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ABSTRACT

The environment is implicated as a source of healdrassociated infections (HAIs) and there is &cdcéor
evidence-based approaches to environmental sampiiragsess cleanliness and improve infection prtevemand
control. Our objective is to study the basic prjples of prevention and control of the infectionattinay be
acquired in health-care facilities (but does notdegks other aspects of hospital hygiene (RegionrtRHéenitra,
Morocco)and safety such as pressure sores and idke of falls). The multivariate statistical techo&g (i.e.,
principal component analysis (PVA), the multipteehr regression (M LR) and partial least square $Phave been
used to evaluate the pattern of the relationshipagnvariables. The ACP allowed us to observe twougs (GA)
correlation between the different services and gheup germs (GB) where there is predominance otdric
Bacillus and Klebsiela pneumoniae in service regagon. Partial least square regression (PLS) ahé (MLR),
have shown a correlation coefficient respectivel$.899 and 0.995.The regression model obtainedestgd that
the proposed combination could be useful for praticthe total percentage of different bacteria.eTpredicted
values of activities are in good agreement withdgkperimental results.
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INTRODUCTION

Management of health-care waste is an integral gfanospital hygiene and infection control. Heatdre waste
should be considered as a reservoir of pathogeitimorganisms, which can cause contamination awnd gse to
infection. If waste is inadequately managed theganorganisms can be transmitted by direct contaatye air, or
by a variety of vectors. Infectious waste contrdsutn this way to the risk of nosocomial infectippstting the
health of hospital personnel and patients, at Xi4[

Patients undergoing colorectal surgical resectiomge a high incidence of surgical site infectiorSIjS Many
patient-specific risk factors have been recognisedssociation with SSI in such patients, but eswinental
contamination is increasingly recognised as a dmutor to hospital-acquired infection (HAI). Thitudy set out to
describe the bacterial contamination of the patemtironment, using hospital bed-control handsassthey are
frequently handled by both staff and patients amgresent a marker of environmental contamination
Staphylococcus aureus the most common bacterial species implicated aause of surgical site infection (SSI)
[3,4].Many types of pathogenic micro-organisms hdnez=n found on a variety of common hospital sudace
including:(bed, sink, toilet, wall, rails, call 4an, stretcher)[5,6Klebsiella pneumoniaéed frame, over-bed table,
bedcovers, drains, sinks) [7,8].
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S. aureudair, mattress cover, bathroom floor, bed linemirs, table, floor) [9-11] and A. baumannii (beals,
sinks, tables, curtains, door handles)[12].

Our objective is to study the basic principles odyention and control of the infections that maydoguired in
health-care facilities (but does not address aispects of hospital hygiene and safety such asymesores and the
risk of falls).

The multivariate statistical techniques principahponent analysis (PCA), the multiple linear regi@s (MLR)
and partial least square (PLS) have been usedaloae the pattern of the relationship among vée&f8,11]. The
predicted values of activities are in good agreameéth the experimental results.These statistieahhiques and
exploratory data analysis are the appropriate témisa meaningful data reduction and interpretatoddnmulti-
consistent physical and chemical measurements.

EXPERIMENTAL SECTION

Material

A qualitative and quantitative study of microbioica control was conducted over a period of seventivs from 1
January 2013 a 31 July 2013 at the Kenitra hospital a total bed capacity 418 beds (table 1). Adicw to ISO /
DIS 14698-1, we used the method swabbing in twaiipeases: looking very germs specific on flaifaoes and
non-planar) [13]. Swabs should were remising inchaises protectors and were sent to the laboratithynve quarter
time. In total we conducted 210 samples.The cobmiere identified using standard keys and Bergdgsual of
Systematic Bacteriology 1984. Each sample was tegekatimes and identified.

Table 1: Percentage of the different isolated germaccording services

Services BAC SCN SA KP PO EC PV Total %
Réanimation 11(20%) 9(17%) 10(18%) 11(20%) 10(19%) O 3(6%) 54
Traumatology 4(18%)  7(35%)  8(35%) 3(12%) 0 0 0 22
Emergencies 4(20%) 4(20%) 5(25%)  4(20%) 0 3(15%) 0 20
Operatingblok 6(37%) 3(19%) 5(31%) 2(13%) 0 0 0 16
Surgery 5(31%) 6(37%) 0 3(19%) 0 2(13%) 0 16
Medicine 5(31%) 6(37%) 0 3(19%) 0 2(13%) 0 16
Pneumo-phtysiologie  5(13%) 6(37%) 3(19%) 2(13%) 0 0 O 16
Maternity 3(27%) 4(37%)  4(36%) 0 0 0 0 11
Pédiatrics 3(23%) 2(15%) 3(23%) 3(23%) 0 2 0 13
Maternityblok 5(55%) 3(25%) 2(18%) 0 0 0 0 11

BAC :Bacilus ;SCN : Staphylocoques coagulases négati@a ;; Staphylocoque :aurukpP :KlebsielapneumoniaePO :Pseudomonas
oeruginosa EC :EnterobactercloacaePV :Proteusvulgarisantiotal% : Total pourcentage of bacteria.

Proteus vulgarisndPseudomonas aeruginosas isolated only in pipes and liquid respiratéenéerebacter cloacae
in level trolleys and bedside tabl&y cons thaflebsiela pneumoniae and Staphylococci aunars isolated from
all surfaces and targeted medical devices.

Computational methods

Principal components analysis

The multivariate statistical techniques such asdisal Component Analysis (PCA) have largely wesedias
unbiased methods in the analysis of the preverdiwh control of infections that can be acquired éalth care
facilities him and give useful information,) [14]J13°CA is a fundamental right and one of the magpypar
multivariate statistical based on monitoring method

Multiple linear regressions (MLR)
Linear regression is the study of the relationdiepween a dependent variable and several indeperdgables.
The multiple linear regression (MLR) is generatsihg the XLSTAT, version 2009 software to prediotai%.

The optimal number of components (N) is employeddto validation MLR analysis to get the final model
parameters such as correlation coefficiehtsRandard deviation (S) and Fischer test valugl6fF)

Partial least square analysis (PLS)

The PLS have two objectives: to approximate therimmdt of molecular structure descriptors to the rxaly of
dependent variables and to maximize the correldieiween them. The leave-one-out (LOO) method[18] wsed
to perform the cross-validated analysis. The odtimanber of components (N) is employed to do nolidaion
PLS analysis to get the final model parameters sischorrelation coefficient?R7], standard deviation (S) and
Fischer test value (F).
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RESULTS

Principal component analysis (training set selectit)

Descriptive analysis

Correct for statistical analysis, we considerednfrtable 1 that the bacteria that are in great nusnbvevarious
services such asécillus SCN, andKlebsielaaurus Staphylococcus pneumop{@able 2).

Table 2Descriptive analysis of the percentages of the varis germs isolated according to services

Variable Minimum Maximum Moyenne Ecart-type
Total% 11,000 54,000 19,500 12,616
Bacilus 3,000 11,000 5,100 2,283
SCN 2,000 9,000 5,000 2,160
Staphylocoque aurus 0,000 10,000 4,000 3,197
Klebsielapneumoniae 0,000 11,000 3,100 3,071

Matrix of correlation (Pearson (n))

The first two principal axes are sufficient to dése the information provided by the data matrindéed, the
percentages of variance are 77,38% and 11,82%h&orakes F1 and F2 respectively. The total inforomats
estimated to a percentage of 89.20%. The principalponent analysis (PCA) [14-18,19] was conduateidéntify
the link between the different variables. Bold esare different from 0 at a significance levepaf 0.05.

The Pearson correlation coefficients are summarirethe following (Table 3). The obtained matrixopides
information on the negative or positive correlatimtween variables.

Table 3: Correlation matrix (Pearson (n)) between iferent germs

Staphy Klebsiela

. o .
Variables Total% Bacillus SCN aureus _pneumonie

Total% 1

Bacilus 0,889 1

SCN 0,750 0,653 1

Staphylocoqueaurus 0,741 0,518 0,434 1

Klebsielapneumoniae 0,959 0,822 0,687 0,622 1

Bold values are different from 0 at a level sigrdfit for p < 0.05;At a very significant for p < @@t a highly significant to p < 0,001
DISCUSSION
Test de sphéricité de Bartlett

Khi2 (observed value) 46,368
Khi? (critical value) 18,307

DDL 10
p-value < 0,0001
alpha 0,05

Test interpretation
HO: There is no significant correlation between tifeecent variables of 0.

Ha: At least one of the correlations between thealdes is significantly different from 0.

Since the p-value calculated is less than the faggmnice level alpha = 0.05, we should reject thik mgpothesisHO
and the alternative hypothesis Ha remember.

The risk of rejecting the null hypothes$t® when it is true is less than 0.01%.
Cartesian diagram
-From Figure 1 it is observed that Total% is hightyrelated with all the gernBacillus SCN, Staphylococcus

pneumoniaaurus anKlebsieldGA).

-At the level of services trauma and resuscitatimre is a strong correlation between all of thetéria (Figure 1)
which could be explained by the predominance ofdsa&ccompared to other services (GA).
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It is found thatBacillus and Klebsielapneumoniaare highly correlated with the resuscitation dapant (GB)
which could be explained by the predominance irréiseiscitation department (Table 1).

Could explain this contamination by contact of laad as an important reservoir of microorganisnhes€é micro-
organisms may then be transmitted via the handgher inanimate objects or to patients[20].

Extensive environmental contamination has been detm&ied in numerous outbreaks. Colonized sites hav

included bed rails, bedside tables, surfaces oftilagors, sinks, suction equipment, mattressesyusatation
equipment, curtains, slings for patient lifting, pso buckets, door handles, stethoscopes, incubaodscomputer
keyboards. The colonization of respiratory traatipment and devices has been common[21].
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Figure 1: Cartesian diagram according to F1 and F2epresenting correlation between different serviceand bacteria

Multiple linear regressions (RLM)

To propose a mathematical model to quantitativeleas the hospital control of all the germs preisebh® services,
we submitted the data matrix consists obviouslynfdd® hospital services based on the percentadeedivie seed, a
progressive multiple regression analysis. This wethses the coefficients R?,Rand F values to select the best
performance regression. Where R is the correlat@efficient; R2 is the coefficient of determinatidSE is the
mean square error; F is the Fisher F-statisticaffinent by multiple linear regression is more adeul@®cause it
allows you to connect the structural descriptorsefach activity of 10 molecules to quantitativelkiate the effect

of substituting [14].

Total% = -1,896+1,50Bacilus +0,727SCN+0, 9121Staphylocoqueaurus + 2,078 Klebsiela pneumonia(Equation 1)

The equation 1 shows a very regular distributiorpefcentages of total germs, depending on the ewpetal
values. The obtained coefficient of correlatiorequation 1 is quite interesting R = 0,995.

N =10 R =0,992 R=0,995 RMCE = 1,512

Table 4: Analyses of variance

Source DDL  Sun of square Mean square F Pr>F
Modéle 4 1421,062 355,266 155,304 <0,0001
Erreur 5 11,438 2,288
Total corrected 9 1432,500
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As a remark (Table 4), the model the values arerdifit from 0 at a significant level p < 0.05 fax®,001 with
Fus = 155,304. The figure 2 shows a very regular ihistion of percentages of total germs, dependinghen
experimental values.
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Figure 2: Graphical representation of the calculatd and observed values of total percentage germs attteir residues established by
MLR

Partial least square analysis (PIS)

To linearly correlate the Total%Bacilus, SCN, Staphylocoqueaurus,.Klebsielapneusatha following equations 2
was used:

Total% =-2,840+1,78Bacilus+0,698SCN+1,0695Staphylocoqueaurus+1,767Klebsiela pneumoniae(equation 2)
N =10 R =0,990 R=0,999 RMCE =1,412

The correlation coefficient obtained in equation & very interesting (0,999). To maximize the leweé error
deviation and better building our model finish.

As part of this conclusion, we can say that thaltpercentage values obtained from PLS regressierhighly
correlated to that of the total % observed in conmggthe results obtained by the MLR method.Therég3 shows
a very regular distribution of Total% values depgagdn the experimental values.
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Figure 3: Graphical representation of the calculatd and observed values of total percentage germs attkir residues established
by partial least squares regression (PLS)

Table 5 shows the comparison of observed valuds thé calculated values of the MLR and PLS. Thalipted
values of activities are in good agreement withetkggerimental results.

265



Majdouline Larif et al J. Chem. Pharm. Res., 2014, 6(9):261-266

Table 5: Observed values and calculated of Total%caording to different methods

Services Total% Préd(Total%) Résidu Préd(Total%) Résidu

PLS PLS RLM RLM
Réanimation 54,000 53,190 0,810 53,174 0,826
Traumatology 22,000 23,037 -1,037 22,741 -0,741
Emergencies 20,000 19,500 0,500 19,902 0,098
Operating blok 16,000 18,834 -2,834 18,024 -2,024
Surgery 16,000 15,565 0,435 16,221 -0,221
Medicine 16,000 15,565 0,435 16,221 -0,221
Pneumo-phtysiologie 16,000 17,007 -1,007 16,878 -0,878
Maternity 11,000 9,579 1,421 9,171 1,829
Pédiatrics 13,000 12,415 0,585 13,041 -0,041
Maternityblok 11,000 10,308 0,692 9,627 1,373
CONCLUSION

The APC allowed us to observe two groups (GA) dafien between the different services and the grgepms
(GB) where there is predominancelicteria: BacillusandKlebsielapneumonia@ service resuscitation. Partial
least square regression (PLS) and the (MLR), hdnmvis a correlation coefficient respectively of ®98nd
0.995.In conclusion the essential measure in ptevgithe spread of nosocomial infections is isolatof infected
patients. The term isolation covers a broad doro&imeasures. The strictest form of isolation isl&ppin case of
very infectious diseases (e.g. haemorrhagic fediphtheria); less stringent precautions can bendkecase of
diseases such as tuberculosis, other respiratdegtions, and infectious diarrhoea. Isolation ofy ategree is
expensive, labour-intensive, and usually inconveinie uncomfortable for both patients and healtte qgersonnel,
its implementation should therefore be adaptechéoseverity of the disease and to the causativetabésease-
specific precautions should include details otta#l measures (private room, wearing of masks omgoetc.) to be
taken in the case of a specific disease causedibfirred organism.
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