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THE EFFICACY OF A PNEUMONIA ACTION TEAM (PAT) ON THE TIMELINESS OF 
ANTIBIOTIC ADMINISTRATION IN PATIENTS W ITH AN ADMITTING DIAGNOSIS OF 
PNEUMONIA. 

J. Cofton, RN, BSN, C/C* 
P. Cunningham, RPH, Pharm Cl. 
Desert Springs Hospital 
Las Vegas, NV. 

BACKGROUND: Health Care Financing Administration (HCFA) Region X, conducted a Pneumonia treatment study in 1995 and 
1996 of antibiotic administration within four (4) hours of arrival. The findings were, in Region X, 45.7% of the time patients with 
an admitting diagnosis of pneumonia received the first dose of antibiotic within four (4) hours of arrival. The infection control 
department requested a Pneumonia Action Team (PAT) be sanctioned to determine: 1) timeliness of antibiotic administration in 
our facility; and 2) opportunities for improvement. A multidisciplinary team with members from Administration, Admitting, 
Education, Emergency, Infection Control, Medical Staff, Pathology, Pharmacy, Pulmonary, and Radiology was formed. 

FINDINGS: The team looked at documentation, equipment, people, education, and procedures affecting the timeliness of 
antibiotic administration. The end result was, 77% of the time patients with an admitting diagnosis of pneumonia received the 
first dose of antibiotic within four (4) hours of arrival. 

CURRENT ACTIONS/RECOMMENDATIONS: 1) Focus on evaluation of admission process to reduce delay in antibiotic 
administration. 2) Focus on physician orders that may create a delay, ie: obtain sputum culture first. 

CONCLUSION: The focus of an interdisciplinary team in this issue has been effective in decreasing the time from admission to 
receipt of first antibiotic dose. Improved patient outcome and decrease in length of stay can be achieved through cooperation 
and collaboration from all areas. 

ANTIMICROBIAL TEAM ROUNDS INFLUENCES PRESCRIBING BEHAVIOR. 

G. Ryan, BB A, MLT, C/C* 
T. Turco, Pham, D 
J. R. Williams, MD 
E. F. Ashong, MD, MPH 
L. Boschetto, RN, BSN, CIC 
C. Crain, RN, BSN, MT, C/C 
Our Lady of Lourdes Medical Center 
Camden, NJ. 

Facilitating appropriate, cost-effective antimicrobial therapy is commonly cited as a necessity to optimize infection management, 
mrnimize the emergence of resistant organisms and enhance outcomes. A reduction in the use of vancomycin and promotion of 
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A COMPREHENSIVE COMPARISON OF THE IN JdUXU AND IN VW0 ANTIMICROBIAL 
EFFECTIVENESS OF TRICLOSAN, CHLORHEXIDINE, ALCOHOL/CHLORHEXIDINE, AND f 

POLOXAMER IODINE TOPICAL FORMULATIONS 

H. Jarnpani; PhD**, A. Lee, PhD, J. Newman, PhD (Johnson &r Johnson Medical, Arlington, Texas), and R. 
Jones, RM(AAM) (SRC, Inc., Columbia City, Indiana). 

Background: 

The 1995 APIC Guideline for Handwashing and Hand Antisepsis in Health Care Settings recommended a 
thorough review of effectiveness of topical antimicrobial formulations in order to pair each desired use pattern 
with a suitable product. This task may prove difficult due to the use of a variety of different test methods, test 
organisms, or test conditions. Using consistent test methodology, an extensive comparison of in vitro and in 
viva antimicrobial activity of triclosan, chlorhexidine, alcohol/chlorhexidine, and poloxamer iodine 
formulations provides a tool for selection of products appropriate for healthcare applications. 

Methods: 

The following formulations were examined in standard antimicrobial tests: 1% triclosan (PREVACARE* 
Health Care Personnel Handwash), 4% chlorhexidine gluconate (PREVACARE* S Surgical Scrub 
Antimicrobial Skin Cleanser), 0.5% chlorhexidine gluconate/70% w/w alcohol (PREVACARE* R Germicidal 
Hand Rinse), 0.75% available poloxamer iodine surgical scrub solution, and 1% available poloxamer iodine. 
The formulations were evaluated using standard minimum inhibitory concentration and time-kill tests to assess , 
in vitro spectrums of activity. In vivo methods were utilized to assess immediate, residual and persistent 
antimicrobial activity. 

Minimum Inhibitory Concentration Test (Figure 1): 
1) NCCLS Document M7-A3 “Methods for Dilution Antimicrobial Susceptiiility Test for Bacteria that Grow Aerobically. 
2) Food and Drug Administration (FDA). 1974. OTC Topical Antimicrobial Products and Drug and Cosmetic Products 

Proposed Rules. 39 Federal Register 33 102 - 33 141. September 6, 1974. 
3) Murray, P.R., E.D. Barron, M.A. Pfaller, F.C. Tenover, and R.H. YoIken’(Eds.). 1995. Manual of Clinical Microbiology, 6th 

Edition, ASM Press, Washington, D.C., 1482 pages. 
4) Espinel-@off, A., K. Dawson, M. Pfaller, E. Anaisse, B. Breslin, d. Dixon, A. Fothergill, V. Paetznick, J. Peter, M. Rinaldi, 

and T. Walsh. 1995. Comparison and Collaborative Evaluation of Standardization of Antifungal Susceptibility Testing for 
Filamentous Fungi. Antimicrobial Agents Chemotherapy, 39(2):3 14-3 19. 



Time Kill Test (Figure 2): 
1) American Society of Testing and Materials. 1991. E1054-91 Standard Practices for Evaluating Inactivation of Antimicrobial 

Agents Used in Disinfectant, Sanitizer, Antiseptic, or Preserved Products. Annual Book of ASTM Standards. Vol. 11.04. 
3 1 Food and Drug Administration (FDA). 1974. OTC Topical Antimicrobial Products and Drug and Cosmetic Products 

Proposed Rules. 39 Federal Register 33 102 - 33 14 1. September 6, 1974. 
3) Murray, P.R., E.D. Barron, M.A. Pfaller, F.C. Tenover, and R.H. Yolken (Eds.). 1995. Manual of Clinical Microbiology, 6th 

Edition, ASM Press, Washington, D.C., 1482 pages. 
4) Pujol, I., J. Guarro, C. Llop, L. Soler, and J. Femandez-Ballart. 1996. Comparison study of broth macrodilution and 

microdilution susceptibility tests for the filamentous fungi. Antimicrobial Agents chemotherapy. 40(9):2 106-2 110. 

Health Care Personnel Handwash Test (Figure 3): 
1) American Society of Testing and Materials. 1994. El 174-94 Standard Test Method for Evaluation of Health Care Personnel 

Handwash Formulation. Annual Book of ASTM Standards. Vol.1 1.04, 

Surgical Scrub Test (Figure 4): 
1) American Society of Testing and Materials. 1991. E 1115-g 1 Standard Test Method for Evaluation of Surgical Hand Scrub 

Formulations. Annual Book of ASTM Standards. Vol.1 1.04. 

Discussion: 

0 

0 

0 

I 

0 

0 

Confdusion: 

The results demonstrated the unique in vitro antimicrobial spectrum of the formulations on Gram positive, 
Gram negative, fungi, and yeast. 

The test results demonstrated excellent in vitro bactericidal activity against ATCC and fresh clinical isolates. 

Consistent antimicrobial activity against laboratory strains and clinical isolates. 

Formulations exhibited excellent activity against drug resistant bacteria such as VRE, MRSA, and PRSP. 

The in vivo results illustrated the similarities and differences among the immediate, residual and persistent 
antimicrobial activity of the formulations. 

A comparison of in vitro and in viva data illustrated the inability to correlate any given formulations in vitro 
activity to in vivo activity. 

Using consistent test methodology, the antimicrobial attributes of topical antimicrobial 
formulations may be compared for use as a tool in selection of products for specific applications in 
the healthcare settings; such as, in areas with endemic multiply-resistant bacteria. 



Figure 1: The Minimum Inhibitory Concentration Test (MIC) results for each of the following test formulations reported as the part 
per million (ppm) of the active ingredient: 1% triclosan (PfiVACARE* Health Care Personnel Handwash), 4% chlorhexidine 
gluconate (PREXACARE* S Surgical Scrub Antimicrobial Skin Cleanse&and 0.5% chlorhexidine gluconate/?‘O% alcohol 
(PREVACARE* R Germicidal Hand Rinse). (MIC data not available for 1% available poloxamer iodine). 
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1 4% CHG (4O,ooo$ 

I 
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ATCC 6303 Il.95 ] 9.77 I 9.77 
ATCC 19615 178.13 1 6.51 I 4.88 __ ^^ _ -- I 

~Clinical , 78.13 ,5z.oM 1 I.L.z 
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.._-_ -_-__. ____ --icus I Clinical IO.61 1 2.44 12.44 
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Figure 2: The Time Kill Test results for each of the following test formulations at full strength(*) and at a 50% dilution reported as the percent kill: 1% triclosan 
(PREWACARE* Health Care Personnel Handwash), 4% chlorhexidine gluconate (PREVACARE* S Surgical Scrub Antimicrobial Skin Cleanser), 0.5% chlorhexidine 
gluconate/70% alcohol (PREVACARR* R Germicidal Hand Rinse), and 1% available poloxamer iodine. 

) Microorganism ] Source IPercent Kill (%) 
1 1% T~C~OSSII (lO,OOOppm] 4% CHG (40,OOOppm) [ 0.5% CHG/ 70%Alcohol ($,OOOppm) 1% avail. poloxamer iodine (I 0,OOOppm) 

Figure 2: (Continued). 

1 Microorganism ) Source 
1 1% Triclosan (10,OOOppm) 14% CHG (40,OOOppm) 

) Percent Kill (%) 
10.5% CHG/ 70%Alcohol(5,0~0ppm) 1% avail. Poloxbmer iodine (10,OOOppm) 

hcincfobaaa calcow1iclu 1 Clinical ) >99.99 >99 99 1 299 99 1 s9.99 _ _ I I 



Figure 3: The Health Care Personnel Handwash results for each of the following test formulations reported as the percent kill: 1% 
triclosan (PREXACARE* Health Care Personnel Handwash), 4% chlorhexidine gluconate (PREVACARE* S Surgical Scrub 
Antimicrobial Skin Cleanser), and 0.5% chlorhexidine 

15 Second Wash 

5 

1 4.06 

1% Triclosan 4% CHG 0.5% CHG Hand Rub 

gluconatel70% alcohol (PRSVACARE* R Germicidal Hand Rinse). 

Figure 4: The figure depicts the results of two Surgical Scrub Tests for the following test formulations: 4% chlorhexidine gluconate 
(PREVACARR* S Surgical Scrub Antimicrobial Skin Cleanser), and 0.75% available poloxamer iodine. 
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4% Chlorhexidine 0.75% Poloxamer Iodine 
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PREVACARE* Health Care Personnel Handwash is 
Preferred By Health Care Providers 

OBJECTIVE: 

STUDY DESIGN: 

SUMMARY 

80 

An independent analysis was conducted in eleven US hospitals to assess the response of health care 
workers to PRJZVACARE* Health Care Personnel Handwash as compared to their existing products. 

1) To initiate the study9 207 participants wer& asked to evaluate the attributes of the current skincare product 
2) Current products were replaced with unmarked PREVACARE Health Care Personnel Handwash. 
3) After 7 days of consecutive use, participants were asked to evaluate the attributes of the new product. 
4) Both current and test product assessments were collected and statistically evaluated. 
5) The results are iIlustrated in the following figure. 

PREVACXRE Eea&h Care Personnel Handwash is preferred by healihcare providers for dkpersibiriy 
fragrance, residualfilm, rinseabiIity, foam generation, feel of product during and aper use. 

Comparative Product Performance Rating 
PREVACARE Heath Care Penonnel Handwash 

0 CompetSive Health Care Personnel Handwashes 

I Fragrance 1 Residue 1 Feel During Wash 1 Overall . . - . 
Dispersibility Foaming Rinsability Atter Feel 

Product Attributes 

Typical Physical Properties of 
PREVACARE Health Care Personnel Handwash 

ApPe=ar= ....................................................... Clear, teal liquid 
Odor.. ................................................................ Pleasant fragrance 
Approximate pi-l.. .............................................. .5.5 
WSCOSiQ ........................................................... :VIscous liquid (Approx. 2,500 cps @ 25°C) 
Triclosan Content. ............................................. l.O%w/w 
Antimicrobial Activity ......................................... Broad Spectrum, Fast-acting, Persistent 

“bademark 
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In VTz?o Antimicrobial Testing 
Gram Positive + Gram Negative + Antibiotic-Resistant Bacteria 

Yeast + Fungi + Viruses 

OBJECTIVE: 

TEST DESIGN: 

TEST DESIGN: 

FDA REFERENCE: 

TESTS RESULTS: 

An independent laboratory measured the in vitro antimicrobial activity of PREVACAFE Health Care 
Personnel Handwash against Gram positive, Gram negative, and Antibiotic-resistant bacteria, yeast, fimgi, 
and viruses using a Minimum Inhibitory Concentration test and a Time Kill method. 

Minimum Inhibitory Concentration Test 
Reference: National Committee on Clinical Laboratory Standard M7 Methods for Dilution 

AntimicrobiaI Susceptiiility Tests for Bacteria that Grow Aerobically. 
1) Prepare 15 serial dilutions of PREVACARE Health Care Personnel Handwash (10,000 ppm) for each 
organism. 
2) Challenge each dilution with 1 x lo6 cfir test organism/ml. 
3) Incubate to achieve appropriate growth for each organism. 
4) Observe tubes for turbidity (cloudiness) or growth. The lowest concentration having no turbidity is the 
minimum inhibitory concentration (ME). The results are shown in the following Table. (This testwas not 
conducted on viral cuitures due to the limitations presented by their growth requirements. 

Time Kill Test 
Reference: American Society of Testing and Materials draft Standard Test Method for The 

Assessment of the Rapid Germicidal Activity (Tie-Kill) Activity for Antibacterial Wash 
Products. 

1) Prepare a 50% (12) dilution of PREVACARE Health Care Personnel Handwash. 
2) Challenge diluted handwash with I x 1 OS cm test organism/ml. - 
3) FoIlowing contact times of 15, 30 and 60 seconds, neutralize (stop) the antimicrobial activity”of the 
Handwash through dilution in the appropriate growth media. 
4) Recover and qua&ate the surviving test organisms for each contact time. 
5) Calculate the percent kill for each contact time against each test organism- The results are shown in 
me following Table. 

1 
1 

)A Tentative Final Monograph Tentative Final Monograph for Health-Care Antiseptic Drug Products; 
aposed Rule. June 17,1994. 
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Yeast and Fungal Strains: 

* - Antiiiotic--profile data on tile. 
AXC-American TypcCulhur Collection 

PREVACXRE Health Care Personnel Handwash demonstrafed excellent broad spectrum and fast 
antimicrobial activizy against Gram positive, Gram negative, and antibiotic-resistant bacteria, yeast, 
fungal, and viral pathogens. 

Page4 



In yivo Antimicrobial Testing: 
Health care Personnel Handwash Study 

OBJECTIVE: The in viva antimicrobial activity of PREVACARE Health Care Personnel Handwash was measured 
against an antibiotic-resistant marker organism in two studies by an independent laboratory. The ASTM 
Health Care Personnel Handwash test simulates the removal of transient microorganisms accomplished 
through a handwashing frequency typical of health care providers. PREVACARE Health Care Personnel 
Handwash was designed to assist health care providers reduce the risk of nosocomial infections through 
proper handwashing. 

TEST DESIGN: Health Care Personnel Handwash Test 
Reference: American Society of Testing and Materials El 174 Standard Test Method for Evaluation 

of Health Care Personnel Handwash Formulation. 
1) Human panelists were recruited and randomly assigned to each of the test formulations. 
2) A 30 second cleansing wash is performed to remove dirt and oils. 

. 3) Each subject spreads 5mls of Serratia marcescens (ATCC 14756) over the hands for 45 seconds. 
S. marcescens(ATCC 14756) is resistant to amoxicillin, ampicillin, cefuroxime, cephalothin, 
nitrofurantoin, and tetracycline. 
4) The bacteria is allowed to air dry on the hands for 2 minutes. 
5) The bacterial contamination (Steps 2-4) are repeated eleven times over the S-10 hour study period. 
6) Following the first contamination, a measurement of the total bacterial population (baseline) on each 
panelists hands is taken using the glove-massage technique described below (Steps 9-l 3). 
7) Following the subsequent ten bacteriaI contaminations, each subject washed in a prescribed manner with 
5 ml of the test material and a glove-massage technique was used to measure th esurviving bacteria. 

.. 8) ln Study 1, the wash time was 15 seconds and for Study 2, the time was 30 seconds. 
9) Following a 30 second rinse, the hands were inserted into sterile, powder-free surgical gloves. 
10) 75mls Stripping Solution is added to each glove. 
1 I) The fluid-filled gloves are massaged for 1 minute to recover the surviving bacteria. 
12) The glove fluid is ftn-tber diluted, plated, and incubated in neutrahzing media. 
13) The surviving bacteria are enumerated and log,, reductions are calculated 
14) The results of the study are shown in the following table and figure. 

F’DA REFERENCE: . FDA Tentative Final Monograph Tentative Final Monograph for Health-Care Antiseptic Drug Products; 
Proposed Rule. June 17,1994. 

TEST RESULTS: 

Sindy 
1 

Study 
2 

mrrcesccns 
(ATCC 14756) 
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HeaIth Care Personnel Handwash Study Results 

3 
15  Second Wash  Study 

I Competit ive 1% Ttiosan I 
PRE4ACARE HCPHW 2% CHG Scrub 

(l%Tticlwan) 
0 Wash1 wash 10 

30 Second W&h Study 

PREVACARE HCPHW 
(l%Triclosan) 

SUMIMARY: PREVAC4R.E Health Care Personnel Handwash demonstrates proven antimicrobial activig on  the 
skin in 15  and 30  seconds 

PREVACARE Health Care Personnel Handwash effectively removes transient m icrobial pathogens 
from the hands following single and mu liiple handwashes.  

PREVACARE Health Care Personnel Handwash demonstrated improved antimicrobial effectiveness 
over other I %  Triciosan Scrub formulations. 

PREVACARE He;lth Care Personnel Handwash demonstrated simiIar effectiveness as a  2% 
Chlorhexidine gluconate formulation following a single wash at 15 seconds. 

PREVACARE Health Care Personnel Handwash may be  recommended for health care providers to 
ass&t in the reduction of the hand carriage of potential nosocomialpathogens. 

PREVACARE Health  Care Personnel Handwash 
Proven Safe and M ild  for the Skin 

OBJECTIVE: Four independent studies on  human panelists were conducted to measure the gent leness of PREVACARE 
Health Care Personnel Handwash following repeated applications. 

TEST DESIGN: Primary Irritation Patch Test - This test was conducted on 104 human subjects to measure the irritation potential of the formulation 
following a  48  hour  cont inuous, occlusive exposw 

ModEed Drain Repeat Insult Patch Tat - This test was conducted on  110 human subjects. to assess the sensit ization potu~tial Of the 
fonnuiat ion foXlowingrepeakd applications 

Pbototosicity Patch Test - This test was conducted on  25  hmnao subjects to de&mine the photoiktation potential of the fomwktion 
~~o~gZ4hour~~u~occlasiveexpasuRand15minutesoful t raviolctAoeatmmt 

PbotoaUergy Patch Test - This test was conducted on 23 human subjects to assess the photosensit ization potential of the formulation 
tMowingrepeakdq#kat ions andUltraviolet AandB doses.  

SUMMARY: PWACARE Health Care Personnel Handwash demonstrated no  dermai sensitization and rninbna~ 
irritation typicar of surfactant-based formulations. 

PREVACARE Health Care Personnel Handwash is a  gentle formula which is safe for repeated 
applications. 
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PREVACARE* Antimicrobial Handwtish is 
Preferred By Health Care Providers 

OBJECTIVE: 

STUDY DESIGN: 

SUMMARE 

An independent analysis was conducted in eleven U.S. hospitals to assess the response of health care 
workers to PREZACARE* Antimicrobial Handwash as compared to their existing products. 

1) To initiate the study, 183 participants were asked to evaluate the attributes of the current skincare product. 
2) Current products were replaced with unmarked PREVACARJZ Antimicrobial Handwash. 
3) After 7 days of consecutive use, participants were asked to evaluate the attributes of the new product. 
4) Both current and test product assessments were collected and statistically evaluated. 
5) The results are illustrated in the following figure. 

PREVACARE Antimicrobial Rbndwash is preferred by healthcare providers for 
dispersibility, fragrance, residual film, rinseability, foam generation, feel of product 
during and after use. 

Comparative Product Performance Rating 
PREVACARE Anlimicmbial Hendwash 

0 Leading Anlimicrobial Handwashes 

I Fragrance I ReS&Ie FealDurhg Wash 
DispersibiHy Foaming Rinsabilily- After Feel 

Product Attributes 

Appearance.. ................................................... ..Clear, pale peach 
Odor ............................................................ . ..... Pleasant fragrance 
Approximate PH.. ............................................... 5.5 
Viscosity.. .......................................................... Viscous (Approx. 3,500 cps Q 25°C) 
Triclosan Content.. ............................................ .0.25%w/w 

“‘Ihdemark 
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In Vitro Antimicrobial Testing 

Gram Positive l Gram Negative + 
Antibiotic-Resistant Bacteria 

Yeast + Fungi 

OBJECTIVE: 

An independent laboratory measured the in vitro antimicrobial 
activity of PREVACARE Antimicrobial Handwash against Gram 
positive, Gram negative, and A&biotic-resistant bacteria, yeast, and 
fungi using a Minimum Inhibitory Concentration test. 

TEST DESIGN: 

Minimum Inhibitory Concentpiion Test - 

Reference: National Committee on Clinical Laboratory Standard M7 
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria 
that Grow Aerobically. 

1) Prepare 15 serial dilutions of PREVACARJZ AntimicrobiaI 
Handwash (2500ppm) for each organism. 
2) Challenge each dilution *th 1 x IO6 cfu test organism/ml. 
3) Incubate to achieve appro@riMe growth for each organism. 
4) Observe tubes for turbidity (cloudiness) or growth. The lowest 
concentration having no turbidiiy is the minimum inhibitory 
concentration (ME). The results a& shown in the following Table. 

F’DAREFERENa 

FDA Tentative Final Monograph Tentative Final Monograph for 
Health-Care Antiseptic Drug Productq Proposed Rule. June 17,1994. 

TEST RESULTS: 

Microorganism Source 

Bacterial Strains: 

MC (wm) 
PFEVACARE 
Antimicrobial 
Handw ash 
(2500 ppm) 

(Acinetobacter baurnannii 1 ATCC 19606 1 52.08 

I Acientobacter Iw offi t ATCC 15309 1 78.13 

I Alcaliaenes xvlosoxidans 1 ATCC27061 1 13.02 

I Bacteroides fraailis 1 ATCC 25285 I 2.44 

Burkholderia cepacia ATCC 25416 312.5 

Corynebacterium jeikeium ATCC43734 208.33 

Enterobacter aeroaenes ATCC 13048 1250 

1 hterobacter cloacae I ATCC 13047 t 6.2 

I Enterococcus faecium 1 ATCC 19434 1 312.5 

I Enterococcus faecafi 1 ATCC 29212 1 312.5 

I Enterococcus faecalii I Clinical I 625 

I Enterococcus f aecak 1 ATCC 19433 1 208.33 

I Escherichii coli 1 ATCC11229 1 0.15 

I Escherichii coli (01571 I Ckmical I 1.22 

I Escherichii coli 1 ATCC25922 I 0.31 

I Eschekiihii coli 

~HaemoDhilus infuenzae 1 ATCC 19418 1 0.2 I 

I Klebsidta oxvtoca I ATGC43165 i 0.811 

I Klebsiella cmeurnoniae 1 ATCC 11296 I 0.311 

I Micrococcus luteus 1 ATCC7468 t 1250 1 

I Mcrococcus luteus I Ckiical~ I 1250 ~ -1 

rococcus luteus ATCC 4698 3.26 
I I 

Page 3 



Microorganism Source 

Serratii marcescens 

Staphylococcus aureus 

Staphylococcus aureus 

Staphytococcus epidertidii 

Staphylococcus epidertidis 

Staphylococcus haemotyti ius 

Staphylococcus haemotyticus 

Staphylococcus hominis 

Staphylococcus hoinis 

Staohvkcoccus saoroohvticus 

ATCC 14756 312.5 

ATCC 6538 19.53 

ATCC 29213 1250 

ATCC 12228 833.33 

Clinical 1250 

ATCC 29970 625 

Ckmical 3.26 

ATCC 27844 312.5 

Clinical 3.26 

ATCC 15305 0.31 

Acinetobacter catcoacetiius 

Bacteroides fraoitii 

Ciinical 

Clinical 

0.31 I Trichoderma viride 

0.2 ITrichoohvton aielloi 

Enterobacter cloacae 

6rterococcus faecalis (MDR) 

-I- Enterococcus faecium 

Microorganism 

Yeast and Fungal Strains: 

Candida atbicans 
I 

Candida atbicans 

Candida tropicatii 

Candida tropicalii 

Aspergillus fumigatus 

Aspergitius niger 

Asoernitlus versicolor 

I Blastomvces dermatitidis 

I Eoiiermoohvton floccosum 

I Mcrosoorum audouinii 

I Microswrum canis 

I Peniciltiim roouefortii 

I R~QODUS stotonifer 

I Ciinical I 1250 I 
r-- kterococcus faecium (VREI t ATCC 51559 i 312.5 I 

I- Haemoohitus inftuenzae I CJinical I 3125 I 

* - Antiiiotio-resistaace protile data on file 

Trichophyton tonsurans 
ATCC - Amerkao Tn 

ATCC 10231 6.51 

Clinical 1256 

ATCC 750 1250 

Umical 1250 

ATCC 66638 625 

ATCC 16494 1.22 

ATCC 10072 6.25 

ATCC 14112 1250 

ATCC 52062 0.61 

ATCC 42558 0.81 

ATCC 14055 1.63 

ATCC 10215 1.22 

ATCC 9478 78.13 

ATCC 10110 .. 78.13 

ATCC 14038 4.88 

ATCC 26802 0.81 

ATCC 28454 1.22 

ATCC 26323 2.44 

ATCC 52024 1.63 

ATCC 28942 1.22 
: culture collection 

PREVACARE Antimicrobial Handwash 
demonstrated excelCent broad spectrum 
antimicrobial activity against Gram positive, 
Gram negative, and antibiotic-resistant 
bacteria, yeast, and fungaipathogens. 
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In viva Antimicrobial Testing: 
Health Care Personnel’Handwash Study 

OBJ-ECTIVE: The in vivu antimicrobial activity of PRlXACARE Antimicrobial Handwash was measured against an 
antibiotic-resistant marker organism in two identical studies by an independent laboratory. The ASTM 
Health Care Personnel Handwash test simulates the removal of transient microorganisms accomplished 
through a handwashing frequency typical of health care providers. PREVACARE Antimicrobial Handwash 
was designed to provide an exceptionally mild handwash with broad spectrum antimicrobial activity. 

TEST DESIGN: Health Care Personnel Handwasb Test 
Reference: American Society of Testing and Materials El 174 Standard Test Method for 

Evaluation of Health Care Personnel Handwash Formulation. 
1) Human panelists were recruited and randomly assigned to each of the test formulations. 
2) A 30 second cleansing wash was performed to remove dirt and oils. 
3) Each subject spread 5m.l.s of Serratiu murcescens (ATCC 14756) over the hands for 45 seconds. 
S. marcesceits (ATCC 14756) is resistant to amoxicillin, ampicillin, cefuroxime, cephalothin, 
nitrofbantoin, and tetracycline. 
4) The bacteria was allowed to air dry on the hands for 2 minutes. 
5) The bacterial contamination (Steps 2 -4) are repeated eleven times over the S-10 hour study period. 
6) Following the first contamination, a measurement of the total bacterial population (baseline) on each 
panelists hands is taken using the glove-massage technique described below (Steps 9-13). 
7) Following the subsequent ten bacterial contaminations, each subject washed for 15 seconds in a 
prescribed mannef with 5 ml of the test formulation and a glove-massage technique was used to measure 
the surviving bacteria. 
9) Following i 30 second rinse, the hands were insert&l into sterile, plastic bags. 
10) 75mls Stripping Solution was added to each glove. 
11) The fluid-filled plastic bags were massaged for 1 ‘minute to recover the surviving bacteria. 
12) The massage fluid was further diluted, plated, and incubated in neutralizing media 
13) The surviving. bacteria were enumerated and log,, reductions are calculated 
14) The results of the two studies are shown in the following table and figure. 

FDA REFERENCE: FDA Tentative Final Monograph Tentative F&d Monograph for Health-Care Antiseptic Drug Products; 
Proposed RGie. June 17,1994. . . 

TEST RESULTS 

Study 
1 

Study 
2 

Formulation 

PREVACARE 
Aatimicrobitl 

Etad wask 
(0.25 % T riclora a) 

Clc~mstr A 
(I % Triclosr q ) 

Test Contact Tim4 No. of Log10 Rtdmctions 
0 rganism Cle~nscr Volum’e Sabjttts 

W8Sh. 1 Wash 10 

12 1.94 1.75 

Strra tir 
mrrctsctns lSStt15ml 

(ATCC 14756) 12 1.97 1239 

Cltaastr B 
(0.5% Triclosrn) 

PREVACARE 
Antimicrobial 

Hand wash 
(0.25 % friclosrn) 

Cleanser C 
(1 % T ricloraa) 

Strrrtia 
mnrctsctns 

(ATCC 14756) 

12 2.03 1.75 
15 stc/Sml 

12 1.67 1.50 
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Health Care Personnel Handwash Study Results with 15 Second Wash Time 

Study 1 Study 2 

2.5 , 

Wash 1 
Wash 10 

PRRlACARE CleanerA Clkner B PREVACARE Cleaner C 
Antimicrobial (1 .O% Tridosan) (0.5% Ttidosan) Antimicrobial (1 .O% Tridosan) 

Han&ash Handwash 
(0.25% Tridosan) (0.25% Tridosan) 

SUMMARY: PREVACARE Antimicrobial Handwash demonstrated proven antimicrobial activity on the skin in 15 
seconds. 

PREVACARE Antimicrobial Handwash effectively removed transient microbiaI pathogens from the 
hands following single and multiple handwashes. 

PREVACARE Antimicrobial Handwash demonstrated improved antimicrobial emctiveness over other 
0.5% Triclosan formulations following singie and multiple washes at 15 seconds. 

PREVACARE Antimicrobial Handwash demonstrated similar effectiveness as a 1% Triclosan 
formulation folIowing single and multiple washes at 15 seconds 

PREVACARE Antimi’crobial Handwash 
.- Proven Safe a&Mild for the Skin 
OBJECTIVE: Four independent studies on human pane&s were conducted to measure the gentkness of PREXACARE 

Antimicrobial Handwa& following single’ and repeated applications. 

TEST DESIGN: Primary hxitation Patch Test - This test was conducted on 104 hmnau subjects to measure the irritation pote&al of the Cmmlation 
fdlowiog a48 hour continuous, occkive ~cposure; 

Mod&d Drake Repeat Insdt Patch Test - This test was conducted on 203 human subjects to assess the sektization potential 
of the kamulation fillowing repeated applications. 

Phototoxicity Patch Test - This test was conducted on 10 human subjects to determine the photoirritation potential of the 
fonnulation~~o~g24holaconfirmousocdusive~~and 15minutesofUltravioIetAtwtmcnt 

PhotodIe= F&h Test - This test was conducted on 30 human subjects to assess the photosensitization potential of the 
fomuktion following qeated applications and ultraviolet A and B closes 

SUMMARY: PREVACXRE Antimicrobial Handwash demonstrated minimal irritation typical of surfactant-based 
formuhztions. 

PREKACARE Antimicrobial Handwash is a gentle formula which is safe for repeated applications. 
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PREVACARE* Antimicrobial Hand Gel 

TABLE OF CONTENTS .- - 

Typical Physical Properties of 
pm~ACm* htjmicrobial Hand (&I. 

Antimicrobial Activity.. ___________ Broad m Fast-acting, Pasistcnt 

/ 
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In Vitro Antimicrobial Testing 
Gram Positive 8 Gram Negative X Antibiotic-Resistant Bacteria 
Spore-fd;rming Bacteria 8% Foodborne Pathogens SC Mycobacteria 

Yeast &g Fungi X Viruses 

TDESIGN: TnnelzinTest 
Refcrcoa:. A - f.hckty of Testing and MattriaIs dmft Standard Test Method for The 

Asesmed of the Rapid Gmkidai Activity (Tknc-KiiI) Activiy for Am&c&al 
WshFVOdXtS. 

l)ChallcngePREVACARE’~~bialHandGclwithlxIdcfnMorgimismlmlThis~in 
99D/o(v/v)amamaknofd.tckmdgeL Formycobackamains,dutiocnhmltvdrangcdfkm1xlO-’ 
to1x1oLcfutc!it b - ’ L 
2)FoUo~cimmcttimcsof‘ “~tes&g,15,3Omd6Osamds,ncunkemqncnchantimi~b~ 
a&viIyof&ckodgcItbrou$ldikuicQiJl~~~mdia 
3)RuoveraDd~tbe swiviagworgardmnforcach~timc. 
4)caial?atethepeKxntkillfor~ amautimcagainstcachtestorgmism Thenxdtsareshowninthe 
foUo=%qjTahIe. 

F-DA ma: FDA TcntaGe Final Monogqh Tamrive Final Monognph for Heal&Can AdCpiCDIUgprodncts; 
propaudti. Jmlc 17.1994. 

TESTREsuLlSr 

ATazl~ 1 993998 I 9!x?o= ’ OQ- ’ +JQQ98 9275 t 

Alvwcde ATCC15309 1 - 1 99.9 98 391 
‘- .’ ATcc27061 1 999999 I 99 18.750 

,-A&T IATccl4579I - I ! 99 I x44 



‘1- 
mo 
3- 

---. 
391 

_--. .- -- 
‘7947 1 9L. -- , 

___-- _ ml - 99.9944 1 9-.. 
1 ATCC 14468 1 993887 1 99.s-. , 

a-*,---- ----- ! ATCC35818 1 1 99.9355 1 99.9355 f _ .----- , 4 
h- 

.AS i&d&d in ctac US. Public HUHI Dcppmmc’s Top Ten Foodbax Arhogrm didt inchrdc c7mpyl*w. - cdi 0ln:Hi. Lisuria 
auras. shigdklm vii yy1Rjficys. Y.?Jenia u&uceh 

spic-fcming~ -.-~.mdo -I- peryspm 

3 .- 



I L-t 
Yczlcea twl (%) 

I I t 
I IF 

~-- ----- __. 
3tc 15s 1 30s f 60s I cm~PPm) 

iii I aillid I 999)99 I999999 99.9999 I 99.9999 46117 
999 999999 1 999999 18,750 

99.9999 1 993999 l--i&? -7- 

, ~2999 -.293 
I 999999 ss6 

) w 
8 Is;rso 

999999 9375 aur+asS(MDR) 1 Climid 1 999999 1 999999 99.9999 99.9999 1 
375oo 

- I aimid I 99.9999 I999999 993999 999999 ~poo 
993998 993998 391 

993999 3.125 
w9 s6 
m991 I.172 
m99t I.172 
&99( I.l72 
6981 1344 

I 

, -9936 t 7% ._ 
1, t ATcc42sss - t 999706 t 99.9706 3.-- 

1 ATcc14oss - 1 999981 1 999981 993981 Gsoo 
-------r-- =ntcYe- t ATcc10215 - 99396-l 1993967 999967 4m 
---- I .-l-r-Pu,g , -.I--* 999999 I l&750 

- . I AlTxtotl LOI - 9 
1 0 

I - t 

_-- - 
~f%,rmx TypcA, AT’CCV?SS44 - t 99 

.-.-iType 37 ATCC VR-1147 - 1 99. 
mime AI-CC VR-2018 - I 999 I 4 

in+: 
PTypel ATCCVR-733 1 - 1 993-l 99.98 1 9938 1 
crTvae2 ATCCV&734 t - t 9997 - 99.98 99.98 

univ.1 - 1 993 999 99.9 
'99 t 99994 99.997 
994 I 99.99 99397 

b9 99.9 
)ll t 90.0 90.0 f 

ATCC-AnericrmTypeC~Cdkcrim 
- 

SUMMARY: PREVACARE* Atrzikr obial Hand Gel dem~n~~attd a&lent broad spectrum and 
fast antim.icrobial aai&y against Gram posiiivq Gram rxegahq a~~tibioti&resktant, 
and spore-forming bacmia, fmdbome bacterial padmgens, nrycob~ yeaq 
finga& and viralputhogens 

‘Tladem.ark 4 



OBJECTM2: 

TESTDESIGN: 

In Vivu Antim icrobial Testing: 
Health Care Personnel Handwash (Rub) 

FDA’REFEREN(IE: FDA Tauativc Final Monogmpb T- Fii Monograph for ti- AlltkpicDrngProdllcrs; 
Pmposcdw hmc17,1994. 

TESTRESULTS: 

c0maaTi.i No. of Log,0 - 
FORId& Gd volume subje ’ Wi?Shl wash IO 

PRl3AW sunlja 
AlnimimmHandGei untilDly/5.oml 11 2.97 2.74 

(60% ethyl akohl) d 



Health Care Personnel Handwash (Rub) Test Resnlts 

PREVACARE* Antimicrobial Hand Gel 
Demonstrated Safe and Mild for the Skin 

SUMMARY: PBEVAGQRE’Antkkrob~HandGel~fonndm Ienbiug, lwn-sell-g, non-phot~, 
ad n0n-p~ 

PREVACARl? Admirrobinl Hand Gel was not a p- skin - did not indvce tz&rgic cont~ 
dernxhk, axd was non-toric by oral ingembn. 

’ TIdCKild 
6 
-. 



In yivo Antimicrobial Testing: 
Surgical Scrub Test 

FDA RE-a: FDA Tentative Final Monograph Tcnmtive Final Monograph for HcaW-Cm Axhcptic Drug 
P+ys; ,Pzcqmed Sk hmr 17.1994. 

. 

TESTRESULTS: 

It-ademuk 



Surgical Scrub Test Results 

I 
otmmediate R3 hollls l 6hom-s 

Gram Positive 3C Gram Negative X Yeast X Fungi 

OBJBXTVE 

TEST DESIGN: 

-lk in v&o amimiaobial prcsavrtmcactmityofthefonrmlationwas~aagaimtGram 
positive, Gram xlcprive, and arltibac--rrsistant baacrfa,Ycasf~frmgi. 

united states pttamaqk Prcsu-mfh Efiicacy Test 
Rcfacncc United States -copcia. 1997. Microbiological Tess: ~tiu&ob~ 
PrrscrvatinsEffeaivc hLhitcdS~.tcs~opeia23,chaptcr~51>~ pp- 1681. 

S-Y: PREVACMUF Antimicrobial Hand Gel is t@ikti~e-@ preserved against Gram 
positive Gram negafive, and anzibiotic-rM bucteria, yeast, and fin@ 
s-zrk 



In yivo Antimicrobial Testing: 
Cup Scrub Test 

OBJECTIVE: 

TEST DESIGN: 

An indcpcndenc laboratory measure d the pcnktcn~ in viva bactericidal activity of PREVACA~* 
~~ic&iai Hand Gel against Sf~$$ococ~~ rmreu~ inoculated onto the skia of 48 ~UIIIZI 
s&j,- in two clinical studies. The ASTh4 Cup Scrub Test measures immediate and persistent 
bac&ci& activity of topical formulations agti normal skin flora or marker rest orp’&ms. 

Cup Scrub Test 
Reference: AIXP&CZUX Society of Tesrfng and Ma~eriaf~ El874 Standard TC~I lM&od for 

The Evaluation of Antibanrrial Washes By Cup Scrub Technique. 

TEST RESULTS: 

1) Human subjm were recruited and randomiy assigned within each of tie studies: 
2) FoIlowing p-on of the forearms. the subjects applied 25 ml PREVACA&? 
~&&r&id Hand Gel over the surface of one forearm f+!Jm wrist to elbow using even pressure. 
ne o&x forearm served as the untreated contrtL 
3) Fellowing air drying, Stnp~iococw cmreus (ATCC 65:s) was inocuiated at 1,;. 4, or 5 hours 
after app(icz&n of the gel onto the forearm at three delineated test sites. For Study I, 
approximately 1 x 10‘ cfix was evdy applied to each ten: site. For Study 2, approtiateiy 1 x 10~ 
ch was applied to each test site. 
4) ne inoculated sites were immed&~Iy occiuded for 20 minutes. 
5) FolIowing occlusion, the suktig bacteria were recovered corn the test and control sites &ng 
ghss cups or cylinders pressed tirmiy ~&XX each site. 
6) The surviving bacteria were enumerated and log,, rcductiocs wert calcuiatect 
7) The resumes ofthe study are shown in the following table Bnd 6~. 

PREFVAC4RE’ 
Antimicxobiaf Hand Gel 

(60% c&y1 aicohot) 

1 Hour 3 Hours 4 Hours 5 Hours 

PREVACARE’ Antimicrobial Hand Get 

PREVACXRE* Antimicrobial Hand Gel 
denwrtstrafed persisienf bactericidal activity 
of ,-eater than I tog (90%) reduction against 
Staphylococcus aureus on the skin for up to I 
hour (Shtcjr I and 21, 

PREZACARE* Antimicrobial Hand Gel ~LTJJ 
be recommended for heaith care providers to 
as&t in the reduction of hand can-fage of 
potential nosocomia.ipathogens. 
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I. yiyu Antimicrobial Testing: 
Agar Patch Test 

OBJECTIVE: An independent laboratory measured the skin substarttivity and residual bacteriostatic activity of 
PREVACARE’ Amixnicrobiai Hand Gel aeginst S~U~~~ZOCOCCUS cnueus inoculated onto rhe skii 
of 48 human subjects. The ASTM Agar Parch Ten measures immediate and persistent 
baaeriostatic ativity of topical formulations against marker test oqanisms applied to the skin on 
agar plates. 

TESf DESIGN: Agar Patch Test 
Reference: ~uxrkan Sociery of Testing and Materials E 1882 Standard Test Method for 

The Evaluation of Antiiacurial Washes By Xgar Patch Technique. 
I) i+m~an subjects were recruited and mndom@ ass&d within each study. 
2) Foiiowiug preparation of the forearms, the subjects applied 2-S ml PREVACARE* 
h&&robiaJ Hand Gel over the surface of one forearm from wrisr to eibow using even pressure. 
The dtber forearm served as the unfrcated COtlUOt 
3) Agar plates iuoculaud with ZOO-500 cfu Srq~irylococcur mew (ATCC 6535) were arfached to 
*he subjects’ forearms in triplicate at 1.3.4, or 5 horns after gl application. The plates remained 
on the arm apprnximeiy 30 minutes. 
4) The mving baczxria were enumerated and percent inhibition i?om the untreated control was 
eakuiated 
5) The results oftbe smdy are shown iu the following tabie and figure. 

HandGel 
(60% ethyl alcohol) 

. 
.Agar Patch Test Results 

l TrJdemsrk 

1 Hour 3 Hoon 4 Hours 5 Hours 

PREVACARE’ Antimicrobial Hand Gel 

10 

PREKACXRE* Antimicrobial Hand Gel 
denuvtstraied perszktent bacieriostatic 
acfivity against StaphyLococcus aureus on 
the skin for up to 4 hours. 



I. Viva Antimicrobial Testing: 
Agar Patch Wash Off Test 

Noftirue wat!efRinse riowash soapmtter 
W--JO K--w - 

pUEVACARE-Afdi-H=IdGd 

11 

SUMMARY: 

P-LFVAC-A R Ff . ----- F_g&&m&~ H&W9 

Gel dimonstr~ immediate and 

resi&al antinti.crobiol activiq against 
Shzphylbwccus aureru on the skin 
foewing riming with water. 

PREVACARE‘, Antinticrobiai Had 
Gel demqnstr~ that residual 
bauerkmmic actkity is not removed by 
water rinsing but may be rtdily 
removed with soap and water wash 
when desired 



PREVACARE* htimicrobial Hand Gel 
Moistun~ed Skin After Single Application 

-L-EST DESIGN: 

T RESULTS: 

250 

Skin Moisturization Study 

OD?ysldn BNomd Skin SUMMARY: 
N 
z F A &I&? appwn of 

PREVACAU? Antiinkobia 
Hand Gej was @dive in 
5?gnim* mobfmizing nonnai 
d&y*imni~dup 

tOIhOUrafterLtppk?kZtb~ 

PREVAURE* Antimicrobial 
HaudGelmo&turidskina~a 
singIt? applicaht. 

!j-lorrtins 15-2fhnins 3%35fnins45-~6065minS 

Time 

*Trademark 



PREVACARE* Antimicrobial Hand Gel 
Demonstrated Non-drying After Repeated __. 

Application 

OBJEtID-mE: 

l--ES-DESIGN: 

Skin Moisturi2ation Study 
6iiDfySkin ONofmalSkin 

t 

n.1’ 
253 

For norm& and dry sRin, PREVACXRE* 
AmbiaZ Hmrd Gel demonshtai non- 
diying w&b immediate skin moisturiration 

fo~g sing& and repeaied rprplicationnr 

The peren increase in moisturization was 
. . stomstrcany s-&Ii*: ai 5 lltbues among 

normal as well as dry skin popuiation 

vrit 1 visit2 
Time 

13 



In Viva htimicrobial Testing: 
Antiviral Finger-pad Test 

TESTDESIGN: 

JFESTRESULTS: 
rest No. of Gel contact Log,o- Log*0 

FfJXldSi- 3rain slbjeas vohmne Tii virdtaidimge kdUCtiOlJ 

PREVACARE’ 
~mbiaI&ndGl R“ . 12 l.Oml 2osa 4.94 =t 

(6o%ahyl-Jl (PaTent Red0eti0lle!mm) 

t-sElisIical!y~~ 

Antiviral Fingerpad Test Results 

r z d 
SUMMARY: 

PREKAGiRE* Antikcrobiai Hand Gd has beat 
&monsuaasi~ais&i~~therainc&nof~ehtznd 
cakage of lUina* the wmmon w&i virta 

vi1 cihamge vaal- 

PREVACARI? Antimicrobial Hartd Gel 
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PREVACARE* Antimicrobial Hand Gel 
Demonstrated Compatible with Latex Gloves 

AnmaIysisofthcpilysiralinttgrityof~glo~wasco~to lrGun?e glove tear 
r’sismme and tensile SUUI& following 6 LOUIS Of direa contact with--Pm-AcARE+ 

ihnimkmbial Hand Gel 

htex Glove Tensile SW Test 
Refcrme: -can Society of Testing and Mmrials. 1992 Stzndard Test Met&j 

mlz-92 Vni- Rnbba and -IImmop- Rubbers and -l-kmqkstic 
m-rcmion 

Treatment Effects on Glove Tear Resistanas 
PiQwlt*RF 
&.’ .. ‘-II 

-Gd wne DI- Ywm - 

11 .” I” 
1"" I 

I I I I 1 l-4 

-199 IHH 

freatment Effecfs on Giove iensiii a%rengih 
n3AcNoT 
.-’ _ -.I 

mw Llr PIha -w CcbDhcD 

1) Scctiaus of 15 Johusm & Johson Me&al 
M3cRoToucEl* Pomia-ed Latex se 
Gloveswaetm-iwiththetcstf~~~ . _ umdmmcdfor6homsat33o”C. 

2) using an ~omatcd illmmaq the tear 
luislawaxKlt5Isikstxulgthoftkcglovcswcre 
dai2ooc. ThctQrxesistmccis~fm~ 
pcrunitglovC~~t0tear&e~x 
glove. TllcuIKilemengthktht~l 
tUKikSiICSSneededtD~thegIoVCUUtilti 

-- 

3)Tkrcstlltswcrrstalisticany-darc 
shown in the following figures. 

SUMMARY: 

PREVAC4R.F AntinticrobiaZHand Gel 
does not a&r, the physid integrity of 
later gbves for 6 hours. 

PREVAGIREf Antimicrobial Hand Gel 
has been demonstrafed to be wqmtibie 
for use wifh la&x giuves 
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The Relationship Between Upper Respiratory 
Infections and Hospital Admissions* for 
Asthma: A Time-trend Analysis 
SEBASTIAN L. JOHNSTON, PHILIP K. PATTEMORE, GWENDOLYN SANDERSON, SANDRA SMITH, 

s$fz 
7 CA 
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We have shown that viruses are associated with 80 to 85% of asthma exacerbations in school-aqe chil- 
dren in the community. We hypothesize that viral infections are also associated with severe attacks 
of asthma precipitating hospital admissions. To investigate this, we conducted a time-trend analysis, 
comparing the seasonal patterns of respiratory infections and hospital admissions for asthma in a+rlt.s 
and children. During a I-yr study in the Southampton area of the United Kingdom, 10s school-age 
children monitored upper and lower respiratory symptomsand took peak expiratory flow rate (PEFR) 
recordings. From children reporting a symptomatic episode or a decrease in PEFR, samples were taken 
for detection of viruses and atypical bacteria. A total of 232 respiratory viruses and four atypical bacte- 
ria were detected. The half-monthly rates of upper respiratory infection were compared with the half- 
monthly rates for hospital admissions for asthma (international Classification of Diseases [ICD] code 
493) for the same time period for the hospitals serving the areas from which the cohort of schoolchil- 
dren was drawn. The relationships of upper respiratory infections and hospital admissions for asthma 
with school attendance were studied. Strong correlations were found between the seasonal patterns 
of upper respiratory infections and hospital admissions for asthma (r = 0.72; p < 0.0001). This relation- 
ship was stronger for pediatric (r = 0.68; p < 0.0001) than for adult admissions (r = 0.53; p < 0.01). 
Upper respiratory infections and admissions for asthma were more frequent during periods of school 
attendance (87% of pediatric and 84% of total admissions), than during school holiday periods (p < 
0.001). These relationships remained significant when allowance was made for Linear trend and sea- 
sonal variation using multiple regression analysis (p < 0.01). Not surprisingly, school attendance, be- 
cause it is a major factor in respiratory virus transmission, was found to be a major confounding vari- 
able in children. This study demonstrates that upper respiratory viral infections are strongly assotiated ’ 
in time with hospital admissions for asthma in children and adults. Rhinoviruses were the major patho- 
gen implicated, and the majority of viral infections and asthma admissions occurred during school 
attendance. Johnston Sl+ Pattemore PK, Sanderson G, Smith S, Campbell MJ, Josephs LK, Cunning- 
ham A, Robinson BS, Myint Slj, Ward ME, Tyrrell DAJ, Holgate ST. The relationship between. 
upper respiratory infections and hospital admisrions.for asthma: a time-trend analysis. 

AM I RESPIR GRIT CARE MED 1996;154:654-40. 
. 

Asthma is a major cause of hospital admissions at all ages (I, 
2). and accounts for around 2,000 deaths in the United King- 
dom (UK) each year (3). There has been a substantial increase 
in asthma admission rates in both the UK (4) and the United 
States (5) over the past three decades. Previous hospital admis- 
sions for asthma are known to be the major risk factor for asthma 
mortality (6). Identification of the major cause and seasonal pat- 
tern of such admissions would have important implications in 

kerwd in origrnol lorm December 14, 7 994 and in retired form December 2 1, 
‘9 

wrrespondence and requests for reprints should be addressed to Dr. 5. L. 
Johnston, University Medicine, Level D, Centre Block, Southampton General 
Hospatal, Tremona Road, Southampton SO1 6 6YD, UK. 

Am f Respir Crit Care Med Vol 154. pp 654-660, 1996 

targeting future treatment strategies for asthma. Despite numer- 
ous previous studies on the subject, the epidemiologic evidence 
for an association between viral infections and asthma exacer- 
bations is controversial: the weighted average viral detection rates 
in previous studies of exacerbations of asthma in children are 
24Vo for incidental studies and 31.9% for prospective studies, 
whereas that in the three adult studies of asthma exacerbation 
is only 13.3% (7). Storr and Lenney cite indirect evidence of a 
role for virus infections, arguing that the peaks of pediatric hos- 
pital admissions for asthma that they observed at the start of 
each new school term suggested triggering of asthma by viruses 
that had been acquired during vacations and rapidly spread in 
school populations (8). 

In many previous epidemiologic studies of,viml infections and 
exacerbations of asthma, virus detection rates have been low, 
owing to methodologic problems in detecting and identifying 
respiratory viruses (9, IO), particularly rhinoviruses and coro- 



- 
Johnston, Pattemore, Sanderson, et al.: Viral infections and Asthma Admissions 

naviruses, which are thought to account for approximately two- 
thirds of common colds (II). We have recently developed poly- 
rnerase chain reaction (PCR) assays for rhinoviruses (12), human 
coronaviruses (13) and Chlumydiapneumoniae (14). Using these 
assays in combination with comprehensive standard virologic tech- 
niques, we have recently reported that viral upper respiratory in- 
fections are associated with 80 to 85% of asthma exacerbations 
in children in the community (15). However, many of the children 
in this recent study were not diagnosed as asthmatic, and none 
of the episodes studied was of sufficient severity to lead to a hospi- 
tal admission. Another study, in adults, has found similar results 
jn adult asthmatic subjects in the community, although theviral 
detection rate was considerably lower (44% of exacerbations), 
possibly as a result of less intensive surveillance of the subjects, 
less comprehensive viral detection methods, and the use of nasal 
and throat swabs instead of nasal aspirate samples (16). Thus, 
although there is now good evidence of an important role for 
viral infections in asthma exacerbations in the community, the 
role of upper respiratory infections in severe asthma leading to 
hospital admissions remains unknown. 

The children taking part in our previous study (15) form a 
sentinel cohort in which the prevalence of detected upper respi- 
ratory infection is likely to accurately reflect the prevalence in 
the community at that time. In order to examine the relationship 
between upper respiratory infections and severe attacks of asthma 
leading to hospital admission, we performed a time-trend anal- 
ysis, comparing the seasonal trends for upper respiratory infec- 
tions in the cohort of children studied and hospital admissions 
for asthma over the same time period in the hospitals serving 
the area from which the cohort of children was drawn. We also 
examined the relationship between school attendance and upper 
respiratory infection and hospital admission rates. 

METHODS 

Subjects 

In a longitudinal study of the role of viral infections in children with 
respiratory symptoms. 114 children aged 9 to II yr (62 male and 52 fe- 
male), who lived in the Southampton area of the UK and who had 
reported wheezing and/or persistent cough in response to a postal ques- 
tionnaire, recorded daily upper and lower respiratory symptoms and twice 
daily peak expiratoty flow rates (PEFR) for 1 yr (IS). This study lasted 
from April 3, 1989 to May 7, 1990. Children recorded daily upper and 
lower respiratory tract symptoms and morning and evening PEFR. In 
the event of an episode of respiratory symptoms or a decrease in PEFR, 
the child was visited at home so that nasal aspirate and serum speci- 
mens could be obtained for virologic testing. Details of the selection 
of the cohort and of the surveillance methods have been published (15). 

Vital Detection 

i Viruses were detected through cell culture with Ohio HeLa, Clone 16. 
MDCK. LLC-MK,, and HEp2 cell lines; immunofluorescence assays 
for respiratory syncytial (RS) virus, influenza type A, parainflucnza types 
I through 3 and adenovirus. Enzyme linked immunosorbent assay 
(ELISA) was used for the same viruses and for coronaviruses 229E and 
OC43, and polymerase chain reaction (PCR) was used for picornaviruses 
(rhinovirus and enterovirus) and coronavirus. Full details of the methods 
used have been published (12, 13. 15). 

Detection of Atypical Bacteria 

.- 

I 
c 

Testing for Nyco&rsmopneumoniae (MP) was done with a solid-phase 
revetseELlSA for thedetection of IgM antibodies to MP in serum (lnc- 
star, Wokingham, UK). The assay was done according to the manufac- 
turer’s instructions, and positive specimens were confirmed by repeat 
testing. Chlumydia pneumoniae (CP) was detected with a single-stage 
PCR using species-specific primers selected from the CP major outer 
membrane protein gene and flanking sequences (14). Appropriate con- 
trols were included in each rnn, and positive samples were confirmed 
by repeat resting with a sample taken from a different stored aliquot 
from the original positive sample. 

Asthma Admission Data 
Details concerning the dates of admission for all asthma admissions (In- 
ternational Classification of Diseases [ICD) code 493) to the hospitals 
in the Wessex Regional Health Authority (WRHA, one of 14 Health 
Regions in England) and the Southampton District Health Authority 
(SDHA, one of nine Health Districts in the.WRHA) between April 1, 
1989 and March 30, 1990 were obtained from the WRHA Information 
Directorate Total numbers of asthma admissions for all ages, and asthma 
admissions for pediatric (< 20 yr of age) and adult (2 20.yr of age) age 
groups were obtained, and the numbers of admissions calculated for 
each half month (1st to 15th days, and 16th day to end of month) for 
the SDHA and WRHA for each age group. Population data for the 
SDHA and WRHA were obtained as the midyear estimates for 1989 
from the UK Office of Population Censuses and Surveys. The interval 
of half-months was chosen as the optimum time frame to allow time 
trends to be discerned; however, for the analyses on school holidays, 
weekly intervals were used, since some holiday periods were only 1 wk 
in length. 

Virus and Atypical Bacteria Detection Data 
The number of symptomatic episodes reported by the cohort of school- 
children from the Southampton area in whi.ch a proven upper respita- 
tory viral or atypical bacterial infection occurred was calculated for each 
half month for the same time period as for.asthma admissions. These 
data represent the seasonal pattern in the number of episodes of infec- 
tion occurring in the cohort of schoolchildren. Because 17 of the epi-- 
sodes involved two or more infecting organisms (15). the total number 
of viral or atypical bacterial pathogens detected in the cohort pet half- 
month was also calculated, so as to represent the total load of respira- 
tory infections occurring in the community at that time. 

School tiolidays 
The dates of the school holiday periods for the period from April 1, 
1989 to March 30.1990 were obtained from the UK Department of Edu- 
cation Dates were adjusted to include the adjacent (following) weekend, 
in order to derive weekly rates of episodes of infection, in the cohort 
of schoolchildren and similar weekJy rates for asthma admissions (to- 
tal, pediatric, and adult) for both the SDHA and the WRHA. 

Statistical Analysis 
Statistical analyses were done with the Minitab statisti’cal package (Mini- 
tab Inc., State College, PA) and also, where indicated, by SPSS (SPSS 
Trends 6.1; SPSS Inc. Chicago. IL). Correlation analyses were done for 
the total number of asthma admissions for the region, and were then 
subdivided intopediatricand adult agegroups. The dependent variable 
was the number of asthma admissions (total, pediatric, or adult) in each 
half-month or weekly time period, and the independent variable was 
the number of proven upper respiratory infections occurring in the co- 
hort of children in the same time period, or the week/half-month periods 
immediately before or after it. In these analysei, episodes in which inul- 
tiple infections were detected were treated as a single episode in order 
to reflect the number of episodes of infecTion detected in the cohort of 
schoolchildren. Similar analyses were done with the total number of 
pathogens per half-month as the independent variable. to reflect theto- 
tal community load of upper respiratory infections. An important as- 
sumption governing the validity of the tests of significance is the inde- 
pendence of the residuals. This was tested using a Box-Pierce test, and 
in no case were the residuals found to be significantly correlated. 

The relationships between school holiday periods and both upper 
respiratory infections and asthma admissions were examined by com- 
paring the weekly rates of episodes of infection or asthma admissions 
in school term time and in holiday-periods, using the chi-squared test. 

Analysis for confounding variables was done through regression anal- 
yses with correlated errors (SPSS Trends 6.1; SPSS Inc, Chicago. 1.L). 
The confounders fitted were: (I) a linear trend, to allow for increases 
in both series; (2) a dummy variable, which took a value of I for a 
school holiday and of 0 otherwise; and (3) curves of COS (wt) and 
Sin (wt), where w is 2x/52 and t is time in weeks, to allow for seasonal’ \ 
varialion. 

RESULTS 

For the period for which the corresponding asthma admission 
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TABLE 1 

POPULATION AND ASTHMA ADMISSION DATA 
FOR THE YEAR APRIL 1989 TO MARCH 1990 FOR 

THE WESSEX REGIONAL HEALTH AUTHORITY (WRHA) AND 
SOUTHAMPTON DISTRICT HEALTH AUTHORITY (SDHA) 

WRHA SOHA 

Total Pediamc Adult Total Pediatric Adull 

Population 2,934,461 742,764 2,191,697 421,944 106,433 315.491 
Asthma admissions 4,038 2,232 1,805 590 315 275 

Admissions/l,000 

data were collected (April 1. 1989 to March 30, 1990), there were 
279 reported symptomatic episodes. From these, a total of 232 
respiratory virus, three CP, and one MP detections were made 
during 221 (78.5%) proven upper respiratory infections. The me- 
dian weekly number of episodes of infection was 4 (interquartile 
range [IQR) = 2 to 5). Full details of the types of viruses and 
descriptions of the asthma exacerbations associated have been 
reported elsewhere (15). The populations in the WRHA and the 
SDHA, and the numbers of admissions in each age group dur- 
ing the same period, are shown in Table 1. The median (IQR) 
number of asthma admissions per week among subjects under 
20 yi of age for the SDHA and WRHA, respectively, were 5 (3 
to 8.75) and 35 (29.25 to 50.5). and for subjects 20 yr of age and 
over were 5 (3 to 6.75) and 32 (25.5 to 40). 

Strong correlations were found between the half-monthly rates 
of episodes of upper respiratory infection in the Southampton 
cohort of schoolchildren and the half-monthly rates for hospital 
admissions for asthmafor both the W RHA and the SDHA (Fig- 
ure I). Similarly strong correlations were found when the asthma 
admissions were analyzed for the pediatric age group alone, and 
the correlations were still significant, although less strong, when 
asthma admissions were analyzed for the adult age group alone 
(Figure 1). 

Similar but stronger c&relations were found when the data 
were analyzed for the total number of infecting pathogens, to 
reflect the total community load of infections at that time. The 
correlations for the WRHA and the SDHA, respectively, were 
r = 0.72, p < 0.0001 and r = 0.64, p < 0.001 for total asthma 
admissions; r = 0.68, p < 0.0001 and r = 0.58, p < 0.005 for 
pediatric asthma admissions; and r = 0.53, p < 0.01 and r = 
0.44, p < 0.05 for adult asthma admissions. 

The seasonal patterns in the half-monthly rates of both total 
numbers of upper respiratory infecting organisms and of asthma 
admissions showedlarge fluctuations, with four identifiable peaks 
occurring in April, September/October, November/December, 
and January/February (Figure 2). There were clear relationships 
between the peaks of both respiratory infections and asthma ad- 
missions in all age groups for both the WRHA and the SDHA 
and the start of a new school term/half-term, although the rela- 
tionship was clearly stronger for pediatric than for adult asthma 
admissions (Table 2). 

The peaks occurred from 2 to 4 wk after the start of each 
new school term/half-term, with troughs occurring during school 
holiday periods (Figure 2). The numbers of asthma admissions 
occurring in the WRHA during school term-time were 3,384 (84% 
of the total for the year) for the total population, 1,943 (87%) 
for the pediatric population, and 1,441 (80%) for the adult popu- 
lation (p < 0.001). 

A regression analysis allowing for the confounding variables 
of linear trend, seasonal variation, and school holiday periods 
and a correlated error confirmed these results. The unadjusted 
analysis showed a significant association between asthma admis- 
sions and respiratory infections. This relationship remained when 

i 

Figure I. Correlations between numbers per half-month over the year 
April 1989 lo March 1990 of episodes of upper respiratory tract in- 
fection in the cohortof Southampton schoolchildren and total, pedi- 
atric, and adult hospital admissions for asthlha in the Southampton 
District Health Authority and Wessex Regional Health Authority. 

allowing for the confounding variables, except for children in 
Southampton (probabty a result of the low numbers in this 
group). However, in the case of pediatric admissions, the infec- 
tion parameter alone was not significant when the confounding 
effect of school attendance was omitted (Table 3). 

The highest rates of asthma admissions were recorded during 
the 4-wk period spanning the last 2 wk of November and the 
first 2 wk of December. For the pediatric age group, there were 
279 asthma admissions in those 4 wk (4.9/I$OO/yr), and for the 
adult age group, there were 227 asthma admissions (1.3/1,ooO/yr). 
The total numbe; of asthma admissions during that month WAS 
506 (2.24/1,0OO/yr). The November/December peak occurred 
during a nationwide influenza epidemic (17), and the principal 
virus types det’ected during this peak were influenza virus, 
coronaviruses, and rhinoviruses (Figure 3). The peaks of April, 
September/October, and January/February were accounted for 
principally by rhinoviral infections. with RS virus, coronavirus, 
and parainfluenza viruses making minor contributions (Figure 3). 

DISCUSSION l 

In this study, we have demonstrated that proven upper respira- 
tory infections in a sentinel cohort of schoolchildren follow a 
seasonal pattern highly correlated with the seasonal pattern Of 
hospital admissions for asthma in the district and region from 
which the cohort was drawn. These correlations were most strong 
for pediatric asthma admissions, but remained significant when 
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Figure 2. Relationship to school holidays (shoded boxes) and seasonal variations in numbers per half-month 
of episodes of upper respiratory tract infection (A; bold box) and total, pediatric, and adult hospital admis- 
sions for asthma for the Wessex Regional Health Authority (WRHA) (B-D), and Southampton District Health 
Authority (SDHA) (E-G) for the year April 1989 to March 1990. 

adult asthma admissions alone wereconsidered. In each case the 
correlations were strengthened by analyzing the asthma admis- 
sions in conjunction with the total numbers of infecting organ- 

P isms detected (to reflect the total community load of upper re- 
spiratory infection at that time). 

We also observed a very close relationship between the peaks 
of both respiratory infections and asthma admissions and the 
start of a new school term or half-term, with the vast majority 
of respiratory infections and asthma admissions occurring dur- 
ing school term time, Regression analysis showed that this was 
not due to seasonal confounding, and established school atten- 
dance as the major factor determining pediatric admissions but 

_\ 
TABLE 2 

RELATIONSHIPS BETWEEN SCHOOL TERMS AND HOLIDAY 
PERIODS AND THE NUMBERS PER WEEK OF UPPER RESPIRATORY 

INFECTIONS AND ASTHMA ADMISSIONS IN THE YEAR APRIL 1989 
TO MARCH 1990 FOR THE WESSEX REGIONAL HEALTH 

AUTHORIN (WRHA) AND SOLITHAMPTON DISTRICT 
HEALTH AUlHORlTY (SDHA) 

School Holiday School Term Chi squared 
Periods Time p Value 

- 

Upper respiratory organisms, n/wk 2.27 4.78 0.008 
Asthma admissions, n/wk 

WRHA 
Pedtatric 25 5 47.4 < 0.001 
Adult 30.6 35.1 0.2 

A SDHA 
Pediatric 2.7 6.9 < 0.001 
Adult 4.6 3.2 0.6 

, 

- 

not adult admissions. Rhinoviruses were the major type of \iiru! 
identified (15), and were associated with all, of the four peak: 
identified for viral infection or asthma admissions. Influenza vi 
rus was important in one of the peaks, and coronavirus, RS vi 
rus, and parainfluenza viruses were present in smaller number 
in the remaining three peaks. 

The respiratory infections detected in the cohort during th 
year in which the study was done (April 1989 to March 1990: 
and which were used fot analysis in the study, were 98.3% vir: 
and 1.7% atypical bacterial, suggesting that the respiratory virus6 
were by far the most important factor in any correlations ider 
tified. 

We were unable to allow for other possible confounding vat 
ables, such as temperature, humidity, and allergen exposure, sin 
concurrent data for these parameters was not available to us. Ter 
perature and humidity are also known to be important facto 
(although much less important than school attendance) in t’ 
transmission of some respirator? viral infections, and also in f 
levels of airborne allergens such as pollens, fungal spores, al 
house dust mite levels in the home. These factors may therefc 
be associated with asthma admissions, both through thdr effo 
on viral transmission and indirectly. In England, the peak S( 
sons for pollen exposures are February through May for tl 
pollens and early May to the end of July for grasses, when 
for fungal spores the peak season is June through Septeml 
(20). House’ dust mite exposure in the home peaks in July a 
August, although high levels have also been reported throt 
November (21). Increases in asthma admissions in early Julv yr 
seen for both the SDHA and WRHA and in both age li 
whereas virus infections did not increase appreciably (Fib ;i 
and there were major increases in both admissions and viral 
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Figure 3. Seasonal variation in numbers of infecting upper respiratory tract organisms per half-month de- 
tected in the Southampton cohort of children in the year April 1989 to March 1990. Individual orgamsms 
are identified as shown: RV is rhinovirus, Cor is coronaviruses 229E and OC43, PF is parainfluenza viruses 
types 1 through 3, Flu A is Influenza type A, and RSV is respiratory syncytial virus. 

fections in September. It is quite possible that the July peak in 
admissions is related to housedust mite and/or pollen exposure, 
Tnd that both fungal spores and house dust mites contribute 10 

>e September peak in addition to the effect of viruses There 
- have been very few studies that have accurately and systemati- 

cally examined the influence of weather or allergen exposures 
on asthma symptoms; two recent reports on asthma admissions, 
and on asthma symptoms and peak flow recordings, failed to 

find any relationship with airborne allergens, although in each 
study temperature was found to have a weak effect (22, 23). In 
neither study were the effects of viral infections investigated. 

The seasonal patterns of asthma admissions that we observed 
for all ages during a single year in the WRHA were virtually iden- 
tical to those previously reported by Starr and Penney for the 
II-yearly average of pediatric asthma admissions in the Brighton 
area (8), and to previously reported UK childhood data (24,25). 

TABLE 3 

ESTIMATES BY REGRESSION ANALYSIS OF THE EFFECT OF CHANGE IN THE 
NUMBER OF UPPER RESPIRATORY INFECTIONS FROM ZSTH TO 7STH GENTILE ON THE NUMBERS 

PER WEEK OF ASTHMA ADMISSIONS IN THE YEAR APRIL 1989 TO MARCH 1990 FOR THE 
WESSEX REGIONAL HEALTH AUTHORITY (WRHA) AND SOUTHAMPTON DISTRICT HEALTH 

AUTHORITY (SDHA), IN PEDIATRIC (< 20 YR) AND ADULT (>- 20 YR) AGE GROUPS 
.-- 

Coefficient Elk@’ I p Value 
-.--- 

Unadjusted 
WRHA 

Pediatric 
Adult 

SDHA 
Pediatric 
Adull 

Adjusted for lmear trend. seasonality, and school holidays 
WRHA 

Pedialric 
Adult 

SDHA 
Pediatric 
Adult 

TWRHA 
Pediatric 

tSDHA 
Pediatric 

-___ 

* Coellicien~ x inlerquartile range 01 episode, of inleclion. 
t School attendance parameter omitted. 

2.650 3.84 0.001 
1.639 3.47 0001 

0.336 2.18 0.034 
0.305 2.72 d.009 

3.210 9.63 3.24 0.002 
1.340 4.02 2.87 0.006 

0.250 0.75 1.60 0.120 
0.234 0.70 2.13 0.039 

1.244 3.73 1.70 0.096 

0 049 0.15 0.30 0.770 
_--_- ----- __ 
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~~ reported by Storr and Lenney, we also observed clear pat- 
terns in the rates of asthma admissions and school holiday 
periods, with peaks occurring early in each school term or half- 
lerm and troughs in each school holiday (8) The observation 
ofan identical pattern for respiratory infection rates in the pres- 
ent study lends support td the hypothesis formulated by Storr 
and Lenney, that viral respiratory infections were likely to be as- 
sociated with asthma admissions. The correlations observed in 
the present study between asthma admission rates and viral in- 
fection rates confirm thisto be true, not only for pediatric asthma 
admissions, but also for adult asthma admissions. A possible 
criticism of this study is the potential for false-positive virologic 
detection results with PCR. However, extensive precautions were 
taken to avoid contaminatjon (12-14); the majority of the PCR- 
positive samples were confirmed as positive by another method, 
either ELISA or tissue culture (12-15); and the rates of asymp- 
tomatic infection and numbers of episodes involving detection 
of two or more organisms (15) make false-positive viral detec- 
tions unlikely. 

These data, along with our previously reported findings that 
viral infections are associated with 80 to 85% of exacerbations 
of asthma in children in the community (15), indicate that upper 
respiratory viral inf&ztions play a pivotal role in triggering asthma 

‘exacerbations of all grades of severity and in all age groups, in- 
cluding attacks leading to hospital admissions. Furthermore, be- 
cause hospital admissions for asthma are the most important risk 
factor for asthma mortality (6). it is possible that upper respira- 
tory viral infections contribute significantly lo asthma mortality. 

The most frequently identified virus type were rhinoviruses, 
which were important in each of the four peaks of viral infec- 
tion and asthma admissions identified in the study. The recent 
identification of the major group rhinovirus receptor as inter- 
cellular adhesion molecule-l (ICAM-1) (26) has improved the 
prospects for developing effective antirhinoviral therapy, includ- 
ing monoclonal antibodies to ICAM- (27-29) and solubilized 
1CAM-I to block the receptor binding sites on .the virus (30). 

In the current absence of effective antiviral medication (31), 
the influence of antiasthmatic medication in virus-induced ex- 
acerbations of asthma requires further study. Glucocorticoids 
are of proven benefit in treating acute attacks of asthma in adults 
(32-35) and chiIdren (35-37). The effect of prophylactic gluco- 
corticoid therapy in preventing severe asthma exacerbations 
precipitated by proven upper respiratory infection should now 
be studied. The data presented in this study suggest that particu- 
larly in children, any intervention would achieve most of its ef- 
fect if employed in the first few weeks following a return to school. 

In conclusion, this study has provided evidence that upper 
respiratory viral infections are strongly associated in time with 
exacerbations of asthma leading to hospital admission, in both 
adults and children. Rhinovirus is the most important virus type 
implicated, and the majority of upper respiratory viral infections 
and asthma admissions occur during periods of school atten- 
dance. 
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Abstract 

Evidence indicates an increase in nosocomial and household infections due to viruses (Jeffties, D.J., 1995. Viral 
hazards to and from health care workers. J. Hosp. Infect. 30, 140-M). An aativital assay was developed for 
evaluating eficicncy of handsoaps’ at iaactivatin, 0 cell-fret and cell-associated virus- A recombinant vac&nia virus, 
Iackibg a virulence factor (Isaacs, S.N., Kotwal, GJ., MOSS, B., 1992. Vacciaia virus complement-control protein 
prevents antibody-dependent complement-enhanced neutralization of infectivity and contributeS to virulenct. Proc. 
Natl. Acad. Sci. USA 89, 62%632), whose construction was descried earlier (Kotwal, G.J., Isaac-s, S.N., NlcKenzie, 
R., Frank, MM., Moss, B., 1990. Inhibition of the complement camde by the major secretory protein of vaccinia 
virus. Science 250, 827-W), wa3 used as the repn%entative poxdts. TWO antibacterial handsoaps, one surgical 
handsoap, one moisturizing handsoap, and a sanitizing agent were tested. An aIiquot of the virus was mixed aod 
incubated with soap, thea titrated onto BSC-1 cells for incubation at 37°C fox 48 h. The soaps’ effect on 
cell-associated virus was tested simiiartly. Tbt antibacterial soaps inactivated all cell-free virus in 1 min. Tbe sur@cal 
soap was effective tith a 5-min incubation. None of the soaps eliminated all of the cell-associated virus in 1 min. This 
safe and reproducible assay &ms ‘efficient to establish the compamtive efficacy of household and sqical soaps. 
Q 2QOO Elsevier Science B.V. AU rights reserved. 

- 

Kt-ywordr: Handwashing; SuqiCat hand’disinfection: Antiviral t&n& Vkcinia virus 

R-uses are a leadig cause ‘of i.&ectious dis- 
eases originating from aosocomial and household 
infections. Handwashing is the most effective 

means of stopping the spread of nosocomial infec- 
tion (Marc& 1993). In general, antibacterial haad- 
soaps are 0Aen employed for thii task. 
Gmsequently, it was decided to compare the rela- 

* Codesponding au&w. Tel.: -I- l-502-8525359; fax! + 1- 
502-8527351. 

E-mail &ess: gjkotwO1&wise.louisville.cdu (GJ. Kot- 
m9 

tire antipox~kd effectiveness of these household 
products 

Although experimentation to test antiviral ef- 
fects with household products such as Lysol has 

01663542/00/E - see from matter Q 2000 Elsevier science B.V. AI rights remd. 
PIX: $0166-3542(00)00067-X 
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been conducted, LysoI is a disinfectant spray, DOt 

a handsoap (Ward et al., 1991). x11 a study using 
bovine rotavirus, it seems the most efSicient 
method fox removing the virus from finger tips 
was alcoholic solutions versus tbe much less e&c- 
tive soap and water and disinfectant detergents; 
however, a comparison of antibacterial ha&soaps 
was not established @eIla.my et al., 1993). In an 
melated study, alcohol products tested in the 
presence of blood resulted in significantly greater 
reductions in numbers of colony-forming units 
than both a detergent containing 4% chlorhexi- 
dine ghxconate (the active ingredient in the surgi- 
cal soap tested, Hibiclens@‘) and a 
non-antimicrobial soap; yet this study did not 
contain information concerning viruses (Larson 
and Bobo, 1992). &oboIic soap-free hand 
cleansers have recently been made available to the 
general public, but bandsoaps are more widely 
used in practice, Thus, those &&duals that con- 
sciously make the effort to use an antibacterial 
hanclsoap to combat ‘germs’ neglect the possibif- 
ity that these ha&soaps may offer no.protecrion 
Ul daily encounters with viruses. 

Poxviruses are once again &ning cfinica1 h-n- 
portance due to their inclusion in the -list of 
biotenorism {e.g. small pox), as emerging viruses 
(e.g. monkey pox) and’as opportunistic agents in 
AIDS (molluscum contagiosum). A recombinant 
vaccinia virus., vSIGR3, .whose origin was de- 
scribed previously (Kotwal et al., 1990), was used 
as the infectious agent because this virus is safe to 
work wirh in the laboratory and is stable at room 
temperature, and therefore is a potential represen- 
tative poxvirus for handsoap testing. Vaccjnia is 
also ideal since it is a plaque-forming virus, which 
Enables a rapid enumeration of viral titers. 

Preliminary research with a 5-min incubation of 
1 x 1tY’ virus particles/ml of vSIGK3 and undi- 
luted soap solution demonstrated that Dial@ An- 
tibacterial (Dial Corpomtion, Phoen$ AZ, 
USA), SoftSoap* Antibacterial (SSA; Colgate- 
Palmolive Company, New York, NY, USA), and 
a surgical soap, Hibiclens@ (Zeneca Pharmaceuti- 
cals, W~mingt~n, DE, USA), effectively elimL 
nated the virus- The active ingredient in Dia$ and 
SSA is triclosan. Roccal II@  10% (Roccai) (Na- 
tional Laboratories Lehn & Fink Industrial Prod- 

ucts Division of Sterile Drug Inc., Toledo, OR, 
USA), a sanitizing agent/germicide-algicide and 
deodorizer, was used as a comparison. Roazd’s 
active ingredients are 12% Octylphenoxy- 
polyethoxyethanol~ 20% Alkyldimethyibenzylam- 
monimn chloride. These results suggested that all 
soaps were efficient at eliminating the infectivity 
of input virus in 5 m in (data not shown). ‘The 
rationale for choosing 1 x 10’ particles/ml was 
that viruses such BS hepatitis B may be present in 
titers of around IO8 per m l of body fluid. Most 
other viwes do not exceed lo6 particles per m l in 
body fluids (Lanphear, 1994). 

In practice, very few people routinely wash 
their hands for 5 m in. We therefore decided to 
test shorter reaction periods of IS, 30, and 60 s to 
estimate not only the effectiveness of the average 
person’s handwashing (which could be shorter 
than the actual reaction periods), but also to 
determine the handsoaps’ range of effectiveness. 
In addition, the handsoaps were diluted to a 
simulated working dilution of I:20 with sterile 
water. Hiiiclens* was not diluted since it is not 
diluted in normal use as a surgkd soap. Another 
handsoap, SoftSoap@ Moisturizing (SSM; Col- 
gate-Palmolive Company, New York, NY, 
USA), was added to the study in order to observe 
the dif&ence between it and SSA, and also be- 
cause it functions as a negative control since it has 
no antimicrobial active &&bent. 

The handsoaps prere also tested using virus 
in&ted cells to determine their effects on cell-as- 
sociated virus, simulating infectious blood or pus, 
since numerous viruses undoubtedly maintain 
tbair infkctioum~s on moist surfaces (wilding, 
1994). Soaps working efficiently ixl this manner 
would be an invaluable safety precaution in hospi- 
tals, daycams, schools, and homes, where body 
fluid-borne viruses are common. Studies havr 
shorn that blood EIIX&E in some areas of un- 
gloved de&al workers’ hands, particularly subun-. 
gual spaces, for at least 5 days - eve0 WitI, 
he&washing (Allen and Organ, 1982). Whether 
or not the remaining blood retains infectioti; 
properties after handwasag would be of impor- 
tance to determioe. 

Ptis of six-well tissue culture plates (XMcon, 
Franklin Lakes, NJ, USA) containing confluent 
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monolayers of BSC-i cells grown at 37°C were 
divided up into three, four-well sections. Section I. 
received onIy virus, Section 2 received virus and 
handsoap, and Section 3 received only handsoap. 
Virus dilutions were added to a complete minimal 
essential medium (CMEM; Gibco BRL, Gaithes- 
burg, MD, USA) containing 2.5% fetal bovine 
serum (FBS; Harlan, Indianapolis, IN, USA) with 
1% penicillin, streptomycin, and fungizone. 

All wells in Sections 1-3 had a total of 1 ml 
CMEM added, with virus and/or soap additions. 
For the initial dilution of 10m3 Section 1 I fl 
vSIGK3 vaccinia virus (virus) was added to the I 
ml medium. This aliquot was then diluted to the 
10-6, 10-7, and 10 - *. For use in Sections 2 and 
3, the soaps first had to be brought to their 
average handwashing dilutions. The working dilu- 
tion for the handsoaps was one part handsoap to 
20 parts sterile water; HibicleDs” was not diluted 
since it is not diluted in normal use; Roccal was 
diluted for general disinfecting (one part cleaner 
to 1250 parts sterile water) as per manufact~rer’s 
instructions. Ten microliters of virus was added to 
10 ~1 of any given handsoag solution, then incu- 
bated at room temperature for either 15,3O, or 60 
s. YlXe reaction period, or the amount of time that 
the virus alone is in contact with the working 
dilution of the given soap, ended when the mix- 
ture was added to the CMEM. For Section 2, the 
initial dilution of lo- 2 was made by adding 20 d 
virus + bandsoap solution to 1 ml CMEM. This 
aliquot was then diluted down to IOm3, 10m4, and 
IO-‘. For the initial dilution of 10V2 of Section 
3, 10 pl of the working dilution of a soap was 
added to 1 ml CMEM. This WBS then diluted 
down to 10-3, 10-q and .1O-3. 

In order to determine the titer of cell-associated 
vims, an additional plate of BSC-1 cells was 
grown at 37”C, but then infected at a multiplidty 
of 10 and harvested after 48 h, as described before 
(Joklik, 1962). lYhe infected, scraped cells were 
centrifuged at 12 500 x g. This pellet was SUS- 
pended in 100 @ working dilution of the soap for 
a 60-s reaction period. Of this pellet + handsoap 
solution, 200 ~1 was added to 2 ml CMEM on the 
cmfhent monolayer to make the ir$tial 10m2 
dilution. This was then diluted down to 10-3, 
10d4, and IO -5. All plates, infiied with either 

c&free virus and cell-associated virus, were incu- 
bated at 37°C for 48 b, stained with crystal violet, 
and rinsed with water. Both sections of the ezper- 
iment were conducted using Dial’, SSA, SSM, 
Hibiclerx?‘, and Roccal. 

To determine the number of surviving viral 
particles in the cd!-free and intracellular viral 
solutions, the plaques from one well, visible after 
staining, were cmnted and then multiplied by the 
dilution factor. Plaque counts for Section 1 in the 
60-s cell-free testing &&&xi that a consistent 
amount of tis w8.s present in all trials, the 
average number of plaques was 1 .S x 10 - * per 
ml. None of the handsoap dilutions tlswj ad- 
versely affecred the cellular monolayer in the ab- 
sence of virus. The raw data for cell-free and 
.&Lasso&ted virus ~8s illustrated graphically 
(Fig. 1). Only the antibacterial ?oaps (Dial@ and 
SSA) inactivated the cell-free virus in a 60-s reac- 
tion period, No significant inactivation was noted 
with the cell-associated vixns in 60 s. 

There was no greater than 2% difference be- 
tween the titers obtained .at different times with 
8tly given soap samples, suggesting a highly re- 
producibIe outcome when the protocol was 
strictly folIowed. It also suggested that there w8s 
no need foi- statistical analysis as long as the 
mtire set of experimcnt~ was repeated at least 
twice. If the control virus used with a known titer 
did not come within f 2% of the expected titer, 
the experiment was repeated until the control 
virus was wit& f 2%. 

There have been no systematic studies reported 
on the antivir8l effects of handsoaps using a hu- 
mm virus. Ti#s study, however, presents an e&c- 
tive assay, which may be used for further 
investigations; It should be emphasized that vat- 
cinia cannot directly be compared to other viruses 
because it is extremely stable to both physical and 
chemical agents. Few other viruses can survive 
0.5% phenol ‘for 2-3 days. Therefore while vao- 
cinia is a representative poxvirus, it is not a 
representative virus. 

It is possible to further study the soaps and 
their reaction with vxcinia. More significantly, it 
is crucial to determine what needs to be done to 
make the soaps more &ective, such as manufac- 
turers altering the active ingredients or individuals 
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modif$rig their hygiene habits to allow for an ing (Pereira et al., 1997). Further research 
adequate reaction period. In addition. it must be using this assay could also include alcohol-based 
questioned as to why Hibiclens@, the surgical hand cleansers, which are currently on the mar- 
scrub, was Iess effective than the antibacterial ket. 
handsoaps, Dial@ and SSA. It may re.suIt from a Many infetions occur due to unknown and 
diRereace in active ingredients: VW’ and SSA unexplained causes-prime examples are HCV in- 
share the active ingredient ticlosan, whereas Hi- fection, which currently infects 3.5 million people 
bicIens’% active ingredient is chlorhexidiae glu- io the United States alone (Neiblum and Boynton, 
conare. Perhaps the reduced efficacy of the 1996). and the common cold. The common cold’s 
surgical scrub’s active ingredient is the reason why modes of transmission and level of communicabil- 
alcohol-based antiseptics, which appear to ity are difficult to pinpoint (Jaaltkola and 
be a successfui. ahemative in surgery Preparation Heinonen, 1995) for all strains and progress to- 
to detergent-based antiseptics, are being W- wards effective cold treatment in the past century 
searched for use with shorter duration handwash- has been scarce (Hildimg, 1994). 

Effecb of Soaps m Cell-Free Virus 

Effects of SoaDs on In2racellulaP Virus 

Fg. 1. a: Effects of soaps on c&-free vim. The graph indicates th& 8s the xeactioa period increases, the number of .stMving viral 
partides is rcdno?d exponentially. At 60 s, all viral pafticb were 3nactivnted by Dialm and 22%. b: E.fk=cs of soaps on intrac~&~ 
virus The graph imiicates that the rectcdon period was not mfkkllr for any of the soaps to either eliminate or reduce tbc number 
of SuTyivi viral particles. Note: the viral particle count for SSA and Roux@ was approximWJ. 
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Some researchers believe studies on a practical 
and effxcient means to influence behavior in order 
to increase comphance with hand hygiene guideli- 
nes are needed more than elaborart? and sophisti- 
cated studies on the effects of handwashing 
(Nystrom, 1994). 
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Summary: A model system which would cloeely reflect the resistance of 
poliovirus but could be easily performed in any microbiology laboratory 
would offer considerable edvanteges for rapidly screening hand decontamina- 
tion products. The UBC of the bactcriophagc MS2 BR a ~implt model for 
virucidal testing has been evaluated. In suspension tests the senaitivity of 
,362 to alcohols, organic acida and alkalin gentrally reflected that obeerved in 
studies using poliovirus. MS2 could be applied and recovered from the hands 
of voluntcern with high efficiency. Furthermore MS2 proved to be a suiteble 
rcpleccmcnt for &cherichia eofi in a Btandard hsnd-decontamination test. 
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A. Epidemiology of extended 

The growing awareness of viruses in the environment and the identification 
of potential infection risks has .resulted in the demand that disinfectants 
used for hard surfaces, instruments and hand hygiene should have adequate 
virucidal activity. Agreement has yet to be reached on a standard European 
suspension test for the virucidal activity of disinfectants but both the 
German (DVV’) and l?re&h (AFNOR’) methods include the 
non-enveloped poliovirus among their test strains because it is resistant to 
chemical inactivation. No standard virucidal hand disinfection test exists. A 
wide range of commonly used bactericidal hand disinfectants including 
60% isopropanol have been shown to have very meagre activity against 
non-enveloped viruses. ‘-’ Hence, there is an urgent need to develop 
formulations, particularly for hand disinfection, which have both virucidal 
and bactericidal activity. 

Hand disinfection tests are currently performed using a live bacterial 
culture (usually Escherichia colt’) which ia applied to the skin of volunteers. 
The bacteria surviving a standard washing or disinfection procedure are 
recovered and because of the variability between individuals’ skin 
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properties nnd their washing techniques (even when a strictly defined 
method is used), panels of ten or more persons have to be used to obtain 
meaningful resuIts.7b Some handwashing ttiaIs with viruses applied to the 
skin have been reported but these have been confined to very small (1-3) 
numbers of volunteers.‘~6~9 

Virus tests are technically more difficult and more time consuming than 
those using bacteria or fungi and can only be carfied out in laboratories with 
the necessary facilities. To assess the efficacy of virus-inactivating 
disinfectants, a tissue culture method is used to determine residual 
infectivity. The cytotoxicity of some producta is such that it is not possible 
to demonstrate the required reduction in virus titre. The AFNOR protocol2 
advises physical separation of the virus, as an alternative to dilution, to try 
to minimize this problem. This complicates the procedure and adds to the 
time required to complete a test, Unfortunately, suspension tests appear to 
be a poor Ruide to the activity of disinfectants on the skin.3 

Products will always have to be tested against standard viruses such as 
poliovirus and rotavirus. Nevertheless, it would be highly advantageous to 
have a rapid test procedure using a non-mammalian, non-infective agent 
when comparing hand disinfectants under realistic in-use conditions. In 
this report, the use of the bacterial virus (bacteriophage) MS2 is considered. 
This non-pathogenic virus can be easily propagated in any microbiology 
laboratoty and the virus suspension can be stored refrigerated for many 
months without loss of infectivity. Surviving infectious particles are eaily 
counted on lawns of a sensitive strain of E. coli. 

Methods 

Bacteriophage propagation 
MS2 (obtained from M. A. Linggood) was grown to high titres on E. coli 
H73FT+. An exponentially growing culture of E. coli in nutrient broth 
(Oxoid) was divided into 20 ml aliquote and inoculated with 1 ml phage 
stock. After 16 hours incubation at 37’C, remaining cells and cell debris 
were removed by centrifugation at 10 000 g for 15 min. The supernnrant 
containing the phage was filtered and the filtrate stored at <4”C. Prior to 
use, phage suspensions were allowed to equilibrate to room temperature. 

Bacteriophage the 
Infectious particles were counted by using a soft agar overlay technique, 
Molten, soft (0.7%) nutrient agar was dispensed in 2.0 ml aliquots in glass 
bottleK and held at 44°C. Phage-containing solutiona were suitably diluted 
in 0.2% peptone water at 20°C and 011 ml added, together with 0.2 inl 
overnight culture of E. cc& H73FT’ to the molten agar. The contents were 
gently mixed and poured over the surface of a nutrient agar plate. Plaques 

VilllCiC 
-, 

were countable after 24 hours{ 
; plaque forming units ml-’ (pfi - 

Cell culture and medium 
Vero cell line (Africar. monkey 
were used in the production 
propagated aa monol:tyers at 
(Northumbria Biologicala Ltl 
containing 10% foe&I calf se: 
penicillin and 100 pg ml-’ strr 
same medium except that it co 

Preparation of poliovbus zusper 
The medium above confluent 
poliovirus type 1 (Mahoney st: 
inoculated into the flr:sks. Vin 
after which the inocr.lum was 1 
Flasks were incubated at 3: 
observed. Virus was harvest6 
followed by centrifugation for 
supernatant containic g the vir 

Poliovirus titre 
Confluent monolayers of Vep 
plates in a 5% carbon dioxide 
virus were made in maintenar 
added to five replicate wella. 
which was incubated at 37°C i: 
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were countable after 24 hours incubation at 37°C and results expressed as 
plaque forming unit6 ml-’ (pfu ml-‘). 

Cell culture and medium 
Vero cell line (African monkey kidney) purchased from Flow Laboratories 
were used in the production of poliovirur suspensions. The cells were 
propagated as monolayers at 37°C in 750 ml plastic tissue culture flasks 
(Northumbria Biologicala Ltd) using Medium 199 with Earle’B salts 
containing 10% foetal calf serum (FCS), 2rn~ glutamine, 100 TU ml-’ 
penicillin and 100 fig ml” streptomycin, Cultures were maintained on the 
aame medium except that it contained 2% FCS. 

, 

Preparation of poliovirus suspensions 
The medium above confluent monolayers of Vero cells was removed and 
poliovirus type 1 (Mahoney strain) obtained from NATEC, Hamburg was 
inoculated into the flasks. Virus was allowed to absorb for 1 hour at 37”C, 
after which the inoculum was removed and maintenance medium added, 
Flasks were incubated at 37°C until 90-100% cytopathic effect wa8 
observed. Virus wag harvested by two cycles of freezing and thawing 
followed by centrifugation for 15 min at 4°C to pellet the cell debris. The 
supernatant containing the virus was stored in aliquots at -70°C. 

Poliovirus titre 
Confluent monolayera of Vero cells were cultured in 96-well microtitre 
plates in a 5% carbon dioxide-95% air atmosphere. Ten-fold dilutiona of 
virus were made in maintenance medium and 100~1 of each dilution wete 
added to five replicate wells. Cell control8 were included on each plate 
which was incubated at 37-C in a CO, incubatot and observed daily for up 
to 7 days for cytopathic effect. The virus titre was calculated using the 
Karber formula.” 

Disinfection suspension tests with MS2 and poliovirus type I 
Suspension tests with poliovirus and MS2 were performed according to the 
DVV recommendations.’ Typically, I ml phage and 1 ml water or protein 
soil agent was added to 8 ml disinfectant solution. After the desired contact 
time at 2O”C, 0-I ml suspension was diluted in 9.9 ml 0.1% peptone water ot 
quenching agent (containing 1 g peptone, 5 g Tween 80, 1 g sodium 
thiosulphate and 0.7 g lecithin per litre deionized water) and the remaining 
active phage counted using the soft agar overlay method. The poliovirus 
shspension tests were carried out in a similar way. After approptiate contact 
times, an initial IOO-fold dilution was msde into ice-cold maintenance 
medium. Subsequent lo-fold dilutions were made to 1 Oe9 and cell cultures 
inoculated as described above. 

-.-. I ._. 
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Handwashing ttid 

A standard method for the assessment of hand disinfection was followed7 
except that each finger pad was inoculated with 20 ~1 MS2 (E. 6 x 10’ pfu 
ml-‘). The handwashing products tested in this study (alcohol and 
non-medicated soap) were neutralized by dilution and it,was not necessary 
to use a separate inactivator. 

The ability to recover phage from the fingers W~CJ assessed by applying 
MS2 in 20+1 drops to each finger and thumb on both handa of E volunteer. 
Opposing fingers were rubbed together for 40 s and air dried for SO s. All 10 
digits were then sampled by rubbing them gently for 1 min in a large petri 
dish containing c. 50 glass beads and 100 ml nutrient broth. The broth waB 
then serially diluted and samples assayed using the soft agar oveilay 
method. 

Results 

Sensitivity of MS2 to alcohols and alkaline alcohols 
In suspension tests, MS2 was relatively insensitive to a variety of alcohols 
during short contact time8 (2 min). Ethanol (70% v/v) was marginally more 
effective than isopropanol, whilst n-propanol was inactive (Table I). 
Ethanol at 50% produced only a 24% (mean of four determinations) 
reduction in pfus. The addition of low levels of sodium hydroxide greatly 
increased the phage inactivation. Sodium hydroxide alone was also an 
effective virucide at higher concentrations. These results reflect very closely 
data obtained using poliovirua (Table I), 

Both poliovirus and MS2 were inactivated by aldehydes. Formaldehyde 

VlrUC 
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Table I. Inuctiuation of AJS2 ondpofio~i~~~ virus (type I Mahoney 
rrram) by alcohols and alcohol+ sodium hydroxide 

Test composition Log reduction after 2 xmnutes 
----- 

MS2 Polioviroe 1 
_______-__----- 
70% Ethanol o-70 0.60 
70% ho-propanol 0.41 
70% n-Pmpanol 0.00 Ei 
50% Ethanol o-13 0.10 

5 m M  NaOH o-34 t-t*20 
20 m M  NaOH >5 > 4.6 
50 rnY NeOH >5 > 4~6 

50% Ethanol + 5 m M  N&H >5 >4*6 
50% Ethanol + 20 mM NaOH >5 24-6 

4% Formaldehyde 

ND, Not done. 

>5 >3-1 

Subject Conrrol Sonp/wawI 

- : a.70 7-71 6.51 7-23 

: a.34 7:65 6.35 6.01 
i 7.36 &71 6-28 6.43 

7 8.30 6.54 
i 8.11 6.20 

&90 
10 8.68 E 

MennLR 
SD 
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(4% w/v) reduced the titre of MS2 by >4 logs in 30s whereas 1% 
formaldehyde required 2 min to achieve the same inactivation. 

Evaluation of MS2 for hand disinfection tests 
In a preliminary experiment it was found that MS2 phage could be easily 
applied and recovered from the fingers. When 20 ~1 drops of bacteriophage 
stock (titre 5.6 X IO9 pfu ml-‘) were applied to each finger and thumb (as 
desctibed in methods), the recovery WC38 1.4 X lo9 per pair of hands. A hand 
disinfection procedure was then followed in which, after application of 
MS2, 3 ml 80% ethanol or 3 ml 50% ethanol (adjusted to pH 1 l-5) wag 
rubbed into the hands for 30 s. Hands were sampled after air drying for a 
futther 80 s. This procedure testa the ability of alcohols to inactivate phage 
in situ, i.e. there is no removal of phage by washing or rinsing. The mean log 
counts from three volunteers were control, 8.4 pfu hands-‘; 80% ethanol, 
7-0, and 50% alkaline ethanol, 6.6. 

In practice, hands will more often be washed with soap before 
disinfection or a combined washing and disinfection agent employed, To 
determine the contribution of rinsing on viral removal from the skin, a trial 
with a larger test panel was undertaken using the method described by 
Ayliffe and colleagues.’ The numbers of phage particles recovered from the 
hands in each of the three treatments (control, washing with non-medicated 
soap and water, and disinfection with nlkaline alcohol followed by rinsing) 
indicated an acceptable low level of variability within each treatment group, 
and that significant differences could be demonstrated between the three 
treatments. The log reductions in active phage observed with the alkaline 
ethanol and soap and water were 2.1 and I-64 respectively. It should also be 
noted that neither procedure was particularly effective at 
inactivating/removing the phage. 
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E:: 
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Table II. Log pfi of MS2 rmvwed from hana3 in a handwashing test 

Subject Control Soap/wotet LR* 
-... - 

: 8-78 7.71 7.23 6.51 1.20 l*SS 

: 8.34 7.65 6.35 6.01 1.99 1.64 
. 
; 8.71 7.36 6.28 6.43 0 2.43 93 

7 8.30 6.54 1.76 
SB 8.11 8.90 6.20 7-04 1.86 1.91 

IO 8.68 7.54 1.14 

Mem LR 1.64 
SD io.43 

* LR- Log reduction (control VI treatment). 

50% Alkaline ethanol 
--- _ 

6% 
5.90 
S-99 
5-32 
6-27 562 

6.23 
S-77 6.07 

6.89 

LR’ 

Z-25 
141 
2.35 
2.33 
1#74 

4:: 
2.34 
2.83 
1.79 

Z-10 
fO-38 

a. -* . - - _ . . 
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Macussion 

The bacteriophage MS2 can be used in any disinfectant test which currently 
employs bacteria, with very little additional effect, Results are obtained 
within 24 hours. The validity of using bacteriophages aa a model for 
mammalian viruses depends on their sensitivity to disinfectants relative to 
more resistant mammalian viruses such aa poliovirus and coxaackie viruses, 
We have shown that MS2, in common with other viruses,“1’ is more 
resistant to alcohola than are bacteria and, in contrast to bacteria, the 
bacteriophage is more sensitive to inactivation by ethanol than by 
iso/n-propanol. Addition of alkali greatly enhances the effectiveness of 50% 
or greater ethanol ngainst .MS2. Similar results have been previously 
abtained with other viruses.s Further, the sensitivity of MS2 to 
formaldehyde is again similar to poliovirus’ although coxsackie B4 virus is 
significantly more resistant.5 

3. 

4 

5. Moldcnhauer D. Uu:mtitattvc ~1 _. 
suspension experiments. Ztnlra 

6. Anssri SA. Satrar SA, Spring&c 
testing efficacy of bald-waahinj 
rotavirua and Escberichia eoli. , 

7. Ayliffe GAJ. Babb Jl*, Quoraiel 
1978; 31: 923-929. 
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11. Kurk JB, Lee m, Parsons I 
cnterovirtts. 3 HO@ i,tfsrr 19W 

12. Narang HK, Codd AA. Actior 
3 Harp Ided 1983; 4: 209-212 , 

Poliovirus has been frequently chosen for disinfectant testing, both for its 
relatively high resistance to chemical inactivation and for its ability to 
produce high virus titres in culture. It shares its disinfectant resistance with 
other enteroviruses which are known to be transmissable by hand contact. 
Poliovirus is thus a useful ‘benchmark’ to which other test viruses, 
including bacteriophage MS2, can be compared. 

MS2 WLLE successfully used in hand decontamination teats and could be 
substituted for E. coli in the method described by Ayliffe et al.,? with good 
recovery of the virus and acceptable reproducibility within the test panel 
results. Poor recovery of some mammalian viruses from the hands has been 
reported by Schurmann & Eggers.’ It is proposed that MS2 could be used 
as a ‘model’ virus for the initial screening of hand disinfectant products. 

There is clearly a market demand for effective antiviral products and 
awareness that some existing antibacterial formulations may be 
inadequate. 3*q”~‘z The low log reductions in MS2 observed in our 
handwashing tests with soap and water and with alcohol are similar to 
those reported for enteroviruse8 and clearly indicate that current 
decpntamination methods are inadequate, The use of MS2 will allow us to 
screen antiviral compositions more rapidly than testing with animal viruses 
and additionally may allow the development and realietic testing of hand 
decontamination products. The general use of MS2 to assess antiviral 
disinfectants will require initial monitoring to establish that the 
comparability with poliovirus, reported here, holds in other circumstances. 

1. 

2. 

Anon. Kotnmentar zur Richtlinic dcs Bundcr erundheitaamtea und dcr Deutschen 
Vereinigung zur Beksmpfung der Viruskrank dtcn zuc Prufung von chemischcn Lt 
Deainfektionsmittel auf Wirksamkeit gcqen Viren. Hyg Med 198% 9: 177-179. 
Anon. L’Asrociation Francaise de Normalieation (AFNOR). Antiscptic&s et 
disinfectants utiliaes a I’ctat liquid, miscible I’eau. Paris: Normc Francsise NFT72-180 
March 1986. 
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kinetics. Med Microbial Immunol 1985; 174: 221-236. 
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suspeneion experimenta. Zenrralbl Bokteriol Hyg I Abt Orig B 1984; 178: N--554. 
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rotaviruu and Escherichie coli. Appl Environ Microbial 1989; 55, !113-3118. 
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1978; 31: 923-929. 

8. Rotter M, Keller W, Wewalka G. Werner HP, Ayliffc’GAJ, Babb JR. Evalu=ipn of 
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Chlamydid Infections, 5th edn. American Public Health Association 1979; 34 !5. 
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Etiology of community-acquired 
254 hospitalized children 

pneumonia in 

TAINA MN, MD, JUSSI MERTSOLA, MD, MA’ITI WARIS, PHD, MAIJA LEINONEN, PHD, OLLI MEURMAN, MD, 
MERJA ROIVAINEN, PI-ID, JUSSI ESKOLA, MD, PEKKA SAIKKU, MD AND OLLI RUUSKANF,N, MD 

Background Childhood community-acquired 
pneumonia is a common illness, but there have 
been relatively few comprehensive studies of the 
viral and bacterial etiology in developed coun- 
tries. The aim of the present investigation was to 
determine the etiology of community-acquired 
pneumonia in hospitalized children by several 
laboratory methods. 

Mefhods. In a 3-year prospective study a naso- 
pharyngeal aspirate for viral studies and acute 
and convalescent serum samples for viral and 
bacterial serology were taken from 254 children 
with symptoms of acute infection and infiltrates 
compatible with pneumonia in the chest radio- 
graph. The role of 17 microbes was investigated. 

ResuZts. A potential causative agent was de- 
tected in 215 (85%) of the 254 patients. Sixty-two 
percent of the patients had viral infection, 53% 
had bacterial infection and 30% had evidence of 
concomitant viral-bacterial infection. Strepto- 
coccus pneumoniae (370/o), respiratory syncytial 
virus (2%) and rhinovirus (24%) were the most 
common agents associated with community- 
acquired pneumonia. Only one patient had a 
positive blood culture (S. pneumonide) of 125 
cultured. A dual viral infection was detected in 
35 patients, and a dual.bacterial infection was 
detected in 19 patients. 

Conclusions. The possible causative agent of 
childhood community-acquired pneumonia can 
be detected in most cases. Further studies are 
warranted to determine what etiologic investiga- 
tions would aid in the management of pneumo- 
nia. With effective immunization for S. pneu- 
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moniae and respiratory syncytial virus 
infections, more than one-half of the pneumonia 
cases in this study could have been prevented. 

INTRODUCTION 
Childhood community-acquired pneumonia is a com- 

mon illness, with an incidence of 36 to 40 episodes/1000 
children/year iu those ~5 years of age and 11 to 16 
episodes in children 5 to 14 years of age.‘* ’ It has been 
estimated that 2.5 million cases occur annually in 
Europe.3 There have been relatively few comprehen- 
sive studies of the viral and bacterial etiology of child- 
hood community-acquired pneumonia. This is ex- 
plained by the fact that many bacteria and viruses can 
cause the illness and many of them can be detected by 
methods available only in research laboratories. De- 
tailed information about the etiology is needed for 
-treatment recommendations which vary a lot and are 
not based on solid data.3 In addition control of pneu- 
monia depends on an accurate understanding of the 
relative importance of etiologic agents. 

We conducted a 3-year prospective study investigat- 
ing the role of 17 microbes in the etiology of childhood 
community-acquired pneumonia. Several laboratory 
methods were used to obtain the maximal yield of 
microbiologic diagnoses. 

METHODS 
Patient population and clinical samples. From 

January 1, 1993, to December 31, 1995, 254 consecu- 
tive hospitalized children with community-acquired 
pneumonia were enrolled in the study at the Depart- 
ment of Pediatrics, Turku University Hospital. Acute 
and convalescent serum samples and a chest radio- 
graph were available from all these patients. The 
diagnosis was based on simultaneous finding of fever 
(>37.5”C) and/or respiratory symptoms and infihrates 
compatible with pneumonia in the chest radiograph. 
All patients were treated with antibiotics. Initially 296 
patients were enrolled, but 42 children were excluded, 
33 because a convalescent serum sample was not 
obtained and 9 because their chest radiographs did not 
have infiltrates compatible with pneumonia at the 
reevaluation done by 3 pediatric radiologists, or the 
radiographs were not available for the reevaluation. 
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Each of 4 patients had 2 episodes of pneumonia that. 
were analyzed separately in the study. Fifty-six per- 
cent of patients were male and 44% were female. The 
mean age of the patients was 3.8 year8 (range, 0.1 to 
16.7 years). Thirty-seven children were <1 year of age, 
71 between 1 and 2 years, 84 between 2 and 5 years and 
62 were >5 years of age. 

On admission a blood sample was collected for sero- 
logic &mlyses (n = 254). A nasopharyngeal sample was 
aspirated through the nostrils with a disposable mucus 
extractor. Two sterile cotton swabs were dipped into 
the mucus, and these were then placed in separate 
viral transport medium tubes for rhinovirus PCR assay 
(n = 190) and virus culture (n = 230). The rest of the 
mucus was used for virus antigen detection (n = 231). 
The patients returned 3 - 4 weeks after discharge when 
the second blood sample (n = 254) and the follow-up 
chest radiograph (n = 254) were taken. 

Virologic studies. Virus culture was done by using 
the Ohio strain of HeLa cells and human foreskin 
fibroblasts according to routine procedure. Viral anti- 
gens [influenza A and B viruses, respiratory syncytial 
virus (RSV), parainfluenza virus types 1,2 and 3 and 
adenovirusl in nasopharyngeal aspirates were detected 
by time-resolved fluoroimmunoassay with monoclonal 
antibodies.* Virus-specific serum antibody titers were 
determined by enzyme immunoassay (EIA) using anti- 
gen-coated solid phase and horseradish perotidase- 
conjugated rabbit antihuman IgG (Dako, Glostrup, 
Denmark).4 Human herpesvirus 6-IgG responses were 
detected by microimmunofluorescence.5 The diagnosis 
of Epstein-Barr virus and varicella-zoster virus infec- 
tions was based on routine determination of IgM anti- 
bodies. 

‘lko reverse transcription-PCR assays were used for 
detection of rhinoviruses. The details of the methods 
have been reported earlier.6- 7 Nasopharyngeal aspi- 
rate samples collected during 1993 and 1994 were 
frozen at -70°C and tested by rhinovirus-PCR later. 
From January, 1995, rhinovirus PCR was done rou- 
tinely from unfrozen samples. 

Bacteriologic studies. On admission a blood sam- 
ple was taken for blood culture from the patients who 
appeared to be more ill as judged by the care physician 
(n = 125). Bacterial antibody assays were carried out 
from acute and convalescent serum samples. IgG anti- 
bodies to pneumococcal pneumolysin and C-polysac- 

charide (CPS) were measured by ElA, and a Z-fold or 
higher rise in antibody titers between paired sera was 
considered diagnostic.4 Circulating immune complexes 
containing pneumococcal CPS and pneumolysin were 
also measured from paired sera as described earlier.’ 
In 120 healthy children immune complexes were 
present in ~1% by the limits used.’ Antibodies to 
nontypable Haemophilw influenzae and Moruxella ca- 
tarrhalis were detected by EIA by using whole bacte- 
rial cell antigen, and a 3-fold or higher antibody rise 
between paired sera was considered diagnostic for 
acute infection4 In 188 healthy children positive bac- 
terial antibody responses to the 3 bacteria developed in 
0 to 2.7% of the cases in paired serum samples taken 1 
month apart9 In addition in 200 young adults with 
common cold only 1 patient developed a positive re- 
sponse to pneumolysin and 1 patient to H. influenzae 
studied in serum samples taken 21 days apart4 IgM 
antibodies to Mycoplasma pneumoniae were measured 
by a commercial EIA kit with minor modifications 
(Plateha; Sanofi Diagnostics Pasteur S-A., Mames la 
Coquette, France).‘o The IgM serology test was chosen’ 
because when compared with culture, serology and 
PCR it proved to be the most valuable tool for diagnos- 
ing M. pneumoniae infections.” IgG and IgM antibod- 
ies to chlamydial species were studied by a microim- 
munofluorescence method with elementary bodies of 
Chlamydia pneumoniae Kajaani 7 and Chlamydia tra- 
chomatis 1.2 as antigens.4 The presence of IgM anti- 
bodies and/or a 4-fold or greater change in IgG levels 
between paired sera was considered diagnostic for 
acute chlamydial infection. Antistreptococcal antibod- 
ies (anti-streptolysin 0 and anti-deoxyribonuclease B) 
were measured by routine commercial laboratory tests. 

Statistical analysis. The standard chi square test 
was used to compare the proportions among the 
groups. 

RESULTS 
A potential causative agent was detected in 215 

(85%) of the 254 patients (Table 1). Evidence of viral 
infection was demonstrated in 62% and of bacterial 
infection in 53% of the patients. There were signifi- 
cantly more viral infections in children <2 years of age 
(80%) than in those >2 years of age (49%) (P < 0.001). 
No significant differences were found in the occurrence 
of bacterial etiology according to the age of the pa- 

TXEKE 1. Etiology of childhood community-acquired pneumonia (N = 2541 

Age ofPatients . 
W  

Total No. viral Total No. with Etiology 

<2 
2-5 
>5 
TOtd 

* Numbers in parentheses. percent- 

108 S~CSOl* 51(4-l) 31(34) loo (93) 
a4 49(58) 47(56) 28(33) 68(81) 
62 23(37) 36(58) 12 (19) 47(76) 

254 158t62) 134(53) 77(30) 215(85) 
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TABLE &. Viruses and bacteria in the etiology of childhood 
community-acquired pneumonia W = 254) 

No. of 
Patients BXteIiWJl No. of 

Patients 

Respiratory syncytial 
virus 

Fihinovirus 

Parainfluenza 1,2,3 
virus& 

Adenovirw 
InfIuenza A and B 

viruses 
C0l.O!laYilllS 

Human herpesvirus 
6 

Epstein-Barr virus 
Varicella-zoster virus 

73 (29)f 

58 (24)t 

25 (IO) 

19 (7) 
10 (4) 

7 (3) 

I (3) 

1 
1 

stn?ptococcus 93 (37) 
p7lWTWIliClt? 

Haemophilus 22 (9) 
in+enzne 

Mycoplama 17 (7) 
pFlt?umniae 

Momsella catarrhnlis 10 (4) 
ChhlJdbJ 7 13) 

p?XWWniae 
stmptococcm 3 (1) 

PYgenes 
Chlamydia 2 (1) 

trachomatis 

* Numbers in parentheses, percent. 
t Number of patients studied = 238. 

tie&s. Mixed viral-bacterial infection was detected in 
30% of the patients. Sole viral infection was found in 
32% and sole bacterial infection in 22% of the patients. 
In 153 (60%) patients the etiology could have been 
established within 2 working days by using viral anti- 
gen detection (n = 65 positive cases), rhinovilvs PCR 
(n = 51) or a M pneumoniae IgM test (n = 17) and by 
measuring pneumococcal pneumolysin and CPS im- 
mune complexes (n = 43) from the first serum sample. 

Twelve viruses were associated with community- 
quired pneumonia. RSV (29%),.rbinovirus (24%) and 

rarainfluenza viruses (10%) w&e the most common 
agents (Table 2). The recovery rate of RSV by virus 
antigen detection was 73%, by virus culture it was 58% 
and by IgG serology it was 80% in 66 patients in whom 
all 3 tests were performed. Virus culture and sensitive 
virus antigen detection assays found 53 (80%) of 66 
cases. There were no significant differences in the 
detection rates of Rsv by various diagnostic tests in 
different patient age groups. RSV .was found in 46% of 
the patients < .2 years of age compared with 11% of 
patients Xi years of age. -‘. 

Seven bacterkl ‘genera were potential causative 
agents of community-acquired pneumonia (Table 2). 
Evidence of Streptococcus pneumaniae, the most com- 
mon etiologic agent, was detected in 93 (37%) patients. 
Only 1 patient had’blood culture positive (125 cultured) 
for S. pneumoniae; in the other 92 patients the diagno- 

sis was based on serologic evidence of pneumococcal 
infection. By measuring only IgG responses to pneumo- 
lysin and CPS, 60 cases (65%) were found. When using 
only pneumolysin serology (IgG response and immune 
complexes), 77 (83%) cases were detected. There were 
no significant differences in the occurrence of pneumo- 
coccal pneumonia in different age groups of the pa- 
tients. Several cases of H. influenzae (n = 221, M. 
pneumoniae (n = 171, Moraxetla catarrhalis (n = 10) 
and C. pneumoniae (n = 7) infections were diagnosed, 
but their role was clearly less thk that of S. pneu- 
moniae. In 1 patient Streptococcus pyogenes was cul- 
tured from pleural fluid, whereas 2 developed a signif- 
icant increase ih antistreptococcal antibodies. 

Evidence of two or more microbes associated witi 
community-acquired pneumonia was foun$ in 105 
(41%) children. A mixed viral-bacterial infection was 
demonstrated in 30% of the patients. Nearly one-halfof 
the patients with RSV-, rhinovirus-, parainfluenza 
virus- or adenotis-associated pneumonia had evi- 
dehce of concomitant bacterial infection (Table 3). S. 
pneumoniae was the most common bacterium associ- 
ated with R+SV (25%), rhinovirus (33%) and parainilu- 
enza virus (28%) infections. Evidence of H. influenzae 
infection was detected in 18, 10 and 4% of these viral 
infections, respectively. M. pneumoniae or C. pneu- 
moniae infections were rarely identified in virus- 
induced pneumonia. Of the patients with S. pneu- 
mqriiae infection 46 of- 93 (49%) had evidence of 
concomitant viral infection. Two bacteria as causative 
agents were found in 19 patients. A dual viral infection 
was detected in 35 patients. 

The spring and fall RSV epidemics occurred in 1993 
and 1995. RSV infection was associated with pneumo- 
nia in 45% of the cases in 1993, in 5% in 1994 and in 
30% in 1995. Rhinovirus peaks were identified every 
year during late fall. The number of rhinovirus infec- 
tions; as well as parainfluenza virus infections, adeno- 
virus’.infections and influenza virus infections, did not 
differ. significantly between the study years (data not 
shown). Interestingly pneumococcal infections were 
detected signikantly more often during 1995 (45%) 
than during 1994 (33%) and 1993 (25%) (P = 0.02). A 
M. pneumoniae outbreak occurred in 1995 &hen 14 of 
17 cases were detected. 

TABLE 3. Mixed viral and bacterial infections in the etiology of community-acquired childhood pneumonia 

vii 

Respiratory syncytial virus 
Bhinovim 
Parainbenza viruses 
Adenovirus 

~InfluenzaAandBkiruses 
* Numbers in parentheses. percent. 

No. of SheptOCOCCUS 
Patients pnewnoniae 

73 IS (25F 
53 19 G3) 
25 7 (28) 
19 2 (11) 
10 5 (50) 

Haemophiltrs 
influenza 

13 (18) 
6 (10) 
l(4) 
2 (11) 
l(10) 

Moda Mympllzsm TOtal 
CatorrluJis pI lW?Wiae No. 

32 0 (0) 2 (3) (44 
5 (9) 2 (3) 30 (52) 
3 (12) 0 (0) 12 (44) 
2 (11) 2 (11) 9 (47) 
1(10) l(10) 6 (60) 
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DISCUSSION 
We found evidence of the etiology of community- 

acquired pneumonia in 85% of the hospitalized pa- 
tients. Sixty-two percent of the patients had viral 
infection and 53% had bacterial infection. In previous 
studies the specific cause of pneumonia has been iden- 
tified in 40 to 80% of cases, but no single study has 
included adequate studies for detection of all of the 
most common causative agents. In addition in many 
earlier studies, patient inclusion criteria were restric- 
tive (Table 4). 

The observations clearly show that for optimal yield 
several techniques should be used even for the detec- 
tion of one microbe. RSV culture alone would have 
detected only 58% of the RSV cases found. In a recent 
study by Wubbel et al.” viral culture and direct fluo- 
rescent antibody tests fkom nasopharyngeal and pha- 
ryngeal swabs detected viruses in only 20% of 157 
ambulatory children with community-acquired pneu- 
monia compared,with 62% in this study. Measurement 
of pneumolysin IgC antibodies found only 50% of 93 
serologically verified pneumococcal infections. It has 
been shown earlier that identification ofnonbacteremic 
pneumococcal infections in children is diflicult and 
confusing because different assays give different re- 
sults a I63 2o as was also seen in this study. Blood 
cult&e is positive only in 1 to 3% of the patients, and in 
clinical practice its use can be individualized to pa- 
tients who appeariil. It is probable that we could have 
increased our yield with S. pneumoniae and with other 
microbes if PCR techniques could have been used more 
widely.2f~ 22 

As in several previous studies RSV and S. pncu- 
moniae were the most common, etiologic agents of 
childhood pneumonia (Table 4). By preventing these 
two infections more than one-half of our pneumonia 
cases could haveheen prevented. A new finding is that 
in 58 patients (24%) rhinovirus was detected by culture 
or PCR from the nasbpharynx, suggesting its common 
role in the etiopathogenesis of childhood pneumonia, 
Five studies have earlier identified rhinoviruses by 
culture in childhood pneumonia with 2 to 12% recovery 
rates. ‘I* “,x, 23* 24 Rhinoviruses have also been de- 
tected from bronchial samples, supporting their role in 
the etiology of pneumonia.25 A part of the PCR-positive 

’ cases, however, may have resulted from carkage.26 
There is increasing evidence that many childhood 

respiratory infections may be caused by more than one 
pathogen. The classic view is that viruses pave the way 
for bacterial infection. We found evidence of viral- 
bacterial infection in 30% of the children with pneumo- 
nia, a result which is in agreement with- previous 
studies.14, 15, ‘6. l8 Whether upper respiratory viral in- 
fection only predisposed to bacterial infection in the 
lung or whether the viruses were also involved in the 
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lower resp-iratory tract infection remains to be clari- 
fied. Even dual viralnsP 2o or dual bacterialz7 infections 
in childhood community-acquired pneumonia have 
been demonstrated, as was also seen in this study. 

Our study lasted 3 years which included two double- 
humped RSV epidemics (which is typical for RSV in 
Finlandz81 and three rhinovirus outbreaks. If the study 
had lasted for only 1 year, like most earlier studies, 
markedly different observations would have been ob- 
tained concerning the number of S. pneumoniae, RSV, 
M. pneumoniae and influenza virus infections. Inter- 
estingly the numbers of S. pneumonias infections in- 
creased during the study years. This observation is in 
agreement with the results of Baer et aI.,” who found 
an increase in invasive bacteremic pneumococcal infec- 
tions during early 1990s in Tampere, Finland. 

It is important to emphasize the limitations of this 
study. All our observations are indirect evidence of the 
etiology of childhood community-acquired pneumonia, 
and causality should be considered-with some care. No 
attempt was made to collect samples from the lung by 
transthoracic needle aspiration. This procedure is po- 
tentially harmful, and we do not consider it ethically 
acceptable in a developed country where the outcome of 
the illness is good. In addition some of OUT virologic and 
bacteriologic methods, although reasonably well- 
vaKdated,4. 7, 8. 9. 22 have been mostly used in our re- 
search laboratories, and little comparative data exist 
from other laboratories. Furthermore we studied only 
hospitalized children and a study on outpatients might 
have given different results. In two large recent studies 
on ambulatory patients, C. pneumoniae or M. pneu- 
moniae were detected in nearly one-half of the pa- 
tients.30, 31 

By using extensive diagnostic methods the possible 
causative agent of childhood community-acquired 
pneumonia can be detected in most cases. A wide array 
of viruses and bacteria can cause childhood communi- 
ty-acquired pneumonia, and many infections are mixed 
infections. In one-half of the cases, the etiology can be 
identified in 1 to 2 days. .The observations raise the 
question of which of the numerous etiologic investiga- 
tions available would aid in the management of pneu- 
monia. One option is to treat all children with commu- 
nity-acquired pneumonia without any etiologic tests. 
In the few cases with an unsatisfactory response,16 
depending on the initial treatment, tests for M. pneu- 
moniae, C. pneumoniqe and viruses as well as a search 
for penicillin-resistant pneuxnococci may prove to be 
helpful. 
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Predictive value of pneumococcal 
lasopharyngeal cultures for the assessment of 
lonresponsive acute otitis media in children 
lCHAL ELDAN, MD, EUGENE LEIBOVITZ, MD, LOLITA PIGLANSKY, MD, SIMON RAIZ, MD, JOSEPH PRESS, MD, 
4EtLO YAGUPSKY, MD, ALBERT0 LEIBERMANl’ MD AND RON DAGA.I’& MD 

Background Nonresponsive acute otitis media 
I3R-AOM) is reported in >10% of children with 
OM treated with antibiotics. Drug-resistant 
b-epiococcus pneumoniae is currently consid- 
-ed the leading cause of antibiotic failures in 
OM. Nasopharyngeal colonization with S. pneu- 
oniae was found to increase significantly dur- 
lg episodes. of AOM. 
Objectiues. To investigate the nasopharjngeal 
Jonization with S. pneumoniae during ND- 
OM and compare it with that found in AOM not 
cently treated with antibiotics (NT-AOM); to 
;sess the predictive vaIue of nasopharyngeal 
reumococcd cultures results for the bacterio- 
gic assessment of NR-AOM. 
Materials and methods. Patients age 3 to 48 

Accepted for publication Jan. 5.2666. 
From the Pediatric Infectious Disease Unit (ME. EL. LP. RD). 
partment of Otohuyngol~gy CSR, AL), Pediatric Emergency 
om (JP) and Clinical Microbiology Laboratory (PY), Soroka 
iversity Medical Center and the Faculty of Health Sciences, 
n-Gurion University of the Negev, Beer-Sheva, Israel. 
Key words: Acute otitis media, antibiotic resistance, Strepto- 
cus pneumoniae, nasopharyngeal cultures - 
Address’ for reprints. Eugene Leibovitz, M.D., Pediatric Infec- 
us Disease Unit, Soroka Universitv Medical Center. P.O. Box 
1, Beer-Sheva 84101, Israel. F& (972-71 623-2334; E-mail 
:enel@bgumail.bgu.ac.il. 

months with NT-AOM and NR-AOM were pro. 
spectively studied. Simultaneous nasopharyn- 
geal culties for S. pneumoniae and middle ear 
fluid cultures were obtained at enrolbnent. Anti- 
biotic susceptibility testing was performed in all 
S. pneumoniae isolates. Penicilliu and ceftriax- 
one MICs for S. pneumoniae were determined by 
Etest. The sensitivity, specificity and positive 
and negative predictive values of positive or 
negative nasopharyngeal cultures for the pres- 
ence of S. pneumoniae in middle ear fluid were 
calculated. 

Results. We studied 362 and 217 children with 
‘NT-AOM and NP-AOM, respectively. Of the chil- 
dren with NT-AOM and NR-AOM, 95 and 97%, 
respectively, were younger than 2 years of age. S. 
pneumoniae was isolated in the nasopharynx of 
66 and 66% of children with NT-AOM and m 
AOM, respectively. Penicillin-nonsusceptible S. 
pneumoniae was isolated more frequently from 
the nasopharynx of patients with NR-AOM than 
from those with NT-AOM (84% us. 47% P < 0.01). 
Antibiotic susceptibility patterns were similar 
for S. pneumoniae isolates recovered from the 
nasopharynx and those from the middle ear fluid 
in both NT-AOM and NR-AOM. A positive naso- 
pharyngeal culture had only little predictive 
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