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The purpose. To study the factor structure and to establish the associative interaction of pathogenetic links of acute diseases
development of the bronchopulmonary system in infants.

Materials and methods. The examination group consisted of 59 infants (average age 13.8 + 1.4 months) sick with acute
inflammatory bronchopulmonary diseases. Also we tested the level of 25-hydroxyvitamin D (25(OH)D), vitamin D-binding
protein, hBPI, cathelicidin LL-37, R1-defensins, lactoferrin in blood serum with the help of immunoenzymometric analysis.
Selection of prognostically important pathogenetic factors of acute bronchopulmonary disease among infants was conducted
using ROC-analysis. The procedure for classifying objects was carried out using Hierarchical Cluster Analysis by the method
of Centroid-based clustering.

Results. Based on the results of the ROC-analysis were selected 15 potential predictors of the development of acute
inflammatory diseases of the bronchopulmonary system among infants. The factor analysis made it possible to determine
the 6 main components . The biggest influence in the development of the disease was made by “the anemia factor”, “the factor
of inflammation”, “the maternal factor”, “the vitamin D supply factor”, “the immune factor” and “the phosphorus-calcium exchange
factor” with a factor load of more than 0.6. The performed procedure of hierarchical cluster analysis confirmed the initial role

of immuno-inflammatory components.

The conclusions. The highlighted factors allowed to define a group of parameters, that must be influenced to achieve a maximum
effect in carrying out preventive and therapeutic measures. First of all, it is necessary to influence the “the anemia factor”
and “the calcium exchange factor”, as well as the “the vitamin D supply factor”. In other words, to correct vitamin D deficiency
and carry out measures aimed at preventing the development of anemia. The prevention and treatment of the pathological
course of pregnancy will help stabilize the “the maternal factor” in the future.

MaTtemMaTUuHUI aHaAI3 NaTOreHeTUUHUX (GAKTOPIB PO3BUTKY FOCTPUX 3aNaAbHUX
3axBoploBaHb 6pOHXOAEreHeBOi CUCTEMMU B AiTeH PaHHbOTO BiKy

I. 0. AexeHko, 0. €. Mawkosa, B. M. LWseup, I. B. Kpanusa

Meta po6otu — gocnignT akTopHy CTPYKTYpY Ta BCTAHOBWTY B3aEMO3B'SI30K MATOrEHETUYHWUX MAHOK PO3BUTKY FOCTPUX
3axBOpPIOBaHb BPOHXONEreHEBOi CUCTEMM B AiTEN PAHHLOTO BiKY.

Matepianu Ta metogu. O6cTexunm 59 fitel paHHLOro BiKy (cepepHin Bik — 13,8 + 1,4 micaus), Siki XBOpi Ha rocTpi 3ananb-
Hi BpoHXomnereHeBi 3axBOPIOBaHHS. 3a JONOMOro iMyHO(EPMEHTHOTO aHanisy [OCHiAKyBaBCsA BMICT Y CMPOBATL KPOBI
25-rippokcisitaminy [ (25(OH)D), Bitamin-[-38’s3ytovoro 6inka, hBPI, kateniunaunHy LL-37, R1-aeceH3uHy, naktodepuHy. Binbip
MPOTrHOCTUYHO 3HAYYLLMX NATOrEHETUHHUX YYHHWKIB PO3BUTKY rOCTPOI BpOHXONEreHeBoi NaTonorii 34iNCHI0BaM 3a 4ONoMOrow
ROC-aHaniay. Mpoueaypy knacudikauii 06'ekTiB BUKOHyBanu 3a JOMOMOroH iepapxivHoi knactepusaii (Hierarchical Cluster
Analysis) MeTogOM LieHTPOIAHOT KnacTepum3aLlii.

Pesynbratu. 3a pesynsratam ROC-aHaniay BigiopaHo 15 NOTEHUiHMX NpeayKTOpiB pO3BUTKY FOCTPUX 3anarnbHUX 3aXBOpH-
BaHb OPOHXONEreHeBOI CUCTEMM B AiiTelt paHHLOTO Biky. [poBeaeHMI (hakTOpHWIA aHania 4aB MOXNMBICTb BUAINKUTY 6 roNOBHMX
KOMIMOHEHT, 3 H1X HaNBINbLUMIA BHECOK Y PO3BUTOK 3aXBOPOBAHD i3 (DaKTOPHUMU HaBaHTaXeHHsMM noHag, 0,6 BHOcunM «dhakTop
aHeMiiy, «haKkTop 3ananeHHs», <MaTepUHCHKUI haKkTopy, «dhakTop 3abeaneyeHocTi BiTaMiHOM [y, «iMyHHWIA hakTop i «dpakTop
KarnbLiesoro 06MiHy». [MpoLieaypa iepapxiyHOro KnacTepHOro aHaniay niaTBepavna iHiliansHy ponb iMyHo3ananbHUX KOMMOHEHTIB.

BucHoBku. BuaineHi chaktopy gany MOXIMBICTb BUSHAUUTY Tpyny NapameTpiB, Ha siky HEOOXiaHO BNNWBATYU ANt OCSATHEHHS
MaKcMManbHOro ecpekTy npy npodinakTnyHMX Ta nikyBanbHUX 3axofax. MepenoBciM HeobXiaHO BNNMBATK Ha «dakTop aHeMii»
Ta «akTop hocdopHo-kanbLieBoro 0bmiHy», «dakTop 3abeaneyeHocTi BitamiHoM [». 3axoau, Lo cnpsiMoBaHi Ha 3anobiraHHs
Ta NiKyBaHHs NaTonoriYHoro nepebiry cTaHiB BariTHOCTI, JaBaTUMyTb 3MOry CTabini3yBaT Hagani «<MaTepUHCLKIIA hakTopy.

MatemaTHU€CKUI aHaAM3 NaTOreHETUYECKUX pAKTOPOB Pa3BUTUSA OCTPbIX BOCNAAUTEAbHBIX
3aboneBaHMI OPOHXOAETOUHOM CUCTEMbI Y A€TEW PaHHEro Bo3pacTa

I. A. AexeHko, E. E. MawkoBa, B. H. LLiew, A. B. KpaiHsas

Llenb paboTbl — NPOBECTY MCCreaoBaHue (HakTOpPHON CTPYKTYPbI U YCTaHOBUTL B3AaUMOCBSI3b MaTOreHETUYECKUX 3BEHLEB
pa3BUTHs OCTPbIX 3a60MeBaHNi GPOHXONETOYHOI CUCTEMBI Y [ETel paHHero Bo3pacTa.

Marepuansi n metogbl. O6cnesoBaHo 59 feTeit paHHero BospacTa (cpeaHui BospacT 13,8 £ 1,4 mecsia), 6onbHbIX OCTPLIMM
BOCManuMTENbHbIMW 3a60neBaHnsiMy BPOHXONErOYHO cucTeMbl. C MOMOLLbIO IMMYHOEPMEHTHOTO aHann3a uccnenoBanoch
cofepxaHue B CbIBOPOTKe KpoBw 25-rnapokcusutammya [ (25 (OH) D), ButamuH [1-ceasbiBatoLero benka, hBPI, katennumanHa
LL-37, R1-pedeHanHoB, naktoceppuHa. OTOOp NPOrHOCTUYECKU 3HAYMMBIX MATOTEHETUMYECKVX (DAKTOPOB Pa3BUTUS OCTPON
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BPOHXONEro4HOI NaTonorm NpoBoauncs ¢ noMoLbto ROC-aHanuaa. Mpoueaypa knaccugukaLm 06bEKTOB OCYLLECTBSNIACh
C NOMOLLbIO nepapxuyeckoi knactepusaumn (Hierarchical Cluster Analysis) MeTogom LeHTpoWaHO KnacTepuaaumm.

Pe3ynkrarthl. Mo pesynsratam ROC-aHanu3a 6bino otobpaHo 15 noTeHumanbHbIX NPeayKTopoB pa3BUTMS OCTPbIX BOCMamu-
TenbHbIX 3aboneBaHMin GPOHXONErOYHO CUCTEMBI y AETe paHHero Bo3pacTa. [NpoBeaéHHbIN (PaKTOPHbI aHann3 No3Bonus
BblAENUTb 6 OCHOBHBIX KOMMOHEHTOB, 3 KOTOPbIX HaMbOMbLUMIA BKNag B pa3BuTve 3aboneBaHnii C hakTopHbIMU Harpy3kamm
cBbiwwe 0,6 BHOCUIM «hakTop aHeMum», «paKkTop BOCNaneHUs», «<MaTepUHCKMiIA chakTop», «hakTop 06ecne4eHHOCTY BUTaMUHOM
[O», «<UMMYHHBIN hakTop» U «dakTop KanbLuueBoro obMeHay. MpoLeaypa nepapxmyHoOro KnacTepHOro aHanusa noaTeepanna

MHUUMaNbHYK Ponb ayTOUMMYHHbBIX KOMNOHEHTOB.

BbiBoAbI. BbigeneHHble (hakTopbl No3BONUnmM OnpeaenuThb rpynmny napameTpoB, Ha KOTOPYo HE06X0AMMO BO3LeNCTBOBATL A
[OCTVXKEHUsI MakcumarbHoro adhchekTa npy NpoBeAeHUM MPOGUNAKTUYECKMX U NevebHbIX MEPONpUSTHIA. B nepByto ouepess,
HeobxoayMo Bo3AeNCTBOBaTh Ha «akTop aHeMun» 1 «dakTop hocdopHo-KanbLmeBoro obMeHa» «dakTop obecrneyeHHOCTH
BUTaMunHOM [1». Mepbl, HanpaBneHHbIE Ha NPEAOTBPALLEHME U NIEYEHME NaTONOrMYECKOro TEHEHUS! COCTOSIHWIA GepeMeHHOCTH,
Mo3BONAT CTAbUNMU3MPOBATb B AANbHENLLIEM «MATEPUHCKUIA DaKTOP».

The respiratory diseases are among the most important
problems in pediatrics, because so far, they take the first
place in the structure of infant morbidity [11]. Every year
the number of children, who are hospitalized with acute
bronchitis increases, which complicates the flow of acute
respiratory disease every year [8]. Among the factors
that raise the risk of heightened respiratory morbidity, are
determined these: the mother age, abnormal pregnancy,
prematurity, purulent-septic diseases in the neonatal period,
prenatal CNS lesions [4]. In addition, the risk of infectious
and inflammatory diseases of bronchopulmonary system
among infants increases due to protein-vitamin deficiency
and past diseases (rickets, anemia), environmental pollution,
stress in the family, which lower the organism’s resistance
to respiratory pathogens [12].

Recent studies show the pathogenetic importance
of endogenous antimicrobial peptides in the formation
of the inflammatory process in various forms of pathology
[2,5,14]. It is known that antimicrobial peptides act as a
first line of defense when respiratory pathology is present
[17]. The antimicrobial peptides, as a component of innate
immunity, act as a natural defense against a wide spectrum
of microbes. Considering the representation of antimicrobial
peptides in many organs and systems of humans and their
multidirectional action, it is certainly interesting to study their
pathogenetic role in the development of acute bronchopul-
monary disease in infants.

It is known that the production of antimicrobial pep-
tides, including defensins and catelicidin, is strengthened
by the presence of vitamin D [15]. Currently, there is evidence
that 1.25 (OH) 2D regulates the effectiveness of the immune
response and has anti-inflammatory effect [3]. The connec-
tion between vitamin D deficiency and the incidence fre-
quency of respiratory disease is detected [13,23]. In Wayse
V. and all studies (2004), the increasing of serious lower
respiratory tract infections risk among children with subclini-
cal deficiency of vitamin D, was shown [22].

Considering the diversity of the mechanisms of infec-
tious-inflammatory process in bronchopulmonary system
formation, significant interest is the associative interaction
between the individual sections of pathogenesis, determin-
ing the development of acute respiratory infections among
infants. One of the possible and most effective ways to study
complex systems is the use of factor analysis [10].

The purpose to study the factor structure and to es-
tablish the associative interaction of pathogenetic links
of acute diseases development of the bronchopulmonary
system in infants.

Zaporozhye medical journal. Volume 19. No. 5, September—October 2017

Materials and methods

The examination group consisted of 59 infants (average age
13.8 £ 1.4 months), of which 46 patients were diagnosed
with acute bronchitis and 13 patients — community aguared
pneumonia. The control group included 20 healthy chil-
dren, resembling by age. Verification of the diagnosis was
conducted in accordance with the criteria for the diagnosis
of acute bronchitis (Order of the Ministry of Health of Ukraine
Ne 18 dated December 31, 2005 “The protocol of treatment
for children with acute bronchitis”) and pneumonia among
children (Ministry of Health of Ukraine Ne 18 dated De-
cember 31, 2005 “The protocol for treatment for children
with pneumonia”). During the collection of the anamnesis,
particular attention was paid to the peculiarities of the pro-
cess of antenatal intranatal and neonatal periods, as well
as the form of child feeding. A mandatory complex of exa-
mination included chest organs roentgenography, a general
blood test examination, general urinalysis, blood chemistry
test of glucose, total protein, total bilirubin, thymol test, ALT,
AST, electrolytes (potassium, calcium, sodium, phosphorus).
Also we tested the level of of 25-hydroxyvitamin D (25(0H)
D), vitamin D-binding protein, bactericidal protein that
increases the permeability of cells (hBPI), cathelicidin LL-
37, R1-defensins, lactoferrin in blood serum with the help
of immunoenzymometric analysis.

Selection of prognostically important pathogenetic fac-
tors was conducted using ROC-analysis of acute bronchopul-
monary disease among infants. A zero degree of prediction
of the indicator was established at an area under the ROC
curve with 0.5 c. u. and less [6].

In order to determine the least possible number of hid-
den common factors, that affect the most the occurrence
of acute diseases of the bronchopulmonary system in chil-
dren and their factor loads, a factor analysis was conducted.
The basis for modeling for the selection of factor complexes
Spearman correlation matrix was chosen with the subse-
quent determination of the vector load of the indicators that
were studied. Significant factors in the model were studied
using the scree plot criterion and the Kaiser criterion [9].
For exponent sampling with a high factor load on the complex
(more than 0,6), the method of orthogonal rotation VARIMAX
was used. The factor analysis using VARIMAX rotation was
performed along taking into account the results of the initial
analysis and using it to describe the dispersion of the data
array of the main components [9].

The procedure of classifying the objects was conduc-
ted using the Hierarchical Cluster Analysis by the method
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of Centroid-based clustering. Hierarchical clustering
was based on the unification of the most similar objects
and was completed by the construction of the dendrogram.
The measure of the distance between the formed clus-
ters was Euclidean distances [9]. Received results were
processed with using the statistic package of a licensed
program Statistica® for Windows 6.1.RU”, serial number
AXXR712D833214SAN5 and “SPSS 13.0” for Windows.
The differences were considered meaningful, if p < 0.05
for all kinds of analysis.

Results of the research and discussion

Based on the results of the ROC-analysis, 15 potential pre-
dictors of the development of acute inflammatory diseases
of the bronchopulmonary system, among infants, were
selected, which included the age of the child, the course
of the antenatal period, the nature of nutrition (natural or artifi-
cial), the parameters of the general blood test (the level of red
blood cells, hemoglobin, leukocytes, ESR), serum levels
of total protein and calcium, and vitamin D, vitamin D-bind-
ing protein, bactericidal protein that increases the perme-
ability of cells (hBPI), cathelicidin LL-37, R1-defensins,
lactoferrin.

According to the analysis of the Spearman rank cor-
relation matrix in the group of infants with acute diseases
of the bronchopulmonary system, the presence of cer-
tain integrations between prenatal, metabolic and immune
factors was indicated (Table 7). This way, the pathological
flow of mother’s pregnancy had an effect on the level of vi-
tamin D-binding protein in the child’s blood serum. Also,
the associative interaction between cathelicidin and lactofer-
rin in serum levels and R1-defensins was indicated.

In order to determine the factors, which that most affect
the occurrence of acute diseases of the bronchopulmonary
system in infants, as well as their factor loads, the correla-
tion matrix exponents were analyzed with factor analisys.
Conducted analysis of correlation integration of 15 indicators,
that can influence the development and the flow of acute di-
sease among infants, allowed to determine and rank “latent”
factors (the main components) in terms of their effect on
the pathological process in the bronchopulmonary system.
After the initial analysis, the main components with proper
numbers greater than 1.0 were distinguished (Table 2).

The proper number of the first 6 main components
exceeded 1.0 and their summary contribution in the total
variance was 66.9 %, with the first 4 main components
accounting for almost half (48.9 %) of the total load. This
indicated that these factors determine the major part
of the pathogenetic factors of acute bronchopulmonary
pathology in the examined patients. Then, a matrix of fac-
tor loads was determined using the principal component
method (Table 3).

In accordance to the obtained data, the main factor was
determined by the parameters of hemoglobin and erythro-
cytes (factorload, accordingly, 0.885 and 0.877) among infants
with acute bronchopulmonary pathology. Conditionally, the first
factor was designated as “the anemia factor”. The received
data are logical, if we consider the fact that any anemia
leads to a decrease in the respiratory function of the blood
and the development of oxygen starvation of the tissues, which
leads to a more severe and protracted flow of the disease.

In this case, in the clinical picture, the signs of respiratory
insufficiency appear to the forefront. This factor explains
13.6 % of the total variance.

The integration of the second factor, which in the total
dispersion was 13.0 %, characterized the ESR (factor load
0.812) and the level of leukocytes in the blood (factor load
0.719). This factor we can call “the factor of inflammation”.

In the structure of the third factor which was designated
as the “the maternal factor” and accounted for 12 % of the to-
tal variance, the most load had the indicators of the child’s
age (0.795) and the antenatal period (0.617).

In the fourth factor, the integration is divided into two
parts: negative (total protein: -0.712) and positive (vitamin D:
0.778). It is known that the activation of protein synthesis
occurs with the participation of vitamin D, which in addition
to participation in the mineral metabolism regulates the ef-
fectiveness of the immune response and has an anti-inflam-
matory effect [3,20]. The factor was defined as “the vitamin D
supply factor”.

The fifth factor was “the immune factor” which was de-
termined by two variables (the lactoferrin and 31-defensins).
These antimicrobial peptides are the main components
of nonspecific protection of the respiratory tract and act as
the main proteins of natural immunity [1,16]. When the ex-
pression of antimicrobial peptides is compromised, the risk
of developing infectious diseases increases [7].

Table 1. The correlation matrix in the group with acute inflammatory diseases of the bronchopulmonary system in infants

Ne The indicators 1 2 3 4 5 6 7 8 9 10 1 12 13 14
1 The calcium -

2 The total protein -0.26

3 The vitamin D 0.07 -0.28

4 The vitamin D-binding protein  0.02 0.20 -0.20

5 The lactoferrin 0.08 -0.06 0.06 0.19

6 hBPI 0.05 -0.27 -0.02 0.09 -0.03

7 The R1-defensins 0.04 -0.09 0.02 -0.03 0.36 0.003

8 The cathelicidin 0.11 -0.01 -0.003  -0.01 -0.07 -0.08 0.36

9 The hemoglobin level -0.01 0.09 0.08 0.17 -0.06 -0.09 -0.11 0.08

10 The red blood cells 0.04 0.19 0.14 0.03 -0.03 0.1 -0.05 0.09 0.72

1 The leukocytes level 0.09 0.15 -0.06 0.18 0.02 -0.09 0.12 0.04 032  -0.10

12 ESR -0.08 0.28 0.09 -0.32 0.20 0.1 -0.02 0.02 028  -013 0.53

13 The pathology of pregnancy ~ 0.19 -0.18 0.15 -0.29 0.01 -0.01 0.18 -0.02 0.08 0.06 0.38 0.05

14 The age of the child 0.12 -0.10 -0.02 -0.26 -0.15 0.12 -0.01 -0.05 0.05 0.11 0.07 -0.01 0.23

15 The nature of nutrition 0.19 0.01 -0.15 0.18 -0.07 0.06 0.03 -0.14 0.10 0.03 0.16 0.19 0.05 0.17
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In the sixth factor, one variable is defined, precisely
the level of calcium in the blood with a factor load of 0.840.
The established factor was named as “the calcium exchange
factor”. Calcium ions have an important place inimmune pro-
cesses. On the one hand, each population of immunocom-
petent cells has a calcium dependent activation mechanism
[21]. On the other hand, excessive calcium saturation of cells
closes the transmembrane channels and makes the cy-
tomele impermeable [19]. Because of this, the deviation
of calcium concentration in blood can negatively affect the vi-
tal activity and activity of immunocompetent cells and, as a
consequence, reduce the resistance of the organism [18].

Thus, the development of acute diseases of the broncho-
pulmonary system among infants occurs in a dynamic interac-
tion of a number of factors. On the basis of the factor analysis,
aformation of a pathological process model was formed, which
is associated with 6 different conditions. The data of factor
analysis, confirmed a priority contribution to the development
of acute bronchopulmonary pathology, the presence of ane-
mia, immune disorders, the state of provision with vitamin D
and calcium, and the course of the antenatal period.

Based on the obtained data of factor analysis, a cluster
analysis of the main pathogenetic factors was performed.
According to the results of hierarchical cluster analysis, 2
clusters were allocated in the sample of pathogenetic fac-
tors of development of acute bronchopulmonary pathology
among infants (Fig. 1).

The conducted cluster analysis shows that at the initial
stage an associative interaction between the indicators of red
blood is formed with the subsequent addition of calcium
level indices and the total protein of the blood. The level
of these components is affected by the unfavorable course
of the antenatal period (cluster 1).

Then, based on the results of the cluster grouping, an ag-
glomeration was formed which was made up of lactoferrin,
R1-defensins, vitamin D, the index of ESR and the level
of leukocytes in serum (cluster 2). The resulting structure is
displayed in a hierarchical tree of different branches and a
certain cluster emphasized the initial role of immuno-in-
flammatory components in the development of respiratory
diseases among infants. The recieved line interactions
were completed by indicator of child’s age, which formed a
common agglomerate with these parameters. With all this,
the components of the formed clusters not only logically
complemented each other, but also indicated their patho-
genetic role in the development of the broncho-pulmonary
system among infants.

So, the results of conducted factor and cluster analysis
were of interest for determination the main indicators when
predicting the possibility of developing of acute inflammatory
diseases of the bronchopulmonary system in infants.

Conclusions

1. The highlighted factors allowed to define a group
of parameters, that must be influenced to achieve a maxi-
mum effect in carrying out preventive and therapeutic
measures.

2. When developing therapeutic measures, that are
aimed at preventing the occurrence of acute inflammatory
diseases of the bronchopulmonary system in infants, first
of all, it is necessary to influence the “the anemia factor”

Original research

Table 2. The factor analysis of indicators that affect
the development of acute inflammatory diseases of the bronchopulmonary system

among infants

The components The initial analysis VARIMAX rotation
Own number  The total part Own number  The total part
(A) in t.he total (N) in t!1e total
variance variance
(%) (%)
The main component-1 2.208 15.772 1.901 13.582
The main component-2 1.859 29.054 1.823 26.603
The main component-3 1.628 40.679 1.681 38.612
The main component-4 1.336 50.224 1.441 48.906
The main component-5 1.233 59.031 1.334 58.433
The main component-6 1.101 66.894 1.184 66.894
The main component-7 0.921 73.472
The main component-8 0.849 79.537
The main component-9 0.753 84.917
The main component-10 0.587 89.112
The main component-11 0.517 92.807
The main component-12 0.460 96.092
The main component-13 0.316 98.349
The main component-14 0.231 100

Table 3. The calculation of factor loads on indicators that were studied among infants

with acute bronchopulmonary pathology

The indicators

The Factor loadings

1 2 3 4 5 6

The age of the child
The leukocytes level
The calcium

The total protein

The vitamin D

The lactoferrin

The R1-defensins
The hemoglobin level
The red blood cells
The pathology of the antenatal period
ESR

0.795
0.719
0.840
-0.712
0.778
0.601
0.731
0.858
0.877
0.617
0.812

Euclidean 0

distances [

The hemoglobin

The red blood cells J
The calcium

The total protein
The antenatal p-d
The lactoferrin

B1-defensins

The vitamin D

ESR

The leukocytes

The age of child

Fig. 1. The cluster analysis dendrogram of leading pathogenetic factors of development of acute
inflammatory diseases of the bronchopulmonary system among infants.
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and “the calcium exchange factor” as well as “the vitamin D
supply factor”, meaning to correct vitamin D deficiency
and carry out measures aimed to prevent the development
of anemia.

3. Taking into account the fact that the unfavorable
course of the antenatal period is one of the risk factors
for the development of acute bronchopulmonary diseases
in infants, then those activities, aimed at the prevention
and treatment of the pathological course of pregnancy will
help stabilize the “the maternal factor” in the future.

The prospects. In the future we plane to analyze the pe-
culiarities of the flow of acute bronchopulmonary diseases
among infants, taking into account highlighted pathogenetic
factors with the justification of preventive measures aimed
at preventing their occurrence.
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