rainfall (p
< 0.001). The results show a strong support for public health experts in order to easily evaluate the
control strategies for Shigellosis spreading based more on environmental factors.

Keywords: Shigella spp., atmospheric temperature, humidity, rainfall.

AIMS AND BACKGROUND

Shigella infection is an acute infectious inflammatory colitis caused by a family
of bacteria known as Shigella'. There are several types of Shigella, member of
the family Enterobacteriaceae: S. dyzenteriae, S. flexner, S. boydii, and S. sonney.
From all Shigella spp., S. sonnei shows to have the higher incidence and S. flexneri
especially in developing countries®. Over the last decade, antimicrobial resistance

* For correspondence.
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has been increased among Shigella spp., limiting the pragmatic treatments?, like
in other diseases *.

People infected with bacteria remove the stool and contaminate ground, water,
or food, and subsequently transmitted to others by fecal-oral route!s. Signs and
symptoms of shigellosis usually begin a day or two after contact with Shigella
spp., but sometimes may take up to a week to develop. Common symptoms of
bacillary dysentery are abdominal pain, fever, watery diarrhea with mucus and
blood, rectal tenesmus, nausea and vomiting'>,

The disease is more common in children less than 5 years, travelers, refugees
who live in camps and in developing countries. Usually the infection is mild and
self-limited. Another important epidemiological aspect is that although some
people have no symptoms after they have been infected with Shigella, their feces
may still be contagious up to a few weeks®.

Although Shigella infection usually clears up without complications, some-
times complications like dehydration, seizures, hemolytic-uremic syndrome, rectal
prolapse, toxic megacolon or reactive arthritis can be present.

Studies performed over the last years evidenced the effect of climate varia-
tion on shigellosis. These studies highlighted that temperature, rainfall and hu-
midity influenced replication rate of bacterial and protozoan pathogens involved
in diarrheic diseases. All these climate changes present an impact also on the
pathogens reservoirs in environment’ . Therefore, in this study, we analysed the
demographic and environmental factors of bacillary dysentery, evaluation of the
high-risk populations and climate changes that is of great importance in last years
regarding disease control and prevention.

EXPERIMENTAL

A retrospective study was conducted on 376 patients with Shigella spp. disease
over a period of 10 years, between 1st January 2009 and 31st December 2018. The
patients were evaluated at Constanta Clinical Infectious Diseases Hospital from
Romania with age between less than 1 year and 82 years. The selected settings
were all departments of Constanta Clinical Infectious Diseases Hospital, and all
cases that required hospitalisation for different infectious with Shigella spp.
Demographic data (i.e. age, sex, location and Shigella spp. infection types)
including environmental factors like atmospheric pressure, humidity, atmospheric
temperature, and rainfall were collected in the same period. We also analysed if
changes in environmental factors influenced evolution of Shigellosis during the
course. Agreement of Ethic Committee from Constanta Clinical Infectious Diseases
Hospital from Romania and informed consent of patients and parents were obtained.
Constanta is a city located in the Dobrogea region of Romania, on the Black
Sea coast, being one of the warmest cities from Romania. Constanta city has a
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humid subtropical climate with oceanic and semi-arid parts. During the year, there
are four seasons: winter (December—February), spring (March—May), summer
(June—August) and autumn (September—November). In order to control seasonal
effects, data were collected from two periods, the first being based on September
until November period, and the other from December until August period. Aver-
age atmospheric pressure (mb), average cloud and humidity (%), temperature
(°C), and average rainfall amount (mm) were analysed using Constanta Monthly
Climate Averages!'!.

Statistical analysis. For statistical analysis we performed a logistic regression
(method Backward Stepwise — Wald) using SPSS Statistics 23. For temperatures,
pressure, humidity, rainfall, the averages of values were calculated for each month
over a 10 years period, grouped into two classes: values above and below the
monthly average. The new variables obtained were introduced into the logistic
regression model along with the demographic data of the patients.

RESULTS AND DISCUSSION

In a study of over 10 years period were admitted in the hospital 376 cases of
Shigellosis (Fig. 1) aged between 8 months and 82 years. The highest number of
cases were noticed in year 2009 (111 cases — 29.52%) and then we noticed a slow
and continuous decreased of cases each year, except a second peak in year 2012
(64 cases — 17.02%). From the total cases, patients that were hospitalised between
September—November were 189 cases, which represents 50.26%.
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Fig. 1. Evolution of Shigellosis over the 10 years

The higher frequency was noticed in patients aged less than 5 years (143 cases,
38.03%) who were included between September—November period (58 patients,
15.42%) and December—August period (85 patients, 22.6%) (Fig. 2). Moreover,
from the total of the patients, 209 (55.58%) were women, with preponderance in
September—November period of 109 (29.22%) cases and in December—August
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period with 100 (26.59%) cases. The rest of 167 (44.72%) patients were men,
with a higher incidence in December—August (87 cases, 23.13%) comparing with
September—November period (80 cases, 21.27%).

The higher incidence of locations shows the higher number of patients in
December—August period (114 cases, 30.31%) from urban area comparing with
rural area with only 79 cases (21.01%) in September—November period and 73
cases (19.41%) in December—August period from all years taken into the study.

Regarding the repartition of Shigellosis by type, from the total patients, about
44.41% cases have presented S. flexneri, 43.35% presented S. sonney, 7.97% cases
presented S. dysenteriae, and other 4.25% cases presented S. boydii. From out data,
we noticed that S. boydii was present in the least analysed cases (Fig. 3).

Therefore, the higher prevalence for the September—November period was
seen for S. sonne (120 cases, 31.91%) and for the December—August period for
the S. flexneri (116 cases, 30.85%) from all 10 years studied. Interestingly, the
lowest prevalence was seen for S. boydii with the same cases (i.e. 3 cases, 0.79%)
in both period of the each analysed year.

After the atmospheric pressure measuring, it was seen a higher prevalence of
1020.34 mb in December with a less prevalence in 1012.06 mb in July (Fig. 4).
For the September—November period it was seen an average of 1018.40 mb and
for the December—August period an average of 1015.59 mb.
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Fig. 2. Repartition of cases by groups of age
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The higher value of atmospheric humidity was 83.2% in January with a less
value in August with 58.2% (Fig. 5). For the December—August period it was seen a
value above 71.57% comparing with 68.97% for the September—November period.

The higher value of atmospheric temperature of 26.6°C was seen in August
with a less value of 2.6°C in January (Fig. 6). For the September—November period
it was seen an average of 16.3°C and for the December—August period an average
of 14.28°C.
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Fig. 4. Atmospheric pressure
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Fig. 7. Rainfall

Regarding atmospheric rainfall, it was seen a higher value of 67.35 mm in
December with a less value of 20.39 mm in August (Fig. 7). For the September—No-
vember period it was seen an average of 54.73 mm and for the December—August
it was seen an average of 53.35 mm.

In the present study, we divided the environmental factors into four categories,
namely atmospheric pressure, relative humidity, temperature and rainfall. Here, it
was shown a similar atmospheric pressure for both periods (1018.40 mb for the Sep-
tember—November period and 1015.59 mb for the December—August). The same
considerations were also for humidity (71.57% in the December—August period
and 68.97% in the September—November period) and rainfall (i.e. 54.73 mm for
the September—November period and 53.35 mm for the December—August period).

When we performed statistical analysis of the prediction variables originally
included in the regression model, the following variables were removed: age (p =
0.569), atmospheric pressuse (p = 0.597), sex (p = 0.209), location (p = 0.642),
being considered variables that do not make a significant contribution (p > 0.05).

The variable that were included in the model were humidity (p = 0.003), at-
mospheric temperature (p = 0.0023) and rainfall (p < 0.001). The results showed
that those 3 predictor variables favorise the risk of appearance of Shygella cases
during the period September—November comparative with December—August of
2.135 more in condition of increased humidity, 2.2021 more in condition of in-
creased atmospheric temperature and 3.328 more in condition of increased rainfall.
Increased values were considered when they were high comparative with average
value of each month.

In the present study, bacillary dysentery was seen in all individual categories,
but patients aged less than 5 years were majority (143 cases) followed by those
aged 5 to 10 years with 99 cases, which represents a rate of bacillary dysentery,
similar with other countries!?> . These features suggest that additional studies are
required in order to evaluate risk factors of bacillary dysentery.

No person is immune to shigellosis, but the incidence was showed to be
highest among children less than five years of age, although it has been observed
that during epidemics all age groups are affected!®. Moreover, the prevalence has
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been reported to increase steadily after the age of 40, along with bacterial load.
Therefore, young children and old people could share the highest bacterial load!”.
In children with poor nutrition or growth retardation, Shigella could lead to a vi-
cious cycle's. Furthermore, the difference in proportions between analysed male
and female individuals, especially between September—November period (i.e. 209
women and 109 men) could be due because some individuals are generally more
active, gaining also much opportunities to be exposed at different environmental
factors containing bacteria'®. Therefore, our findings show that preventive actions
should better control bacillary dysentery, especially at individuals less than 5 years
and those between 5 and 10 years.

In our study, it was shown a higher prevalence in the September—November
period for S. sonne (120 cases, 31.91%) and in December—August period, for S.
flexneri (116 cases, 30.85%) with the lowest prevalence for S. boydii (i.e. 3 cases,
0.79%). A study made on eight Asian countries found that S. flexneri (50%) and S.
sonnei (45%) were predominantly identified among 98 Shigella isolates!®.

Although there were inconsistent results, the studied environmental factors
could affect the evolution of different disease?*?!, specially the way of food-borne
disease transmission by influencing the pathogens?2*. Another study sustains the
fact that environmental factors could be used as predictors of the bacillary dys-
entery, and more precisely the temperature?. Therefore, it was considered that a
rising with 1°C in maximum or minimum temperature could be associated with
higher increase (until 12%) of the bacteria®. However, public health interventions
should be gaining more attention regarding the spread of Shigellosis in order to
prevent the result of weather changing considering the local climatic conditions.

CONCLUSIONS

In the present study, we noticed a peak of Shigellosis cases in year 2009 and then
a constant decrease in number of studied cases. The highest incidence in our area
was registered in autumn months (September—November) being common in urban
area. Furthermore, from all Shigellosis types analysed, S. flexneri was seen to be
very spread.

The environmental factors that influence Shygellosis in the studied period
were atmospheric temperature, humidity and rainfall. Therefore, priority interven-
tions should be offered at population target group, Shigellosis being an important
public health problem in respect with isolates profile before starting the treatment.
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Abstract. Outbreaks of acute viral hepatitis type A (VHA) occurs mainly in collectivities, related
with poor hygiene. Hepatitis virus type A is transmitted by contaminated water, food or objects (toys).
The aim of the research was to assess the environmental risk factors of acute viral hepatitis type A
among children younger than 16-year old hospitalised in Children Infectious Diseases Department
over year 2013, with a peak of hospitalised patients of 85.08% in autumn—winter, in the Constanta
county. The experimental study consisted in collecting epidemiological and clinical data from medi-
cal files of 181 patients admitted in our Department, for VHA in year 2013. Statistical analysis was
performed with IBM SPSS Statistics 20 software. It was found that the mean age of studied popula-
tion was 6.72 years (min =1 year, max = 16 years, SD = 3.32). None of the 181 inpatients (95 boys
and 86 girls) had been vaccinated for VHA. Repartition by rural-urban area noticed that the most
frequent cases were from urban area (n=157/181—86.74%). From the ethnic point of view, majority
of children were Gypsy (136/181—75.13%). Epidemiological pattern reveals 19 Gypsy family foci,
with a total of 98 patients (54.14%). The identified environmental risks factors for VHA were urban
settings, and difficulties in the supply of running water.

Keywords: acute viral hepatitis type A, environmental risk factors, outbreaks, children.

AIMS AND BACKGROUND

The main purpose of the study was to assess the environmental risk factors that can
play a role in an outbreak of acute viral hepatitis type A (VHA) among children
younger than 16-year old hospitalised in Children Infectious Diseases Department
over year 2013.

Acute viral hepatitis type A (VHA) is transmitted in children by contaminated
water, food or objects (usually toys) or from child to child by fecal — oral route.
Like in other diseases transmitted by water or food the simple rule ‘boil it, cook
it, peel it of forget it” always worked. Outbreaks of acute VHA occur mainly in

* For correspondence.
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collectivities, related with poor hygiene. Therefore, VHA can be avoided by using
bottled water in area of high risk outbreaks, by cooking food, or no eating shellfish
from sewerage contaminated seawater. Another two important measures of diseases
prevention were vaccination or regular and careful hand washing.

EXPERIMENTAL

Retrospective study carried out among children with acute VHA hospitalised
between January 1st, and December 24th, 2013, in the Constanta county, a south-
eastern part of Romania.

Material consisted in collecting epidemiological and clinical data from medical
files of in-patients, from 0 to 16-year old, admitted in the Children Infectious
Diseases Department of Constanta Clinical Infectious Diseases Hospital, Roma-
nia, for VHA in year 2013. Cases were represented by 181 patients with families
inform consented to assessing data for medical research. The highest numbers of
cases were registered in a period of 5 months (August—December) with a total
numbers of 154 cases.

The selected settings were children from the Constanta county who required hospi-
talisation in our department for VHA. Children Infectious Diseases Department is
the only one in the Constanta county where are hospitalised children with different
infectious diseases that require isolation in hospital and specific treatment. The
main affected area was Medgidia town, and its countryside.

Statistical analysis was performed by IBM SPSS Statistics 20 software. Different
demographic, clinical and epidemiological data were compared using chi squared
()2.,..) tests for associations. We used also the contingency coefficient (C), which
is a measure of the degree of relationship of the classifications in the frequency
table. As the value of this coefficient is higher the higher is the degree of associa-
tion. The maximum value of the coefficient is never greater than 1.

We performed also a logistic regression for which we used the Backward
Stepwise method (Wald) following the next model:

exp(B, + Bx, + Bx,+ ...+ Bx,)
1 +exp(B, + Bx, +Bx,+..+Bx,)

p=Py=1x,x, .,x)=

where p = P(y = 1|x, x,, ..., x,) is the probability of achieving value y = 1 (prob-
ability of occurrence of the event concerned) conditioned by value x,, ..., x,.

OR = 1L =exp(B,) x exp(B x,) X exp(B,x,) x ... X exp(B,x,),
—-p

where Exp (B) is the odds ratio values for each independent variable separately,
and OR (odds report) — overall hazard ratio.

341



Dependent variable was chosen as membership outbreak (foci = 1, isolated
cases = 0), and predictor variables were: month, gender, rural/urban area, ethnic-
ity, age, water source, and the initial suspicion of diagnosis based on clinical or
laboratory data.

Methods consisted in collecting demographic, clinic and epidemiologic data about
any child hospitalised with acute VHA. The studied children population was di-
vided in 2 groups, the first one included children from foci and the second one with
isolated cases of VHA. Because the most of cases were grouped in foci, we try to
find the environmental risk factors involved in diseases transmission.

All parents of hospitalised children with acute VHA agreed and signed in-
formed consent to processing data for scientific point of view. Agreement of the
hospital ethics committee was taken.

RESULTS AND DISCUSSION

Over the year 2013 were hospitalised 181 children aged 0-16 years. Mean age
of studied population was 6.72 years (min = 1 year, max = 16 years, SD = 3.32).
None of the 181 in-patients (95 boys and 86 girls) had been vaccinated for acute
viral hepatitis type A (VHA). Most cases of VHA are occurring between August—
December (n=154/181; 85.08%). Comparative with the same period of year 2012
was noticed an increased number of cases (154 cases in year 2013 versus 64 cases
in year 2012). Regarding repartition by rural-urban area we noticed that the most
frequent cases were from urban area (n=157/181 — 86.74%). The highest number
of VHA cases was registered in kindergarden children (n= 69/181 —38.12%), and
in primary school children (n=66/181 —36.4%). From the ethnic point of view we
noticed that the most of patients were Gypsys (136/181 —75.13%). Epidemiological
pattern of contamination reveals 19 Gypsy family foci with a total of 98 patients
(54.14%). Even there were reported cases from all over the county the most af-
fected area is Medgidia (n= 121/181 — 66.85%). In this city and its countryside
surroundings over the years periodically appear outbreaks of different infectious
diseases due to difficulties in water supply and poor hygiene in large families with
many children.

Even there were suspicions that water was contaminated we could not prove
this. Water from the four reservoirs that supply the city with water was tested and
was negative for VHA. On the other hand, we considered that there are problems
in water transmission network, because in some area of the Medgidia town (espe-
cially countryside areas) the water supplying are not constantly.

Statistical analysis performed found that in year 2013, in children hospitalised
for VHA, there is an association between ethnicity and urban/rural area (y> =

calc

31.302,df=1, p<0.001 <a = 0.05, C = 0.384), between ethnicity and foci (y*> , =

calc

10.935,df=1, p=0.004 <o =0.05, C=0.210), and between ethnicity and water
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source (), = 12.551,df=1, p<0.001 <a = 0.05, C=0.225), as we can see in
Figs 1, 2 and 3).
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Fig. 2. Frequency of children by ethnicity and water source

Regarding association between ethnicity and distribution by months of the
year we noticed that there is no association (* . = 3.232,df=3,p=0357>a=
0.05, C=0.132).

Also we noticed that in studied population we found an association between
foci and symptoms suggestive for acute hepatitis (* . = 11.872, df=1, p=0.001 <
a=0.05, C=0.248), as we can see in Fig. 4, and between foci and increased level
of aminotransferases before hospitalisation (y*,,. = 10.935, df= 1, p= 0.001 <o =
0.05, C=10.239), as we can see in Fig. 5. Statistical processing results sustain an
outbreak, because in such cases susceptible contacts were periodically checked by
laboratory (level of aminotransferases), and often they were previously modified
the emergence of symptoms; on the other hand, in outbreaks of acute VHA we
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can diagnosed more asymptomatic cases. Statistical evaluation also sustain that in
this outbreak there are more Gypsy children from urban area and from area where

were presented problems with water supply.
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Fig. 4. Frequency of children by symptoms and foci

Logistic regression show that variables like area, ethnicity, age, water source,
specific symptoms, and increased level of aminotransferases (laboratory), influ-
ence the possible belonging to an outbreak of VHA, and month (p = 0.167) and
sex (p = 0.647) are variable that can not have any influence.
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Calculated coefficient for area is B, = 1.506 which is considered significant:
Wald, = 6.104, df =1, p = 0.013 < o= 0.05. Exp (B,)i1s4.508, and IC95% for
Exp (B,)is (1.365, 14.884). Therefore, the risk of being part of outbreak is 4.508
times higher for patients in rural areas than urban ones. Ethnicity calculated coef-
ficient is B, = 1.083 and is considered with significant contribution: Wald, =4.810,
df=1,p=0.028 <o = 0.05. Exp (B,)is2.954, and IC95% for Exp (B,)is (1.122,
7.776). Hence, the risk of being part of outbreak is 2.954 times higher for Gypsy
than for Romanian patients. Age calculated coefficient is B, = — 0.184 is consid-
ered significant: Wald, = 8.014, df= 1, p = 0.005 < a. = 0.05. Exp (B,) is 0.832,
and IC95% for Exp (B,) is (0.733, 0.945) Since B, < 0, the presence of factor Age
reduce the probability of the event y = 1 (belonging to the outbreak). Calculated
coefficient for water source is B, = 2.382 is considered significant: Wald, = 22.07,
df=1,p <0.001 <a = 0.05. Exp (B,) is 10.830, and IC95% for Exp (B,)is (4.008,
29.260). Consequently, the risk of being part of the outbreak is 10.830 times higher
for patients who do not have access to the current source of water than for those
who have access. If we take into consideration calculated coefficient for symp-
toms before hospitalisation, this is B, = —0.969 which is considered significant:
Wald, = 5.164, df = 1, p < 0.023 < a = 0.05. Exp (B,) is 0.379, and IC95% for
Exp (B,) is (0.164, 0.875). Then, the risk of being part of the outbreak is 0.379
less for asymptomatic patients who are presenting to hospital than for those who
presented specific symptoms. Finally, calculated coefficient for increased level of
aminotransferases in the moment of presentation in hospital is B, = 1.586, which
is considered significant: Wald, = 6.765, df = 1, p <0.009 <a. = 0.05. Exp (B,) is
4.885, and 1C95% for Exp (B,) is (1.478, 16.144). Accordingly, the risk of being
part of the outbreak is 4.885 higher for patients who present increased level of
aminotransferases before presenting to hospital than for those who did not.
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Correspondence between the observed values of the dependent variable and
those predicted from the regression model used is 77.3%. Effect size estimated
by logistic regression expressed by R? coefficient is 0.434 (i.e. only 43.4% of the
variation in the dependent variable are explained by variation in the independent
variable used; the rest up to 100% is due to other causes).

For logistic regression models considered we obtain an overall hazard ratio/
odds ratio (OR) = 83.08, for being part of the outbreak.

We know that more frequent outbreaks of acute VHA were related with
contaminated food or water. Even the epidemiological link between water supply
and this outbreak of VHA could not been completely demonstrate like in other
studies! our statistical analysis and some epidemiological data sustain that begin-
ning of outbreak was related with water supply network. There are also studies,
like Mbithi et al.> which concluded that virus of VHA survives better in relative
humidity area. In literature there were also many studies in which outbreaks of
acute viral hepatitis were associated with different food as mussel®, onion*?, potato
salad®, hot dogs®, or ice®’, but in our case we could not involve any food. In order
to prevent spreading diseases by food the researcher noticed that is better to keep
food very cold or very hot, but this measure will prevent just some types of food
poisoning. Such measures will not prevent illness caused by viruses (hepatitis,
or noroviruses) and some types of bacteria such as pathogenic Escherichia coli,
Staphylococcus, Salmonella or Lysteria®.

In another study performed by Salahei et al.’, in two different regions from
Iran, they found discrepancy in morbidity pattern of acute hepatitis which is con-
sequence of differences in socio-economic status and environmental risk factors.
According with results of this study, VHA is more related with poor socio-economic
status and environmental risk factors.

Constanta is a county in south-east of Romania which presents a good eco-
nomic status, but less social and ecologic status than other region of Romania!®!!.
These socio-economic data are in favour of outbreaks of acute viral hepatitis A, in
our geographic area. In our case there are two major measures that were important
to implement. The first one is economical and can suppress environmental risk
factors, and aims to solve for all county safe water supply sources and networks.
The second measure is an epidemiological and medical one which targeting routine
vaccination for acute VHA in whole county population. This measure was prac-
ticed sporadically in the county and stopped the outbreaks of acute VHA related
to water sources in different areas of the county especially in times of natural
disasters — floods.
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CONCLUSIONS

The identified environmental risks factors of acute VHA in this outbreak were
urban area, and problems with network water supply.

Taking into consideration our logistic regression model we can consider that
the probability of a child to be part of outbreak of acute VHA in the Constanta
county is higher among Gypsy ethnics, in rural areas where patients have less ac-
cess to current water supply.

In order to prevent such outbreaks of acute VHA is important to implement
some economic measures, like current water supply in all rural areas of the county
that can suppress intervention of environmental risk factors and also some medical
measures like routine vaccination, especially in children.
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