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Abstract 

In the third national prevalence survey of infection in hospitals, pneumonia was the third most common (13.9 per cent) acquired infection in acute hospitals (Hospital Infection Society/Infection Cont rol ~ unes Association, 2007). Hospital acquired pneumonia is associated with crude mortality rates up to 70% and attributable mortali ty rates as high as 33'% to 50%. Pneumonia is one of the top ten causes of deaths in the Philippme.s_ Inhalation therapy equipment such as nebuliz.er may potentially act as a vector of hospital·acquired pneumonia. The major mechanism by which bacteria are disseminated is aerosolization of or ganisms in particle siu:s that are sufficiently small to be deposited in terminal lung units. Nebulizers create aerosols of minute droplets that penetrate deeply into the narrowest airways and thus present a significant problem. This is especially w for small - volume medication nebulizers (Botman and de Krieger, 1987). The main purpose of this study is to conduct a bacteriologic asE!?.-Smem of the different parts of the nebulizers m selected wards of lligan City Hospitals . Acquisitions of samples were obtained through swabbing at different paxts of the nebulizers specifically the air fil ter and compressor port from different wards of Iligan City Hospitals. Swab sample.,, were subjected to the conventional method of identification of bacterial species. 

The authors Edmilao-Coyoca, Jose, Tabil and Caser a. are faculty members of the College of Nursing of MSU·IIT while Baguio, Gemelo an d Vega are semor students of the same college. Amorado is a faculty member of the Departm ent of Biolo¢cal Science, MSU· IIT, College of Science & Mathematics. 
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Bncillus sp .. StJ·eptococc:11s sp .. und StNpl {1rJ(lmc·t ·118 l-lp, (pnl lwg·nnk 1111d 

nonpatJ10genid were among t:he idunt:ifiorl b11cla,l'i11l spouit1H, Bt1t.,wun 1Ju1 

air filter and comprc'ssor port, t.110 lutt,c1t· ~rio lrlod tho high1,sl. nu111hl11· pf 

bacterial species, Moreover. tJw pnrts of' tho nC'1111lizM m·o not 1h1p11nd11111 on 

onch other with rospoct to tho totnl numbc,r or t.ypNi of h1H'lt11·i11 pr11H11nt. 

Bncte1ia uro the• most common cm1sC's ot' µnoumuni11 , Tho nwst c·oninwn 

organisms that Cflusc pneumonin inchtdo ._'-.'trc:ptocrx·t·11.,· (S. I 

p11e 1w1011i11C' (also callorl pnoumocOl:cus, St11µhyk1<vit ·c•11.-; (.s: I NIIIY'l/8, 

Stl'eptococcus p vog-e11es or Group A st.l'optococc11s 11 11d t.o H fo:4s1n· d11g·n11'. 

Bncillus 1111thmcis nrny also cuuso Typicnl pnoumonin , H11so<l on tho findini,,~ 

of this study, it is recommcnrlod thnt, p1·opur clll'u 1111d nrni nt c•nnnco :,;hould h11 

observed to reduce if not, eliminat e pot.cnt: i11 l smn,:L' pf noso1·m11i11I 

pneumonia that may poso n throat lo putiunt's hu11lt,h comlitio11. 

Ke;rwol'ds: pneumonin - en using bllctol'iil, nobuliiC't', 1·0111p1'l'SR01' plll'I, 

air filter, nosocominl pnonmoniu 

INTRODUCTION 

NosocomiaJ infections, also culled hospital·acqufrod infuct.ionH, 111'0 

those that ai•e associated with the delivery of h ealth care flOJ'vicoH. Those 

can either develop during the c.lient's stny in tho hea,11.h c 111·0 f11ciht.y. or 

after discharge. The most common sett.ing·s whore nosocominl infoct.ious 

develop are hospital surgical or medical intonsiv(' cnre unib:i. '('ho mosti 

common routes of transmission for Nosocomial infect.ionH 11rn t,ho uri1111l'y 

.tract, the .respiratory tract, bloodstream, und wounds, (Bcmrnn, Snyder, 

Kozier & Erb, 2008). 
Nosocomia•l pneumonia is tho second most comm.on no11lH:omi11I 

infection worldwide but loads to the g.reut.es t. .numlwr ol' nmn)comiul· 

rela1ted deaths (Rello, 2007). Based on an article wriUon by dC1 Gn'.1.1111111 

(2003~ pneumonia is the most prevnlcnt. nosncomi11l inf'oction in t.lw 

Philippines of which is mostly from PsC'11domo1111s m•r11gi.Jws11. I'. 

ae1·uginosa is a prevalent gram·negative uµport.uniHtic hunrnn pHt.bogou 

most common in the nosocomial infection. 1'hiH 01·g1rni:c1m uJifr_,ct.H p11 t.ient~ 
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who are immunocompromised and is hard to treat because it is antibiotic 
resistant. The other leading pathogen which is Staphylococcus aureus 
causes the same clinical manifestations with other bacteria•l pneumonia. 
However the illness is more severe and slow to respond to treatment (Archibald et al., 2008). 

Nosocomial infections are multifactorial in origin. More factors for 
nosocomial infections are unknown and cannot be quantified. Freeman and McGowan (1981) as cited by Alora et al. (1990), stated that 
"Nosocomial infections were the only infections that regularly occurred under medical surveillance." It is imperative, therefore, that health care 
personnel should be more aware of and be vigilant on the detection and 
treatment of nosocomial infections. 

Samuel et al. (2010) asserted that nosocomial infection is a 
recognized public health problem world-wide with a prevalence rate of 
3.0-20.7% and an incidence rate of 5-10%. It has become increasingly obvious that infections acquired in the hospital lead to increased 
morbidity and mortality which has added noticeably to economic burden. Nosocomial infections are responsible for about 90,000 deaths in the U.S. per year and approximately 10% of American hospital approximately 10% of American hospital patients (about 2 million every year) acquired 
clinically significant nosocomial infections. In Italy in 2000s, about 6.7 % 
of hospitalized patients were infected; that means, between 450,000 and 
700,000 patients had nosocomial infections out of which between 4,500 
and 7000 died. In Switzerland, e:>,._-trapolations assume about 7©,©00 
hospitalized patients affected by nosocomial infections (between 2 and 
14% of hospitalized patients). In Nigeria, nosocomial infection rate of 2. 7 
% was reported from He, while 3.8 %29 from Lagos and 4.2 % from Ilorin. 
The cause of nosocomial infections might be endogenous or exogenous. 
Endogenous infections are caused by organism present as part of the 
normal flora of the patient, while ex0genous infections are acquired 
tluough exposure to the hospital envfronment, hospital personnel or 
medical devices endogenous or exogenous. 

Devices used on the respiratory tract for respiratory therapy (e.g., 
nebulizers) are potential reservous and vehicles for infectious microorga,nisms. The major mechanism by which bacteria are 
disseminated is aerosolization of organisms in particle sizes that are 
sufficiently small to be deposited in terminal lung units. Nebulizers create aerosols of minute droplets that penetrate deeply into the narrowest 
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airways and thus present a significant problem. Routes of transmission 
might be from device to patient, from one patient to another, or from one 
body site to the lower respiratory tract of the same patient via hand or 
device. Contaminated reservoirs of aerosol-producing devices (e.g., 
nebulizers) can allow the growth of hydrophilic bacteria that subsequently 
can be aerosolized during use of the device. Gram-negative bacilli (e.g., 
Pseudomonas sp., Xanthomonas sp., Flavobacterium sp., Legionella sp., 
and nontuberculous mycobacteria) can multiply to substantial 
concentrations in nebulizer fluid and increase the risk for pneumonia in 
patients using such devices (Centers for Disease Control and Prevention, 
1997). 

A nebulizer, also known as an atomizer, is a machine that 
vaporizes liquid medication into a fine mist to be inhaled into the lungs 
(Wallace, 2003) . Nebulizer therapy is indicated for patients with asthma, 
acute bronchospasm, excessive mucus build-up, cystic fibrosis, 
pneumonia, and COPD, as this provides quick relief of symptoms. 
Nebulizer therapy also helps to loosen bronchial secretions in the 
respiratory tract thus providing relief from obstructions. It minimizes the 
risk of side effects of the medication, preventing the medication from 
being metabolized into a less effective form in the body. 

Because inhaling and exhaling takes place when using a nebulizer, 
bacteria from the infected lungs go back into the aerosol. That is why 
regular cleaning is very important in between using a nebulizer to 
prevent inhaling bad bacteria that may cause lung infection the next time 
you use the device so for small-volume nebulizers (Batman & de Krieger, 
1987). Meticulous use of medical and surgical asepsis is necessary to 
prevent transport of potentially infectious microorganisms. Many 
nosocomial infections can be prevented using proper hand washing 
techniques, envii·onmental controls, sterile technique when warranted, 
and identification and management of clients at risk for infections 
(Berman et al. , 2008). 

The nosocomial infection that this study is most concerned about is 
nosocomial pneumonia. It occurs in 1 % of hospitalized patients, including 
10% of intensive care patients, and is the leading cause of hospital-related 
mortality. The disease may be caused by cross-infection between patients, 
usually carried by staff, or acquired from other colonized sites (Hough, 
2001). According to a study by Ghazal et al. (2006) entitled "Outbreak of 
Burkholderia cepacia bacteremia in immunocompetent children caused by 
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contaminated nebulized salbutamol in Sa udi Arnbin," n LoL11l of' 7 p11Lio11 tH 
were reported to be positive with 13. cepacin in Lhcir blood c.:11ltu1·nH, 'l'IH• 
patients were negative u pon admission nnd poRitivl' nf'Li·r II f'l' w dnyH "f 
hospitalization. 5 inpatients admitted for rcspirnLory prohlPmH wo re givon 
nebulized salbutamol for at least 3 days, nnd dc'vt> loped fc•vPr 11nd d,·y 
cough after a few days of hospitnliza tion . 'l'lw l'is k fnctnr hl•1ng HI ud ic•d 1H 
the concomitant u se of ncbulized budcsonide with sn lhu l nmol. I I w11 1-1 
fou nd out that concomitanl use of the ncbulizcr 1H 2fi t ttn<'H 111nrc likl' ly 
associated with infection a nd is st ntisticnl1y signilicnnt. 

AB with any piece of medical equ ipment , u nL'lrnlizu1· Hhou Id bl· 
sanitized after each use per mnnufncturcr's instrudionR. l lowcve1·, Huclt iH 
not th e case h ere in our locnl hospita ls. ln p1·t>v io11 t'I d11LieH, Lli <· 
researchers h ave observed t hnt some palicnLs do not clc.,11 11 Lhuit· nPhuliz<'r 
equipmen t . Some even just pince them on Lop of' their hedHid<' L11b lc•, 
instead of securing a clea n contniner. Thus, this igniLeA the l'OHPnrclwt'\1 
enthusiasm to conduct t his study with the main purpoHo of' HU rvl!yi n J.{ Llw 
presence of microorganism in the nebulizers whic.:h cn n be a polc11Linl 
source of nosocomial infection. 

CONCEPTUAL FRAMEWORK 

This study is a nchored on th e agen L-hosL-environrnenL model of' 
health a nd illness by Leavel a nd Clark. The agenL- hosL-cnvironm cn L 
model of health and illness by Leave! a nd Clark (1965) has hcen oxpn ndud 
into a general theory of the multiple causes of disea se. The model ha H 
three dyna mic elemen ts, na mely, ihc agent , Lhe hos L, and Lhc 
environment. The agent is defined as "a faclor (biolohric, chem ic.:u l, 
physical, mechanical, psychosocial) that musL be present or 1:1b HenL for a n 
illness to occlll·," the host as "living beings (e.g., huma n or anim a l) capable 
of being infected or affected by the agen t ," and Lhc environmenl a s 
"everyth ing extern a l to the host that ma kes illness more or less like ly ." 
Becau se each factor constantly intcracLs with the oLh ers, hea lth is an ever 
chan ging s tate. Health -is maintained when tho vnriables arc in bHla ncc; 
otherwise, disease occurs. The microorga nis m present in tho nebulizer 
serves a s the agent that can cause infections, the nebul iwrs se rve a H the 
environment where the a gent is found without thu patient aH Lhc host 
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who may or may not require the infection associated with the . . 
Illlcroorgarusm. 

In Florence Nightingale's Environmental Theory. health is linked 
to five envirollllental factors: (1) pure or fresh air. (2) pure water, (3) 
efficient di·ainage, (4) cleanliness and (5) light, especially direct sunlight. 
Deficiencies in these five factors produced lack of health or illness 
(Berman et al., 2008). Our study is focusing only on two factors namely 
fresh air and cleanliness. The presence or absence of microorganism in 
the nebulizer reflects cleanliness. Fm-thermore, ineffective cleaning of the 
nebulizer compromises the respiratory tract of the people using it. An 
environment wherein aseptic technique is practiced and maintained is 
one of the factors that can prevent nosocomial infection. 

STATEMENT OF THE PROBLEM 

The main purpose of this study is to conduct a bacteriologic 
assessment of the different parts of the nebulizer in selected wards of 
Hospital X and Hospital Y both in Iligan City. (For ethical purposes we 
have changed the names of the two hospitals into Hospital X and Hospital 
Y). 
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I GRAM STAINING BLOOD AGAR 
MANN ITOL 

SALT AGAR 

Yellow Pathogenic Hemolytlc, medium-
(mannitol 4 (+) cocci in cluster 

sized colonies Staphylococcus 
fermenter) 

I Non-hemolytic, Pink Non pathogenic 
1 (+) cocci in cluster medium sized (non-mannitol 

Staphylococcus 
f colonies fennenter) , 

I 

I Hemolytic, small 
No growth Streptococcus 

1 ( ►) cocci in chains (non-salt 
colonies 

tolerant) 
sp. 

L Pink 
4 (+) rods 

Hemolytic, large 
(non-mannitol Bacillus sp. 

colonies 
fermenter) 

Specifically, this study aims to answer the followi,ng: 

1 . What are the possible pneumonia-causing bacteria f0und in the 
nebulizers, particularly in the air filter and compressor port, in 
selected war.ds of Hospital X and Hospital Y? 
2- Is there a significant difference in terms of bacterial species of 
t~e samples isolated from the different parts of the nebulizer (air 
filter and compressor port)? 

METHODOLOGY 

ide t · This study employed a descriptive resewch design and aimed to 

110:~ ify _bac~eria present in the nebl,l.lizers that may cause respiratory 
com1al in£ t· · 1.. • d 

series of ec ion. ~ultm·e _f-rom the nebu1ize:cs w~s suwJecte . to _a 
tests to obtam description of the morph@log1c and phys10log1c 
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characteristics. The assessn;ient of the mic1;obiologic profiles of tlre cuil'ture 

swabs from the nebulizers was done at the microbiology la•boratory of 

MSU-IIT College of Science and Mathematics. 

Method of Data Collection 

Acquisition of samples was obtained through swabbing at different 

parts of the nebulizers, specifically the air filter and compressor port, 

from different wards of Hospital X and Hospital Y namely, the Medicine 

ward, Surgery ward, and Pe.diatric ward. Swab samples were subjected to 

the conventional method of identification of bacterial species. 

J 

-- a.,,~ 
ID,,. ,. 

. ~~~ 
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Air filter 
SAMPLE 

I 

Compressor port 

SAMPLE2 

B.M.Q. BAGUIO el al. 

Hospital X/Y 

Air filter 
SAMPLE 1 

Ward 2 

Compressor 

port 

SAMPLE 2 

Heterotrophic Plate 

Air filter 

SAMPLE 

(3 replicates per sample) 

lsohllion of bacteria 

(estimates of 5 isolates) 

D 
Gram Staining 

December 2012 

Ward 3 

Compressor 

port 

SAMPLE 2 

Fi w ·e l. Ap1·ototype of a neb_ulizer: Oeft) closed, with air filter; (right) 

g open, with compressor po1-t 
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Gram - positive 0111111 - ncga1iw 

Blood agar Eosin i'vlelh) knc 
Blue ng:tr 

Bacillus 
sp. 

Streptococcus 
sp. 

Staphylococcus 
sp. 

Mannitol 
Sale agar 

LaGtose 
fermenter 

Escherichia 
coli 

Klchsidlu 
pncumoniaL' 

Pathogenic Non - pathogenic 
Staph.aurcus Staph.cpidennidis 

Figure 2. Schematic diagram of the procedm·e used 

Collection of Samples 

UIL'(llSC llllll 

frnn~llll' I 

Pscudn111t111:i , 

ncruginnsa 

Collection of sa,mples from the ai!r ffiilter and compressor port WH 8 

done in each sampling site in Hospital X and Hospital Y, with only one 
samp'ling per hospital in three wards, namely, the Medicine wHrd, 
Surgery ward, and Pediatric ward. The sampling date was determined_ 
randomly, as there can be no way of predicting the pea•k hours 01 

nebulizer use. 
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Figur& 3. Tes t tu.hes with nutrient broth 

B-efurE: going to the sampling site, test tubes covered with cotton 
plugg :J nd fi lled ·11itb 3-mL nutrient broth were sterilized. The sterile test 
tuhes ·11f.:Tr:; labelt:d a (:(:.()rdingly and kept in vertical position during 
transpr,n t<J th(; sampling site to prevent the broth from being tilted to the 
edge 0f thf:; tube and becoming contaminated. They were then kept inside 
a.n k,; huck t;t, submerged in ice and ¥trapped in sterile pla8:ic., still in 
vertka l p<A,it ion. Each sample was swabbed with a wet sterile cotton 
apphcr.1 t<Jr (previously soaked in sterile water), obserring a septic 
~hnirJut t0 eliminate unnecessary contaminants . After every swabbing. 
~-e ~wr.1 hbr:d cott<Jn applicator was put into its respective sterJe test tube. 
~ 1PP1tuJ it into the 3·mL nutrient broth. The tube was then submerged 
lntv the ic£:: to inhibit further proliferation of bacteria. The tubes with the !SWaLs · lab • were rncubated for 24 hours, then transported carefully back to the 

'Jriit-0ry for the bacteria to be grown, cultured, observed, and identified. 
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Figw·e 4. Swabbing of the air .ilter and compresBor pol'f 

The samples collected were then streaked for isoltltion onto n 
nutrient agar plate using :\1:ultiple Interrupted Streak method las ::;ecn in 
figure 5). It was then allowed to incubate for 2-! hours at room 
temperature. The isolated colonies that formed were streaked nnd 
isolated twice over to ensure that the bacterial isolates were not 
contaminated. :\ifodified sterile vial slants with nutrient ng·tlr WCI't' 

utilized for stocking the pure bacterial isolates for further testing. 

A 

= 

C 

Figm·e 5. Jlrlultiple Interrupted Streak Jl1ethod 
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Figure 6. Bacterial gl.'owth 6:ed al'l'ow) on nufrient agal' 

After the isolation of the different bacterial isolates, they were 
then characterized according to the whole shape of the colony, size in 
millimeters, edge/margin, elevation, color, 0pacity, surface, and 
consistency as shown in Figure 7. 
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YORM 

C ln CULl\lt 
E l.EVKrlON 

Ill R f! C O LA It RLAMENTOUS 

RAISED 

MArtCIN 

ENTIJU: UM>ULATE 

n ... AT 

Fl.LI f'OJ;U,I CURLl!D 

December 2012 

RffiZOID 

CRATERJFORM 

LOOATE 

Figure 7. Different types of colonial mo1p'hologies, regarding the shape, 

edge, and elevation of the colony (Hul'lbert, 1999) 

The shape of the colony refers to the overaID. figure exhibited by the 

bacterial colony: round, irregular, filamentous, rhiz0id and curled. The 

edge of the bacterial isolate is a colony morphology characteristic likewise 

considered in such forms as: entire, filamentous, undulate and lobate. 

Another cultural characteristic of bacterial isolates on nutrient agar 

growth is the elevation which assumes the forms a:s: raised, flat, conve~ 

and umbonate. 
Bacteria aire characterized and classified mostly by their enzyme 

or biochemical reactions. As they grow on vario11s types of media, they 

produce certain types of metabolites that are detected by their interaction 

with test :reagents which may result in a color change (Enriquez, 1995). 

fihus, identification of the isolates was based from morphological andi 

biochemical tests for bacteria. 
The Gram stain, which is used to classify bacteria on the basis_ of 

their forms, sizes, cellular morphologies, and Gram reactions and w~ch 

divides most clinically significant bacteria into 2 main groups, is the fi.rst 

120 



Inc ~J 111J..i,,_ .. o h 11 um \ nl X>- 'v. '\n ! fl M () HACilJI() cs ,11 Dtttm~r 2012 

H(•J) 1n hnru·md id,\nt·ifirn1 ion A drop of dit,tiJl0d water WR.a placed on a 

dL•nn r~lni-:- :-.ltti t• U:--.mg ni-rptir tl~chniqucs, :m inoculum from 24 ·hourold 
1ultur•• \.\, IIK r<•ruo,t•d nnd ~m<.·1ucd onto the cletrn glass slide. Th.is wa& 
nllowl'<i to <lry. :rn<l lwnt ·fi~11t ion w11 H ronducted by gently and thoroughly 
lll'11t inr! t lw ~ln!-:, 1.-lbcll' i hrnur4 h n flnmc three l imes. The bactena smear 
wai- fir..,t :-t.111h' tl w1t h t lw hn :--1<' dye crystal violet for 1 minute and 
v. a.:-lh d t hm·rn1 p,hl~ with rnnn111g wat er. The smear was treated with 
nmm\ wdint' t--ol ut 10n fnr 1 nnnut r ~rnd Lhcn rinsed with ethanol. Finally, 
1h1• rnuntt•r~t nm t-nfrnnin wn::: Hpplicd for I minute, and rinsed \,;th 
runrnng w.ttt•r Tlw ~lidt• w,1~ set lu dry for 1 minute, tben microscopy 
fulloVv t·d 1rnd the i-,hn1w. nrrnngemcnt, und gram reaction were noted. All 
'Lllnt--d .._Jid(•i,. were' then cxumined in a microscope under low power 
ohJl"tU, l ' (I.PO) und 1mml' r:--wn oil oliJl'd ivc (OJO). Results from the gram 
't.11mnij rea <.: 11011 w(•rc difTL•J'L•nllntrd by the color of bacterial cells in 
wh1th tlw j:!rHm nl'gAt t\' l' appc•un•d p111k while- those that were gram 
pt,i-1m ~ a pp( a rt>d purpk• <Hruckm·r. 2008, Rs d ted by Acuw.r et al.. 2010). 

ri,w,...,_, 8 Un1w ,.:111111 n •m·tw w,. (l,•J~) I1, •gn rn e, (n'{:btJ positive 

For u. 11y bttt'lt:'rnnn lo be propug-a ted fo r ,m y purpost~ it is necessnry 
l> r()v1d<' t ht• n pprciprit1 tl· biochemical unJ. biophy:-.icol enviroruuent. A 
ll'ty of' !4Pt'crnh1.(l,d mcdm ore designed t-0 focilitat.e determining the 
·ho011cnl rt'ndwn8 of bactt•r1R tTodur , 2008). 
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Blood agar is a bacterial growth medium that can distinguish 

normal from pathogenic bacteria based on the effect of bacterial hemolytic 

exotoxins on red blood cells. Alpha hemolysis (a-hemolysis) means that 

the bacteria generate chemicals that only partially break down the blood 

cells. This results in the media showing a yellowish/greenish/brownish 

discoloration (like a bruise) around the colony, indicating incomplete 

hemolysis. Beta hemolysis (B-hemolysis) means tliat the bacteria's 

hemolytic exotoxins completely beak down the blood cells. The B­

hemolysis pattern results in the media displaying clear halos around 

bacterial colonies. Gamma hemolysis is essentially no hemolysis at all, 

and there is no change to the color of the medium CPort, 2008). All Gram­

positive bacteria have undergone this test. The selected colonies were 

streaked in Blood Agar Plates. The plates were then allowed for 
incubation of the microorganisms for 48 hourn within room temperature. 

Mannitoi Salt agar is used as a selective media for the isolation of 
pathogenic Staphylococci Staphylococcus am·eus grows on this medium 

and ferments- mannitol to produce yellow colonies. Most coagulase 

negative species of Staphylococci and Micrococci do not ferment mannitol 
and grow as small red colonies. (Sigma-Aldrich fuic., 2011) Mannitol Salt 

agar was prepared and was then pouFed in petri dishes. Using aseptic 

technique, an inoculum from the mother cultU11e was then streaked onto 

the petri dishes. It was then allowed to incubate at room temperature for 

48 hours. 
On the other part of the test, Eosin Methylene Blue agar, a 

slightly selective and di.ffe.rential plating medium is being utilized for the 

isolation of gram-negati~~ en.te~c. bacteria. The use of Eo~in a:: 
Methylene Blue enable differentiation between lactose-fermenting a H 
non-fermenting 01,ganisms. When the bacteria ferment the lactose, the P 

deereases in the medium and the medium changes tio a purple c~·­

Gram-nega tive bacteria that ferment lactose appear with a green met. c 
. diUID 

sheen. Those that cannot ferment lactose appear clear on the roe Bl 
(Jett et al., 1994, as cited by Castillo et al., 2010). Eosin ~ethyl~n~ we~: 
(EMB) aga,r was used as culture medium Gram-negative bacilli 

. . 4-48 hours. 
streaked on this agar and incubated at i:oom temperature for 2 th 
Purple growth on this agar suggests Klebsiella sp. while colorless groalliw ·c 
. ""h. . li . h en met 
m v 1s agar nnp · es Pseudomonas sp. Positive growth wit gre 
color sµ_ggests Escherichia coli. · 
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RESULTS AND DISCUSSION 

Twelve samples were collected from the two hospitals. Since each 
sample has three replicates, there were thirty-six samples all in all. 
Among the thirty-six samples that were streaked in petri plates, only nine 
plates yielded isolates. These were the samples from the pediatric, 
medicine, and surgery wards of Hospital X. 

Table 1. Mo1pl10logical and physiological characteristics 
of bacterial isolates 

Fig uro .9. S taphylococcus sp. 
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Figz.u·e 10. Sh·eptococcus sp. 

Figure 11. Bncillus sp. 

Findings show that Bnc:illus sp., St.rc.,ptococcus sp.. and 

Stnp.hy lococcus sp. (pathogenic nncl nonpathogcmic) were among the 

identified bncterinl species. 
According to Harris (2002). tho St,1phylococcus genus includes at 

least 40 species. Most are harmless and residr normnlly on the skin and 

mucous membnmes of humans and other organisms (Madigan & 

Mnrti.nko, 2005). Among the Stllphy lococcus species, S. aureus is 

considered the most serious pathogen. This species is considered the most 
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resist~t of ~ll non-s~ore-forming pathogens, with well-developed 
capacities to _with~tand high salt, extremes in pH, and high temperatures. 
It also remams viable after months of drying, and resists the effects 0£ 
many disinfectants and antibiotics (Talaro, 2011). It is a frequent cause 
of both hospital acquired pneumonia and commll!Il.ity acquired pneumonia 
including ventilator-associated pneumonia (Haessler & Brown, 2009). 
"Staphy lococcus species were the most common bacteria isolated in 
suction machines in the study done by Acuzar et al. (2010) in hospitals in 
Iligan City . Due to its ability to resist multidrug treaitment S. am·eus is 
hard to treat even with antibiotics and intensive care, which causes 
increased morbidity and mortality in chilchen, elderly, and patients with 

medical conditions. 
Most members of the Streptococcus genus are quite sensitive to 

irying, heat, and disinfectants, and seldom develop drug resistance, 
though pneumococci (S. pneumoniae) and enterococci are exceptions. 
Despite the large number of streptococcal species, human disease is most 
often associated with S. py ogenes and S. pneumoniae (Talaro, 201:1!). 
Streptococcus pneumomae is a normal inhabitant of ~he human upper 
respiratory tract. The bacterium can_ ~ause ~neumoma,_ u~~ally ~f t~e 
lobar type, paranasal sinusitis and otitIS ~edia,. or memngitis, w~ch ~s 
u 11 econdary to one of the former infections. S. pneumomae 1s 

sua Y s · · b t ·a1 dis · hildr 
tl t

h leading cause of mvas1ve ac en ease m c en and 
curren y e . di 1 . b. 1 
·th ld 1 s pv.eumoniae is known m me ca IDicro 10 ogy as the 

e e er y. . h 1 d ·t . . 
recerring to its morp o 0gy an 1 s consistent mvolvement 

pneumococcus, 1 ' ) . . . 
. cal pneumonia (Todar, 2008 . Although infection IS often 
m pneumococ , . 

. d dogenously from one s own flora , 1t may occur after direct 
acquire en . dr 1 t fr . •th respiratory secretions or ope s om earners, possib1y 
contact w1 · · d Ii d d 

h 
•t 1 staff. S. pneumomae 1s very e cate an oes not survive 

from ospi a ) Thi 
t 

f its habitat (Talaro, 2011 . s study was conducted at 
loner ou O b bili·t th t S · h e there is a pro a Y a . pneumoma was t ere as a 
random., so · f bb · This will 1 · . t bacteria at the tlfile o swa mg. exp am why, among 
trs.ns1en S . fi d 

• .J: us bacteria, only . pneumoma was oun . 
all fast1L1.J.o B . .: 11 • B AJD.ong the differ_ent . aclll~S species,_ : subtilis and! B. 

. .:.r. mis have been lilplicated m food poisomng and in various 
lichenvor . . . . . . . s including septicemia, pneumoma, wound infection and 
infection , ) ' 

·t 
01

-tis (Baron et al., 1994 . 
pen° 
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Table 2. Numbe1· of bacterial isolates from the compressor port and air 

.ilteT ofnebulizers in different wards in two selected hospitals in 

Ihgan City 

Number of Hospital X(Public Tertiary Hospital Y( Private Tertiary 

bacterial Hos:2ital) Hos:2itaD TOTAL 

isolates Pediatric Medicine Surgery Pediatric Medicine Surgery 

Air filter 0 1 0 0 0 0 1 

Compres~or 
4 3 2 0 0 0 9 

ort 

Hospital Y is a tertiary level accreditation of hospital a nd a 

t raining hospital and its Quality Management System is in compliance 

with ISO 9001:2008 requirements. Several factors have been identified as 

the reasons why there were no isolates found in the said hospital, and 

these include, implementation of regular disinfection schedule of all the 

hospital equipments including nebulizers by the hospital personnel per 

shift or every eight (8 hours), the Infection Control Committee regularly 

and religiously do a quarterly culturn of hospital equipments to identify 

isolates and corrective measures were done immediately if isolates will be 

found out, and lastly, decontamination or fumigation of the hospital 

rooms will be done if there will be suspected patient/s who had 

communicable disease/s . 
For Hospital X, it was found out that between the a,ir filter and 

compressor port, the latter yielded the highest number of bacterial 

species. 

Conclusion and Recommendations 

Among the identified bacterial species were Staphylococcus sp, 

Stz-eptococcus sp. , and Bacillus sp. 
Between the air filter and compressor port, the latter yielded the 

highest number of bacterial species. This is potentially dangerous since 

the compressor port is where the air from the nebulizer goes out and into 

the patient's respiratory tract. Therefore, compressor ports must be 

properly cleaned after every use to prevent cross-contamination. If the 

compressor port is not being used it should be covered with a clean cloth 

or kept clean by wiping it with a clean cloth. Not only the compressor port 
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but other parts of the nebulizer must be cleaned as well. After each 

treatment, the nebulizer cup, and mask or mouthpiece must be washed in 

warm soapy water, rinsed carefully and air dried. Equipment must be 

disinfected either with vinegar, water, or disinfectant solution every third 

day of using and air dried. Air filters inust be changed every 6 months or 

so0ner if filter turns completely gray in color. It is important for the 

hea•lth care workers to observe proper infection control through cleaning 

and disinfecting equipment, such as ne.bulizers, every after use in order to 
prevent respiratory nosocomial infection. Infection·control committees in 

hospitals must determine general and specific control measures. Given 
the prominence of cross-infection, hand hygiene is the single most 

important preventive measure in hospitals. Hospitals can also collaborate 
with biologists in periodic bactepologic assessment of their own 

equipment, and chemists for manufacturing of disinfectants that target 

these types of bacteria. 
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