
PROVONm Gentle Lotion Soap 
(continued} 

lrritancy Data and Allergy Test Results Ingredients 

Objective: Evaluation of irriiation potential in humans. 
Description of Test: 21-Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco. California. 
Date: November 10, 1992 
Results: Average score 0.36 (scale O-4). Lower 
scores indicate lower potential for skin irritation and 
allergic contact dermatitts. 
Conclusion: Product has a low potential for skin 
irritation and allergic contact dermatitis. 

Ingredients 

Contents 
Water 
Cocamidopropyl 
Betaine 

Coconut Acid 
Olec Acid 
Ethanolamine 
Cocamide DEA 
Sodium Sulfate 
Allantoin 
Aloe Extract 

Ingredient Class 
Carrier 
Cleansing Agent, Skin 
Conditlonlng Agent 
Foam Booster 
Cleansing Agent 
CleansIng Agent 
pH Adjuster 
Surfactant. Foam Booster 
viscos~fy Modifier 
Skin Conditioning Agent 
Botanical Additive Skin 
Conditioner 

-- 
PROVOW Mild Lotion Soap 

Dermatologist-tested. 
Stock No. 4008,4019, 4044 

Physical Characteristics 

Color: Blue Pearl 
Fragrance: Fresh, Clean 
Viscosityz 2,000-8,000 cps 
pH: 8.8-9.6 

lrritancy Data and Alleqy TestResults 

Objective: Evaluation of irritation potential in humans. 
Description of Test: 21-Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, California. 

’ Date: February 11, 1994 
Results: Average score 0.14 (scale O-4). Lower 
scores indicate lower potential for skin irritation 
and altergic contact dermatitis. 
Conclusion: Product has a low potential for skin 
irritation and alierglc contact dermatitis. 

Contents 
Water 
Coconut Acid 
OleK: Acid 
Ethanolamlne 
Cocarnlde DEA 
Sodium Sulfate 
Chloroxylenoi 
Agent 
EDTA 
Fragrance 
Glycd Stearate 
Propylene Glycol 

FD&C Blue ##I 

ingredient Class 

Emollient, Pearliz) 

Physical Characteristics 

Color: Pink Pearl 
Fragrance: Floral 
Viscosity: 3,ooO-10.000 cps 

-pN: 6.0-7.0 
I 

lrritancy Data and Allergy Test Results 
I 

Objective: Evaluation of irritation potential in huinans. 
Description of Test: 2 1 -Day Human Irritancv 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, California 
Date: December 5, 1995 
Result% Average score 0.27 (scale O-4). Lower 
scores indicate lower potential for skin irritation 3nd 
allergic contact dermatitis. 
Conclusion: Product has a low potential for &in 
irritation and allergic contact dermatitis. 

Ingredients 

Contents 
Water 
Sodium Laureth Sulfate 
Sodium Lauryl Sulfate 
Cocamide DEA 
Maine 
Soyamidopropyi 

Ammonium Chloride 
Citric Acid 
EDTA 
Fragrance 
Glycol Dtstearate 
Preservative 

FD&C Red #33 

lngrectknt class 
Carrier 
Surfactant Cleansing A!Jent 
Surfactant, Cieansing Agent 
Surfactent, Foam Booster 
Foam Bxxter 
Cleenslng Agent, Skin , 
Conditioning Agent 
Viscosrty Increasing Ag t 
pH Adjuster. Chelating M  
Chelating Agent & 
Fragrance 
Emollient. Peariiztng Ag t 
Preservative Antimcrobl 
Agent 
Colorant 
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PURELLb Instant Hand Sanitizer 

Dermatologist-tested, dye-free. Meets protocol for 
Healthcare Personnel Handwash. 
Stock No. 96.51, 9652.9654. 9656. 9657. 7188 

physical Characteristics 

Color: Clear 
Fragrance: Fresh Lemon 
Viscosity: 4,000-i 2,000 cps (gel) 
pH: 7.5-8.5 

lrritancy Data and Allergy Test Results 

O&ctive~ Evaluation of irritation potenbal In humans. 
Desaiptkn of Test: 21-Day Human lrritancy Assay 
Metho& The method IS that summarized by Phillips 
et al. (Toxic and Applied Pharmacology 21364382, 
1972). The fresh materials are applied five (5) days 
weekly for twenty-one (21) days to the same srte. 
Patches are not reapplied on weekends (or holidays): 
they remain m  place for these periods. There are flf- 
teen (15) days of reading, even when holidays inter- 
vene. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, Califomra. 
Date: February x),1996 
Resuk Average score 0.06 (scale O-4). Lower 
scores indicate lower potential for skin irritation and 
allergic contact dermatttts. 
Conclusion: Product has a low potenbal for skin 
Irritation and allergic contact dermatitis. 
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Human Repeated insult Patch ‘Test - 

Objective: Oetermrnation of the dermaf irritat on and 
sensitization potential of the product. 
Description of Test: Huinan repeated pat& test. 
Methods This study was conducted utilizing 
dard protocol and a total d two hundred and 
(215) subjects. Pnor to patch application, the 
was wiDed with seventy oeucent (70%) ethan 
allowed to dry. The tesi material was applied 
semi-occlusive patch (Readi-Bandage@) to tf 
back (between the scapulae) and allowed to 
in direct skin contact for twenty-four (24) haul 
Patches were applied to the same site on MC 
Wednesday and Friday for a three (3)-week i 
period. The sites were graded for dermal irrit 
sensitization twenty-four (24) hours after remc 
patches on Tuesday and Thursday, and forty 
(48) hours after patch re movai on Saturday. 5 
Dermal Scores (O-4+) were used to record d 
reactions. After two (2) weeks, the subjects v 
rechallenged and evaluated forty-eight (48) i 
seventy-two (72) hours after patch removal. 
independent Laboratory: Clinical Rese: 
Laboratories, Inc., Piscafaway, New Jersey. 
Date: October 31,1996 
Resuk No dermmal reactions were observe 
the induction or challenge phases of the stuc 
Conclusion: Test product demonstrated no 
for eliciting either. dermal irr itation or sensitizat 
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PUREU’ Instant Hand Sanitizer 
(cont inued) 

Results: Efficacy Data - In Vitro, I S-second exposure 
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Efficacy Data - In ViUo Efficacv Data - In Vivo 

Healthcare Personnel  Handwash Da 
Objective: Evaluation of the antimicrobial 
effect iveness of the product on  the hands.  
Descript ion of Test: The  study evaluates 
the immediate and  persistent antimicrobial E 
the product over the course of ten (10) cons 
microbial contaminat ion/product application 
The irritation potential of the product was me 
over the course of fifteen (15) addit ional pro 
cycles. This study utilized fiie (5) subjects fc 
test product.  The  protocol used was a  modil 
of the ASTM Standard Method El 174-87.  
independent  Laboratory: BioScience 
Laboratories. inc , Bozeman,  Montana.  
Date: April 16. 1998 

Objective: These tests were designated to evalu- 
ate the antimicrobial effect iveness of product formu- 
lations when chal lenged with a  broad spectrum of 
microorganisms. 
Laboratories: 
BioScience Laboratories, 
Bozernan, Montana;  March 9. 1998.  

ViroMED Laboratories, Inc., 
Minneapolis, Minnesota: April 29, 1998.  
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PURELL* Instant Hand Sanitizer 
(continued) 

Results: Average Reduction in Transient Bacteria 
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Conclusion: The test data show good anttmicro- 
bial efficacy (bacterial count reduction) on the 
hands. 

Ingredients 

Active Ingredient 
Ethyl Alcohol 62% 
Also Contains: 
Water 
Isopropyl Alcohol 
Carbomer 
Tocopheryl Acetate 
(Vitamin E) 
Glycerin 

Propylene Glycol 

Isopropyl Myrlstate - 
Fragrance 

Ingredient Class 
Antimtcrobial Agent 

Diluent 
Denaturant 
Thickener 
Skin Conditioning Agent 

Skin Condltloning Agent. 
Humectant 

Skin Conditioning Agent. 
Hurnectant 

Emollient 
Fragrance 

PUFtEU* Instant Hand Sanii with Aloe 

Dermatologist-tested. Meets protocol for Personnel 
Handwash. 
Stock No. 9837,7188,9831,9839 

Physical Characteristics 

Color: Clear, Green 
Fragrance: Pleasant Floral 
Wscosityt 7,ooO- 19,OOfl cps (gel) 
pH: 7-8.5 

lrritancy Data and Allergy Test Results 

objedivet Evaluation of irritatkn pdenM in humans. . 
DesapGon d lkd 21-Day Cumulative Irntancy 
Method: The method is that summarized by Phillips et 
al (Toxic and Applied Pharmacology 21:369-382, 
1972). The fresh materials are applied five (5) days 

weakly for twenty-one (21) days to the sam 
Patches are not reapplied on weekends (or 
they remain in place for these perials. Then 
(15) days of reading, even when holidays in 
Independent Laboratory: Oermatologic 
Laboratory, San Francisco, California. 
Date: June, 1997 
Results: Average scores 0.01 (Scale O-4) 
Conclusion: Product has a very low poter 
iting skin irritation and allergic contact derm; 

Human Repeated Insult Patch Test 

Objective: Evaluation of skin irritation and 
tion potential in humans. 
Description of Test: Human repeated inz 
test. 
Allethoct: This study was conducted utilizin 
dard protocol and a total of one hundred ar 
(104) subjects. Prior to patch application, tb 
was wiped with seventy percent (70%) eth2 
allowed to dry The test material was applie 
semi-occlusive patch (Readi-Bandage@) to 
back (between the scapulae) and allowed 1 
in direct skin contact for twenty-four (24) ho 
Patches were applied to the same site on h 
Wednesday and Friday for a three (3)-week 
period. The sites were graded for dermal in 
sensitization twenty-four (24) hours after ren 
patches on Tuesday and Thursday, and for 
(48) hours after patch removal on Saturday. 
Dermal Scores (O-4+) were used to record 
reactions. After two (2) weeks, the subjects 
rechallenged and evaluated forty-eight (48) 
seventy-two (72) hours after patch removal. 
Independent Laboratory: Clinical Rea 
Laboratories, Inc.. Piscataway, New Jersey. 
Date: September lo,1997 
Results: No observed dermal reactions 
Conclusion No demonstrated potential fc 
dermal irritation or sensitization. 
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PURELL* Instant Hand Sanitizer with Aloe 
(contmued) 

Results: Efficacy Data - In Vitro, i !%second exposure 
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Efficacy Data - In Vitro 

Objective: Evaluation of the antimicrobial effec- 
tiveness of the product in vitro. 
Description of Test: Fifteen (15) second expo- 
sure kill studies were performed utilizing twelve (12) 
challenge bacteria. The challenge inoculum was 
introduced to the test product at t ime zero; a portion 
of the samples was removed and placed in neutral- 
izing media at the appropriate time (15 seconds). 
Standard plate counting techniques were used to 
enumerate viable challenge mlcroorganisms. 
independent Lab: 
BioSclence Laboratories, Inc., Bozeman, Montana 
Date: September 8, 1997. 
Results: Percent reduction after a 15 second 
exposure to PURELL Instant Hand Sanitizer 
with Aloe 

Efficacy Data - In Vivo 

Healthcare Personnel Handwash Da 
Ob&ctive: Evaluation of the antimicrobial 
effectiveness of the product on the hands. 
Description of Test: The study evaluates 
the immediate and persistent antimicrobial e 
the product over the course of ten (10) cons 
microbial contamination/product application -. 
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t&t product. the’protocol us& &as $ modificati 
of the ASTM Standard Method El 174-87. 
Independent Laboratory: BioScience 
Laboratones, Inc., Bozeman, Montana. 
Date: April 16. 1998 
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PURELL* Instant Wand Sanitizer with Aloe 
(continued) 

Results: Average Reduction in Transient Bacteria 
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Conclusion: Very effective reductions of Gram 
Negative and Gram Positive bacteria were demon- 
strated. 

Ingredients 

Active Ingredient 
Ethyl Alcohol 62% 
Also Contains: 
Water 
isopropyl Alcohol 
Glycertn 

Carbcmer 
Fragrance 
Aloe Barbadensis Gel 

Propylene Glycol 

Isopropyl Myristate 
Tccopberyl Acetate - 
FD&C Yellow #5 ‘, 
FD&C Blue #l 

Ingredient Class 
Anbmicrobial Agent 

Diluent 
Denaturant 
EkinmzFa$oning Agent 

Thickener 
Fragrance 
Botanical Additrve, Skin 
Condittontng Agent 
Skin Condittoning Agent, 
Humectent 
Emollient 
Skip Conditioning Agent 
Colorant 
Cokmllt 

Bathing & Moisturizing 

PROVOW Antibacterial Body Wash 

Dermatologrst-tested. 
Stock No. 4026 

Physical Characteristics 

Color: Dye-free, Colorless 
Fragrance: Fresh and Light 
viscosity 1 ocl cps 
pn: 5.8-6.2 

lrritancy Data and Allergy lest Results 

1 
i 
4 

Objective: Evaluation of irritation potential it 1 

Description of Test: 21-Day Human lmt a 
Assay with Delayed Challenge. 

-, 
humans. 
hey 

Independent Laboratory: Dermatologr 
Research Laboratory, San Francisco, Califo 
Date: June 21, 1994 
Results: Average score 0.08 (scale O-4). 
scores indicate low potential 
allergic contact dermatitis. 
Conclusion: Product has a 
irritation and allergic contact dermatitis. 

Efficacy Data - In Vitro 

Timed-Exposure Kill Tests 
Objective: Evaluation of the antimrcrobial- 
effectiveness of the product in vitro. 
Description of Test: Thirty (8O>secondex 

Independent Laboratory: Biicience 

Wash. See graph top of page 79, 
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PROVON. Antibacterial Body Wash 
(continued) 

Results: Efficacy Data - In Vi&o 
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Conclusion: Very effectrve reduction of Gram- 
negative and Gram-posrtrve bacteria by the product 
was demonstrated 

Efficacy Data - MlCs 

Minimum Inhibitory Concentrations (MICs) 
Objective: Oemonstration of the broad spectrum 
of antimicrobral activtty. 
Description of Test: Bacterial tests run with agar 
to determine the concentration of triclosan required 
to inhibit growth. 
Reference: Studies conducted by W Vischer and 
John Regos, Pharmaceutical Dtvrsion, Ciba-Geigy. 
Basel, Switzerland 
Daie: 1974 
Results: The minimum inhibitory concentrations 
(MICs) of tnclosan are listed in parts per million 
(ppm). Numbers in parentheses refer to the number 
of strains evaluated. 

Microorganism 

Bacteria (Number of Strains) 
Bacillus subtilis 
Bacillus megaterium 
Bacillus cereus 
Bacillus cereus var mycoides 
Clostndium botutinum 
Clostridium tetani 
Corynebacterium acnes 
Corynebacterium diphtheriae (3) 
Corynebactenum mrnutissrmum 
Streptococcus 
Lactobacilius fermentium 
Mycobacterium tuberculosrs 
Mycobacterium smegmatis 
Mycobacterium phlei 
Micrococcus tutea 
Sporosarcina ureae 
Staphylococcus aureas 
Staphylococcus albus (2) 
Streptococcus agalacoae 
Streptococcus haemolytrcus A (2) 
Streptococcus faecab 
Streptococcus pyogenes 
Alcaligenes faecabs 

MlCs bpml 

0.1 
3 
3 
3 
3 
3 
3 
3 
5 
3 

33 
100 

0'3 
3 

0.1 
0.01-O. 1 
0.03-O. 

3 
1-3 

3-10 
3 

>lOO 
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Microorganism (continued) 

Brucella abortus 
Brucella melrtenrs 
Brucella SUIS 
Escherichra colr (7) 
Haemophilus rnftuenzae 
Klebsiella edwardsri 
Klebsiella aerogenes 
Klebsiella pneumonrae 
Legionella pneumoniae 
Loefflerella mallei 
Loefflerella pseudomaller 
Moraxella duplex 
Moraxella glucrdolytrca 
Acnetobacter lwoffi 
Neisseria catarrhalis 
Pseudomonas capacra 
Pasteurella septica 
Pasteurella pseudotuberculosrs 
Proteus vulgaris (2) 
Proteus vulgaris (Neotype) 

- Proteus mirabilis (2) 
Pseudomonas aeruginosa (3) 
Pseudomonas fluorescens 
Salmonella enteritidis (2) 
Salmonella typhimurium 
Salmonella tyhpi (3) 
Salmonella paratyhpi A 
Salmonella paratyphi B (3) 
Salmonella pullorum 
Serratia marcescens 
Shigetla flexneri (3) 
Shigella sonnei 
Shigella dysenteriae 
Vibrio cholerae 
Vibrio eltor 
Yeasts and FungF 

Aspergillus niger 
Aspergillus fumigatus 
Candida albicans (2) 
Epidermophyton floccosum 
Keratinomyces aielioi 
Trchophyton mentagrophytes 
lichophyton rubrum 

01 
0.1 

0.03 
0.03-O. 1 

33 
0.3 
0.3 
0.3 
10 
0.3 

1 
0.01 
03 
0.1 
33 

256 
0.1 
10 

0 l-0.3 
0 01 
0.3 

>loo - >lO 
>I00 

0.1-0.3 
0.3 

0 l-0.3 
0.3 

0.1-0.3 
0.3 

>loo 
0.1-0.3 

0.1 
0.1 
10 
10 

MICS (ppn 

30 
10 
3 

l-10 
10 
1 

10 

Conclusion: Triclosan is very effectrve again: 
both Gram-positive and Gram-negative batter 
yeast and fungal mrcroorganisms. 
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PROVONo Antibacterial Body Wash 
(continued) 

Market Research Ingredients 

This formula and the foaming applicator under- 
went rigorous market research. as well as inde- 
pendent lab testing, for efficacy and mildness. 
Tests were performed in various nursing facilities 
to determine overall likability of the product as a 
body cleanser and as a perineal wash. We also 
tested the cleaning ability of the product, the 
ability of the product to control odors. and the 
ease-of-use of the applicator. These facilities 
rated the product as both an effective body wash 
and an effective perineal cleanser. Overall, they 

.preferred it to the products they were currently 
using for bathing and incontinent care. 

Active Ingredient 
Tnclosan 
Also Contains: 
Water 
Lauramine Oxide 
Coca Betalne 
Sodium Lactate 

Lactic Acid 
EDTA 
Fragrance 
PreseNatlve 

Market’ Research 
Preference Ratings: Current Body Wash 

Marke;’ Research 
preference Ratings: Current Perineal Wash 

ingredient Cla s 
A&microbial Age t 

Camer 
Surfactant. Clean ing Agent 
Surfactant. Clean 

: 

ing Agent 
Skin Conditioning gent. 
Humectant 
pH Adjuster 
Chelating Agent 
Fragrance 
Preservative 

PROVOW Tearless Shampoo a Body Wash / 

Dermatologist-tested. 
Stock No. 4032,4034.4401.4402, 4403,4405,4406, 4408 

Physical Characteristics 

Colors Clear Blue 
Fragrance: Herbal 
Viscosity: 3,ooO-12.000 cps 
pH: 6.0-7.0 

lrritancy Data and Allergy Test Results 
I 

humans. 
Description of Test: 21-Day Human lrrlt 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologi 

Date: November 24. 1992 
Results: Average score 0.23 (scale O-4). 

allergic contact dermatitis. 

irritation and allergic contact dermatitis. 

lnwedients 

Contents 
Water 
Cccamidopropyl 

Hydroxysultaine 
Scdlum Trideceth Sulfate 

Peg-80 Sorbitan Laurate 
D&odium Lauroamphodlacetate Surfactant 
Peg-150 Distearate 
Allantotn 
Aloe Extract 

ciuc Actd 
Fragrance 
lnositol 
Meltxonlne Conditioning AgentJ 
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PROYONe Tearless Shampoo & Body Wash 
(continued) 

Contents (confmed) 
Propylene Glyoot 

Quarternium 15 
Sodrum Chlorrde 
Sodium Laureth-13 Carl 
Vrlamrn A 
Vnemin B 
Vttamtn C 
Vrarntn E 
Vitemrn H (Biotrn) 
Wheat Germ Extract 
FD&C Blue #l 

Ingredlknt Class 
Condironrng Agent. 
Humectent 
Anbstatrc. Agent, Preservative 
viscosity lncreestng Agent 

ooxylate Surfactent 
Skrn Conditioning Agent 
Biologtcal Addrhve 
Anttoxrdant 
Skrn Condrtioning Agent 
Biological Additive 
Botenrcat Addrtive 
Colorant 

PROVON’ Enriched Shampoo for Body 8 Hair 

Dermatologtst-tested. 
Stock No. 4012,4014, 40154016. 4018.4033 4035 

Physical Characteristics 

Color: Clear Yellow 
Fragrance: Herbal 
Viscosity: 5,000-15,000 cps 
pH: 6.0-7.0 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irritation potential in 
humans. 
Description of Test: 21 -Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, Caltfornia. 
Date: November 10. 1992 
Results: Average score 0.28 (scale O-4). Lower 
scores indicate low potential for skin irritation and 
allergic contact dermatitis. - 
Conclusion: Product has a low potential for skin 
irritation and allergic contact dermatitis. 

Ingredients 

COIltents 
Water 
Sodium Leureth Sulfate 
Sodium Lauryl Sulfate 
EQamfdopropyl Betaine 

Cootide DEA 
himnium Chloride 
Citric Acid 
Fragrance 
Preservative 

Aloe Extract 

Vttn E 
FE&C Blue #f 
FD&C Red #40 
FD&C Yellow #5 &  6 

Ingredient Class 
canier 
Surfeotent, Cleansing Agent 
Surfaotent Cleansing Agent 
Cleansing Agent, Skin 
Condiiing Agent, Foam 
Booster 
Sutfactant. Foem Booster 
Vieooeity lnoreeeing Agent 
pH Adjuster. Ctteteting Agent 
Fragrance 
Pree-e~ative. Anbmiorobial 
Agent 
Skin Condttiirng Agent. 
Botamcal Additrve 
S)un Cmdiiionlng Agent 
Colorant 
Colorant 
Colorant 

Physical Characteristics 

Color: Ltght Blue 
Fragrance: Herbal 
Viscosity: 300-l 500 cps 
pH: 6.0-7.0 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of Irritation potential in 
humans. 
Description of Test: 21-Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, Californta. 
Date: July 14, 1992 
Results: Average score 0.08 (scale O-4). Lower 
scores indicate low potentral for skrn irritatton ant 
allergic contact dermatitis. 
Conclusion: Product has a low potential for skin 
irritation and alle‘rgtc contact dermatttts. 

Ingredients 

Contents 
Water 
Mrneral Oil 

Coconut Acrd 
Oleic Acid 
Ethanolemine 
Cocemrdopropyl Betane 

Allentoin 
Aloe Extract 

Dimethicone 
Fragrance 
Hydrolyzed Protein 
lnositd 
Methionine 
Preservative 

Propylene Glyod 

Thickener 
Vitamin A 
Vitamin B 
Vitamin C 
Vitemin E 
Vitamin H (Biotm) 
Wheat Germ Extract 
FD&C Blue #I 

Ingredient Class 
Carrier 
Emollient Skin ConditionI lg 
Agent 
Surfactant Cleansing Ag :nt 
Surfactant, Cleansing Ag !nt 
ph Adjuster 
Cleansrng Agent. Skrn 
Conditi inrng Agent. Foarr 
Booster 
Skrn Conditioning Agent 
Botanical Additrve. 
Skin Condaiining Agent 
Skin Conditioning Agent 
Fragrance 
Skin Condilioning Agent 
Hurneotent 
Skii Conditioning Agent 
Preservatrve. Antimicrobial 
Agent 
Skin Condiifoning Agent. 
Humeotant 
Wscmty Increasing Agent 
Skin Condrtirng Agent 
Biotogcat Addtie 
AntioxIdant 
Skin Condrtroning Agent 
Biotogrcal Additive 
Botanrcal Additive 
Colorant 
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PROVON’ Brand Moiins Hand & Bodv Lotion 

Dermatologist-tested. 
Stock No. 4231,4232, 4233.4236. 4238 

physical Characteristics 

Color: Creamy Opaque 
Fragrance: No Cosmetic Fragrance 
Viscosity: 1 O,GOO-22,CHl cps 

lrritancy Data and Allergy Test Results Stearic Acid 

Objective: Evaluation of irritation potential in 
humans. 
Description of Test: 27-Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco. California. 
Date: November 10, 1992 
Results: Average score 0.44 (scale O-4). Lower 
scores indicate low potential for skin irritation and 
allergic contact dermatitis. 
Conclusion: Product has a low potential for skin 
irritatton and allergic contact dermatitis. 

Ingredients - 

Contents 
Water 
Distearyldimonlum Chloride 
Petrolatum 
Glycerin 

Isopropyl Mynstate 

CeIyl Alcohol _ 

Dimethicone 
Preservative 

ingredient Class 
Carrier 
Skin Conditioning Agent 
Skin Conditioning Agent 
Skin Conditlonlng Agent. 
Humectant 
Skin Conditioning Agent. 
Emollient 
Skin Conditioning Agent 
Emollient 
Skin Condltionlng Agent 
Presetvatwe. Antrmicroblal 
Agent 

PROVON’ Skin Moisturizer with Aloe & Vitamins 

Dermatologist-tested. 
Stock No. 42!51.4252,4256 

Physical Characteristics 

Color: Creamy Opaque 
Fragrance: Herbal 
viscosity: 7.000-20,ooO cps 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irritation potential In humans. 
Description of Test: 21-Day Human lrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologlc 
Research Laboratory. San Francisco. California 
Date: November 24 1992 
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Results: Average scxxe 0.133 @tale O-4). -ower 
scores indicate low potential Furskin irritaticn and 
allergic contact dermatitis. 
Conclusion: Product has 2 IIW* potential for skin 
irritation and allergic contacn cbt%natitis. 

Ingredients 

Contents 
Water 
Glycerin 

Cetyl Alcohol 

Dimethlcone 
Allentoin 
Aloe Extract 

Fragrance 
lnosltol 
Methlonine 
Mineral 01 

Preservative 
Propylene Glycol 

Triethanolamine 
Vitamin A 
Vitamin B 
Viamin C 
Vitamin E 
Vitemln H (Biotin) 
Wheat Germ Extract 

lwgedient Cla 
CErPiw 
Stir Zonditloning gent 
Hrxxtant 
Vsasily lncreasin , 
S&I Conditioning gent 
St&i ~Zondiiioning gent, 
Er.xJbent 

Rcepance 
l-LKwctarlt j 

Stir1 landitioning gent 
S&I Conditioning gent 
EKXa~~ical Additive, 
Stij;rr~Zondiioning gent 

p-i wjuster 
Shr I iZondlioning gent 
E!&)@ticai Adddive 
mjdant 
Stir, Conditioning gent 
E!&hgical Additive 
Botanical Additive : 

Specialized Skin Cam 

PROVON’ perineal Wash 

Color: Green 
Fragrance: Herbal 
viscosttyI 100 cps 
pH: 8.0-9.0 

Irrltancy Data and Aflergy Test Remdts 

Objective: Evaluation of in-i&&Jr1 
Description of Test: 2 1 -C@i il-lluman lrri 
Assay with Delayed Chall@tqtz. 
Independent Laborat- C%rma 
Research Laboratory San FraracGco, 
Date: November 10.1992 
Results: Average score 0.1 -II [scale 0 
scores indicate low potential b* s;kin irri 
allergic contact dermatltrs 
Conclusion: Product has a 1l0mk poten 
irritatton and allergic contazf sdssmnatitls. 



PROVOW Perineai Wash 
(continued) 

Ingredients 

contents 
Water 
Coconut Acid 
Olec Acid 
EthanolamIne 
Cccamdopropyl Betalne 

Allantoln 
Aloe Extract 

EDTA 
Fragrance 
lnositol 
Methionine 
Propylene Glycci 

Quaternwm 15 
Vitamin A  
Vitamin B  
Vitamin C 
Vtarnin E  
Vitamin H (Biotin) 
Wheat Germ Extract 
FD&C Blue #l 
FE&C Yellow #5 

ingredient Class 
Carrier 
Suriactant, Cleansing Agent 
Swfaaant. Cleansing Agent 
pH Adjuster 
Cleansing Agent 
Skin Condrtionlng Agent 
Foam Booster 
Skin Condibonmng Agent 
Botanical Additive 
Skin Conditionrng Agent 
Chelating Agent 
Fragrance 
Humectant 
Skin Conditiontng Agent 
Skin Conditioning Agent 
Humectant 
AntIstatic Agent, Preservative 
Shn Condltroning Agent 
BiologIcal Addrtwe 
Anboxidant 
Slvn Condrtlonlng Agent 
Biological Addrtwe 
Botanical Additrve 
colorarlt 
Colorant 

PROVONO Antibacterial Perineal Wash 

Dermatologist-tested. dye-free. US Pat. 5,635,462. 
Stock No 4432,4434 

Physical Characteristics 

Color: Colorless (dye-free) 
Fragrance: Fresh and Light 

. . -vllcoslty: loo cps 
pH: 5.8-6.2 

Results: Efficacy Data - In vitro 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irriition potential in 
Description of Test: 21-Day Human 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatologlc 
Research Laboratory, San 
Date: June 21, 1994 
Results: Average score 0.08 (scale 
scores Indicate low 
allergic contact dermatitis. 
Conclusion: Product has a low 
irritation and allergic contact dermatrtis. 

Efficacy Data - In Vitro 

Timed-Exposure Kill Tests I 
Objective: Evaluation of the antimIcrobIal 
effectiveness of the product in vitro. 
Description of Test: Thrrty (30~secondexposl 
kill studies were performed utilizing nine (9) ch; 
lenge bacteria. The challenge inoculum was intrl 
duced to the test product at t ime zero; a portion 
the sample was removed and placed rn neutraliz 
media at the appropriate time. Standard plate co 
ing techniques were used to enumerate viable cf 
lenge microorganism+.. - 
Independent Laboratory: BioSclence 
Laboratories, Inc., Bozeman, Montana 
Dates: July 19, 1994; October 6. 1994; 
September 11. 1995 
Results: Percent reduction after a 30-second 
exposure to PROVON Brand Antibactenal Perinc 
Wash. See graph below. 
Conclusion: Very effective reduction of Gran 
negative and Gram-positive bacteria by the 
product was demonstrated. 
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PROVON* Antibacterial Perineal Wash 
(continued) 

Efficacy Data - fvYKs 

Minimum Inhibitory Concentrations (MICs) 
Objective: Demonstration of the broad spectrum 
of antimicrobial activity of chloroxylenol. 
Description of Test: Bactenal tests run with agar 
to determine the concentration of chloroxylenol 
required to inhibit growth. 
Reference: NIPA Laboratories, Inc.. Wilmington 
Delaware. 
Date: December 1991 
Results: The minimum inhibitory concentrations 
(MICs) of chloroxylenol are listed in parts per million 
(ppm). Numbers in parentheses refer to the number 
of ‘strains evaluated: 

Microorganisti Mm3 bpml 
Bacteria (Number of Strains) 
Streptococcus faecak (7) 
Staphylococcus aureus (8) 
SalmoneNa lyph~ (2) 
Eschenchia co/i (8) 
Pseudomonas aeruginosa (9) 
Providencia rettgeri 
Bacrllus subtilis (2) 
CGrobacter sp. (2) 
Corynebacterrum,pyogenes 
Enterobacter aerogenes (3) 
Klebsrella pneumoniae (5) 
Mycobactenum swum 
Proteus m/rab/lrs 17) 
Salmonella choleraesuis 
M~crococcus luteus 
Mycobacterium smegmatls 
Proteus vulgans (2) 
Baollus cereus 
Provrdencia (2) 
Acinefobacfer calcoaceticus 
Serrafia marcekens (3) 
Pseudomonas cepacia 
Enterobacter gergowae 

20-167 
lo-167 
20-60 

40-250 
80-l ,000 

125 
50 

167-250 
60 

30-156 
167-250 

125 
125-167 

60 
125 
167 

100-125 
50 
167 
83 

20-167 
40 

250 

Yeasts and Fungi. Mm (Pm) 
Aspergrllus nger (4) 20-200 
Penicill ium funrculos~m 250 
Trichophyfon mentagrophytes (3) 20-1.000 
Penicill ium citrinum 250 
Aspergillus flavus 60 
Penicill ium luteum 125 
Penic~iiium chrysogenum 1,000 
Alternaria solani 200 
Trichophyfon rubrum 60 
Trichophyton tonsurans 250 
Epidermophyton floccosum 30 
Saccharomyces bayabus 50 
Candida a/b/cans (2) 50-125 
Mucor racemosus 1,000 
Rhrzopus stolonifer 25 
Torula ramosa 100 

Concbsion: Chloroxylenol is very effectrve against 
both Gram-positive and Gram-negative bacteria, 
yeast and fungal microorganlsms. 

lnsredients 

Active Ingredient 
TiilW?Nl 
Also Contains: 
Water 
LauramIne Oxide 
Ccc0 Betaine 
Sodturn Lactate 

Lactic Acid 
EDTA 
Fragrance 
Preservative 

hqredient Cl; 
Anbmicroblal Ag 

Carrier 
Surfactant. Clear 
Surfactant. Cleal 
Skin Condrtionm 
Humectant 
pH Adjuster 
Chelating Agent 
Fragrance 
Preservative 

PROVON’ Moisturizing Perineal Bank 

Dermatologist-tested 

Stock No 4441 

Physical Characteristics 

Color: Dye-free, Creamy White 
Fragrance: Fresh and Light 
Viscosity: Nongreasy, Semisoltd 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irritation potenti 
humans. 
Description of Test: 21-Day Human lrri 
Assay with Delayed Challenge 
Independent Laboratory: DermatoioJ 
Research Laboratory San Francisco, Calli 
Date: November 24, 1992 
Results: Average score 0 (scale O-4). Lc 
scores indicate low potential for skin irritat 
allergic contact dermatitis. 
Conclusion: Lower potential for skin irrit; 
allergic contact dermatitis as indicated by 
of zero (0). 

Ingredients 

Active Ingredient 
Petrolatum 
Also Contains: 
Aluminum Starch 
Octenylsuccinate 
Praservatlve 

Fragrance 

Ingredient Cla 
Skin Protectant. 1 

Texture Enhance 

Preservative. 
Antlmlcrobial Agl 
Fragrance 

lg Agenr 
lg Agent 
igent 

‘CY 

iia 

?r . 
I and 

)n ‘and 
scbre 

stllrizer 
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PROVONm Perineal Cream 

PROVON’ Perineal Cream 

Dermatologist-tested 

Stock No. 4421.4423 

Physical Characteristics 

Colors Whrte Opaque 
Fragrance: Herbal 
Viscosity: 25,000 cps minimum (cream) 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irritation potential rn 
humans 
Description of Test: 21-Day HumanJrritancy 
Assay with Delayed Challenge. 
Independent Laboratory: Dermatofogic 
Research Laboratory. San Francisco, California 
Date: November 24, 1992 
Results: Average score 0.10 (scale O-4) Lower 
scores indicate low potentrat for skin Irritation and 
allergic contact dermatitis. 
Conclusion: Product has a low potential for skin 
irritation and allergic contact dermatitis. 

Ingredients 

Active Ingredient 
Allanto~n 

Also Contains: 
Water 
Lanolin 

Glycerrn 

Cetyl Alcohol 

Sodium Lauryl Sulfate 
Beeswax 
Aloe Extract 

Blff 
DL Panthenol 
Fragrance 
Methylparaben 

Propylparaben 

Ouaternium 15 
Thickener 
Vitamin A 
Vitamin D 
Vitamin E  

Ingredient Class 
Skrn Conditlonlng &  
Protecting Agent 

Carrier 
Skin Conditioning Agent. 
Erwllienr 
Skin Conditioning Agent, 
Humectanr . . 
Skin Conditroning Agent, 
Emollient 
Surfactant. Emulsrfier 
Skin Conditioning agent 
Botanical Additive, Skin 
Conditioning Agent 
Antioxidant . 
Conditioning Agent 
Fragrance 
Preservatrre, Antimicrobial 
Agent 
Preservative. Antimicrobial 
Agent 
Antistatic Agent, Preservative 
Viscosity Increasing Agent 
Skin Conditioning Agent 
Biolcglcal Additive 
Skin Conditionrng Agent 

Physical Characteristics 

Color: Blue Opaque 
Fragrance: Herbal 
Viscosity: Semisolid 

lrritancy Data and Allergy Test Results 

Objective: Evaluation of irritation potential in hum 

Assay with Delayed Challenge. 
Independent Laboratory: Dermatologic 
Research Laboratory, San Francisco, California. , 
Date: November 24, 1992 
Results: Average score 0 (scale O-4). Lower 
scores indicate low potential for skin irrttatron and 
allergic contact dermatitis. 
Conclusion: Lower potential for skin irritation a 
allergic contact dermatitis as indicated by a 
of zero (0). + 

tngredients 

Active Ingredient 
White Petrolatum 

Ingredient Class 
Skin Conditioning 8 
Protecting Accent 

Also Contains:- 
Fragrance 
Lanolin 

Preservative 

Sodium Caseinate 
Sorbilan Oleate 

Vitamin A  
Viamin 0 
Vitamin E  
D&C Green ffi 

Fragrance 
Skin Conditioning Agent. 
Emollient 
Preservatrve. AntimIcrobial 
Agent 
Slon Condnioning Agent 
Surfactant, Emulsifying 
Agent 
Skin Conditioning Agent 
Biologcal Additive 
Skin Conditroning Agent 
cobKult 
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Effbq Data: III vitro w-t kduciion of test organisms.2 

PURELL? Product Recommendations 

8OOui 
R&i 

Your distributor or GOJO representative can 
conduct a Site Suwey to help determine the 
most effective skin care program for your facility. 1OOOUll 

hter K 

7187-Dl 

GOJO Industries Inc 
Professional Markets Group 
P.O. Box 991. Akron, OH 443094991 
BOO-321-9647. BOO-FAX-GO10 
www.GOJO.com 

e2000. GOJO Indumies. IIX. All rights resew&, 
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Inactivation of Poliovirus by Chloramhe-T 
NETXAL M. MADE GOWDA,’ NORMAN M. TRIEPF,” AND G. JOHN STANTON” 

rtment of Preventative Medicine and Community He&’ and Deparbnent of l4kvbiology.’ UI 
of Texcrs Medical Branch, GalvesIon, Texas 775.50 

Received 25  February 198l/Accepted 17 June 1981  

Since concern has recendy been  expressed about  the presence of genotoxic 
sub&nces due  to cbIorination of water and  wastewater, chloramine-T (CAT) is 
proposed as an  alternative disinfectant to chlorine. The viricidal propert ies of 
chlorine and  CAT were compared.  Kinetics of inactivation of poliovirus type 2  by 
chlorine and CAT in chlorine demand-f ree water were investigated by using a  
kinetic apparatus.  Inactivation of the virus by chlorine and  CAT occurred in two 
steps. The initial l inear part of the inactivation curve fol lowed a  pseudo-first- 
order reaction with the virus. An obvious dose-response relationship was dem- 
onstrated with CAT. The rate of inactivation of the virus by CAT was faster in 
acid medium than in alkaline medium Inactivation kinetic studies were performed 
at different temperatures, and  the kinetic, Arrheniua, and  thermodynamic param- 
eters were evaluated. The rate of inactivation of poliovirus type 2  by chlorine was 
faster than that by  CAT under  identiwl condit ions A mechanism for the vhai 
inactivation in acid condit ions was proposed which led to a  rate equat ion consist- 
ent with the experimental results. The  results indicate that CAT may be  an  
effective viricide against poliovirus type 2  in an  acid medium. 

Ever since the disinfection process became a  
standard part of drinking water and  wastewater 
treatment in the United States and  other devel- 
oped  nations, chlorine has been  the predominant 
disinfectant. Recently, concern has been  ex- 
Kressed by several investigators (2,14,18,27,2& 
30, 31, 35)  about  the presence of potentialIy 
genotoxic substances ip drinking water. Studies 
have shown organic compounds recovered from 
chlorine-treated waters in the United States and  
Japan to be  mutagenic (14, 27). Most ev idence 
suggests that the formation of mutagenic sub- 
stances takes place during the water and  waate- 
water disinfection processes. Chlorination. 
which is known to produce halogenated sub- 
stances, appears  to be  the cause of the genotoxic 
activity in drinking water (27). Hence,  there is 
need  for an  alternate effective disinfectant which 
forma a  minimum of genotoxic compounds in 
water and  wastewater. A revjew of the literature 
suggests that chemicals such as chlorine dioxide, 
inorganic chloraminea, &rd oxone have been  pro- 
posed or used aa  aitematives to chlorine for 
disinfection of drinking +ater (19,21). Inorganic 
chIoramine- or ozone-treated and  recycled water 
were shown to be  mutagenic in bacteria (18.25). 
Chloramine-T (CAT), pCWH$OZNC~a*  
3Ha0,  may be  an  alternative disinfectant to atan- 
dard chlorine, It behaves chemically more 85  an  
oxidant than a  chlorinating agent.  Thus, it would 
be  much less likely to form genotoxic com- 

pounds.  These posit ive quaht ies have let 
interest in CAT as a  disinfectant of watt 
of the essential features of a  disinfectar 
viricidal properties 

To our knowledge, no  basic research hi 
done  on  the inactivation kinetics of vin 
CAT. Inactivation kinetic studies of pal 
have been carried out with formatdehyc 
chlorine, hypobromite, molecular bromi 
organic haloamines (7-9), chlorine dioxi 
32). and  oxone (21.22). 

In this study, the viricidal propert ies ( 
and  chlorine are compared.  SpecitIcally, 
vest igated the kinetic and  mechanist ic 
of inactivation of poliovirus type 2  by C 
determining (i) 9996  inactivation times 
constants at varying CAT concentral  
PI-I’S and  (ii) kinetic and  themodpai 
eters. Me&ani ima of poliovirus inactiv 
proposed,  and  rate expressions are derh 
are in agreement  with the experimentai 
those of other inveatigationa (21, 22). 
method of concentrat ion and  purifhza 
used for the fwt time to achieve a  
demand-f ree poliovirus type 2  auapensic  
titer. 

MATERIALS AND METHOD! 
Potiotirus stock. The s&e stock of 

type 2 wae used throughout the study. The 
grown on  human amnioo WISH ceila (Flo 
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tories, Jnc., Rockville, Md) and accumulated. Cells 
were gown to monolayers in Eagle minimal essential 
mcdrum containing Hanks salts supplemented with 
J@% fetal bovincserum, JM)pg ofstreptomycin per ml. 
and Jt)6 U of peniciUin per ml and infected with Jive 
rfi infective doses ITCJDra) per cell. The virus was 
harvested when 76 to 100% of the cells in culture 
+owed cytopathology. Then the virus-containing 
puids were frozen and thawed once and centrifuged at 
1,(~ x g for 15 min to remove celJ debris 

Preparation of chlorine demand-free polio- 
vJrus.‘lhesodiumdextraosulfate(SDS)-polyethylene 
gJyco~ (PFX;) phase separation method of Albertsson 
(J) with dight modification was used UI concentrate 
the VANS (preparation of reagents is shown below). 
The J’EG solution (210 g) containing NaCl and % 
SDS .solution (10.5 g) were thoroughly mixed. The 
mixturc was added, in equaJ portions (-10 ml each) to 
a liter separatory funnel containing 508 ml of polio- 
virus suspension. After each addition, the funnel was 
thoroughly shaken. Then the system was allowed to 
stand in the cold (4YZ) for 24 h. The bottom phase (4 
ml) harvested was treated with 3 M KC1 (3.5 nil) to 
precipitate SDS. Since the highly purified and concen- 
trakd virus suspension harveskd from the lower 
phase had a high chlorine demand even after removal 
of most of the SDS by precipitation with KC1 (Table 
I), we suspected that residual SDS may have been 
responsible. The residual SDS was removed, therefore, 
by treating the virus suspension with the enzyme 
dextrana... which degrades SDS into low-molecuhu- 
weight fragments (20) that would pass through an 
Amicon filter. Specifkalty. the purified and coneen- 
trated virus suspension obtained was diluted 10 times 
wuh phosphate buffer (0.1 M KHrPOJ + 0.1 M NaOH), 
pH 6, and treated with 4 U of the enzyme (20) per ml 
of virus suspension and incubated for 2 h at 37°C. 
Then the re.suJtant suspension was tiltered through an 
Amicoa alter (IOXM 300.43 mm; Diaflo ultrafrhration 
membmnea, Amicon Corp., Lexington, Mass.) and 
washed several times with JO-ml portions of sterile 
(JistiJJed. water. The pure virus concentrate. shown to 
be virtually chlorine demand-free (Table 1) was di- 
(utcd with chlorine demand-free phosphate-buffered 
adine (0.15 Ml containiig 1 M MgCl~ and stored in 5 

AIW.. ENVIHON. .V~ICHOIIIOL. 

ml vials at -70°C. The titer of the purified virus 
roncenh-ate was approximately JO”’ XIII, per ml. 

Enzyme solution. One hundred unit.q of dexlran- 
ase (n-l.&glucan 6glucanohydrolase) obtained from 
a I%-nicdfim specie% (Sigma Chemical Co., St. Louis. 
MO) was dissolved in 0.5 ml of tris(hytlroxvmet~~~l~- 
ambunnethane-hydrochloride buffer of pH 6, and this 
solution was used in purifying poliovirus type 2. 

Virus assnys. All virus was dihrted in Eagle mini- 
mal essential medium containing Earle salts supple- 
mented with ‘2% fetal bovine serum and antibiotics 
(100 )rg of streptomycin and Jo0 U of penicillin per 
ml). The virus assays (341 were performed on WISH 
cell monolayers grown in 96well microtiter plates. 
One-tent.h milliliter of each serial log,0 dilution of each 
sample wa.. inoculated into four replicate wells. The 
microtiter plates were then incubated for 48 h at 47°C 
in a 5% CO? atmosphere. The cultures were stained 
with crystal violet solution (l:lOO, wt/vol) in 26% 
methyl alcohol in water, and the cytopathic effect was 
read. The mean TCID, per milliliter was calculated 
by the Ktiber method (29). 

Chlorine. Sodium hypochlorite solution (4 to 15%; 
Fisher Scientific Co., Pittsburgh, Pa.) was shndard- 
ired iodumetricaffy (2). diluted to a concentration of 
106 mg of chlorine per liter, and stored as a stock 
solution at 4X The concentration of the stock solu- 
tion was aiso checked spectrophotometrically by the 
standard orthototidine-arsenite method (2). 

CAT. CAT (Eastman Kodak Co.. Rochester. N.Y.) 
was freed from possible p-toluene sulfonamide and 
dichloro contaminants by washing it several times 
with carbon tetrachloride and dried in a vacuum de.- 
iccator over CaCJc. The purity of the sample deter- 
mined iodometrically was >99%, as reported by Gowdn 
et al (15). The stock solutions of CAT were prepared 
by dissolving the solid (2 g/liter) in chlorine demand- 
free distiiled water and stored at 4%‘. 

Determination of chlorhre demand. The chlo- 
rine demand of sterile distiied water (Abbott Labo- 
ratories, North Chicago, BJ.) used as a diluent, and of 
the purified poliovirus suspension was determined 
spectrophotometrically by the standard orthotolidiie- 
arsenite method (2). Spectrophotometry was carried 
out with a Gilford model 250 dual-source spectropho- 
tometer Jitted with digital readout. 

Buffer solutions. Aqueous .aolutions of 0.5 M mon- 
obasicsodium phosphate (A) and 0.5 M dibasic sodium 
phosphate (B) were prepared in chlorine demand-free 
distilled water, autoclaved for 30 min. and stored at 
4°C. Forty-milliliter buRers having the desired pH 
were prepared from A and B as follows (16): for pH 
6.0.36.08 n-d of A-and 4.92 ml of B; for pH 7.6, 15.6 mJ 
of A and 24-4 ml of B; for pH 7.8.3.4 ml of A and 36.6 
ml of B; for pH 10.0. 40 ml of B. After mixing, the 
solutions were diluted to 460 ml with water. For the 
pH 10 buffer, 46 ml of B was diluted to 408 ml. and 
the pH was adjusted with a small volume (0.32 ml) of 
2 M NaOH. 

SDS. An aqueous solution of 20% SDS (Sigma) wag 
prepared and auteclaved. 

PEG. A solution of PEG 6ooo (Fisher ScJJntitic Co.) 
was prepared by dissolving 126 g of the pol~ymer in 360 
g of distilled water containing 24.93 g of NaCJ and 
autocbaved. 

Potassium chloride. An aqueous sdutio~ of 3 M 
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50 dual-source spectmpho- 
-eadout. 
IUR solutions of 0.5 M  man- I 

.) and 0.5 M  dibasicsodium 
rd in chlorine demand-free r 
for 30 min. and stored at 8 

s having the desired pH 
B as follows (16): for DH 

i 

nl of B; for pH 7.0.15.6~rnl 
! 
’ 

H 7.8,3.4 ml of A and 36.6 I 
11 of B. After mixing, the 
30 ml with water. For the 
~asdihrtedto4OOml,and ; 
small volume (0.32 ml) of 

n of ZOR, SDS (Sigma) was i 

BOO (Fisher Ecientifii Co.) t 
LU)gofthepolymerin3 : 
ring 24.93 g of NaCL and 

1 aqueous sotution of 3 M  i 
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KC1 (Fisher Scientific Co.) was prepared and auto- 
claved. This reagent was used to precipitate the SDS. 

Chlorine demand-free glassware. Preliminary 
experiments showed that the use of chlorine demand- 
free glass- and metalware is essential for maintaining 
a constant concentration of chlorine during the exper- 
iments Therefore, all glassware was tirst treated with 
chromic acid and washed with detergent. Then the 
glassware and metalware were soaked with 18chlorine 
water, scrubbed with water, rinsed with chlorine de- 
mand-free distilled water, dried, and auto&&. 

Viral inactivation kinetics experiments. Exper- 
iments for the kinetics of innctivation of poliovirus 
type 2 were performed by using a kinetic apparatus 
(32). Thb apparatus consisted of six stainless-steel 
kakers of 600-ml capacity, a water bath, a them-m- 
regulator, and six stainless-steel stirring rods con- 
nected to an overhead stirring device. Two beakers 
containing control solutions were used to determine 
the effects of the temperature and pH of the medium 
on virus inactivation. The remaining beakers con- 
tained test solutions. The solutions in all beakers were 
stirred thmughout the experiment and maintained at 
the desired temperature in the carefully regulated 
water bath. A known volume of the stock solution of 
chlorine or CAT and 40 ml of a mixture of the two 
phosphate solutions (0.5 M  each) were added to all 
beakers except the one used aa a temperature control, 
which contained the same volume of water. Next, the 
solution was diluted to 399.5 ml with sterile. chlorine 
demand-free water. The actual timed experiment be- 
gan at the inoculation of the test virus (0.5 rnB into 
the rapidly stirring (I66 rpm) solutions. Five-nGBihter 
portions of the solutions containing CAT or chlorine 
were withdrawn at definite contact time intervals and 
mixed immediately with 5 ml of thiosulfate. The con- 
centration of thiosulfate solution used was adjusted to 
neutralize the toxic effecta of CAT or chlorine without 
leaving excess residual thiosulfate which was toxic to 
cells (I.15 ppm of Na&O, (I.15 mg of Na&Q,per 
bter]/ppm of CAT, 4.45 ppm of Na&Os/ppm of chlo- 
rine) used for virus assay. In addition, since complete 
neutralization of the reactants was not observed at 
alkaline pH, the thiosulfate solutions used under these 
conditions were prepLea in -0.04 M HCl. In the case 
of control solutions, the toxic thiosulfate solution was 
replaced by the same volume of water, since control. 
studies showed that this variation had no effect on 
virus titers obtained. 

For each experiment, the time required for 99% 
inactivation of the virus and the rust-order rate con- 
stant., k/, were calculated from the initial linear part of 
the curve. 

RESULTS 
Inactivation of poliovirus type 2 by CAT. 

The kinetics of inactivation of poliovirus type 2 
by CAT was investigated at several concentra- 
tions oftbe reactant. Assuming that inact.ivatioiI 
of the virus is due to a chemical reactionbetween 
CAT and some susceptible site of the virus es- 
sential for infectivity, the kinetic laws of bio- 
molecular reactions should be followed. Since 
CAT was used in great excess, pseudo-first-order 

due to reactions between chlorine 
did not result in inactivation of some 
particles. Similar to chlorine, the firs 
CAT inactivation plots obtained by 

A = TCIDm) versus time 

99% inactivation at pH 6.0. 7.0, 
higher the CAT concentration, t,h 
the duration of the tint part of 
fact, at low CAT concentrations 
mg/liter, the two-stage inactivntio 
appear in Fig. 1. Furthermore, a 
versus log [CAT] (molarity) gave a st 

0 2G 40 6G m 
lime lminu:es)+ 

FTC. 1. Kinetic.9 of inac~ivarion of& tills &7x 
2 at the indicated concentrations of CAT pH 6 and 
5°C (where n/m equals Ike survivdng fra 

4 
ion). 
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'JTA~LY. 2. Effecf of CAT concentration undpH o/t &he rute of imwtwdron ofpoliouu-us fype P  in water at 
.5”C 

--.- 
CAI’ c~ncn pH 6 pH7 pH 7.8 pH lfr 

___-__-_ _ ~ ____- .-_---- - . . -.--. - 
mg/lirer M  W  10’) Time* k, IX Id, 

imin) Is- 9 Time (hl k, Ix IU'I Tirnc,h, k, Ix 11-t’) fc, (X 107 
IS“) (5 1 Tinw (h) la ‘1 __- .-_.-._ . --- .- - - ._ --_ 

10 0.355 78 0.98 4.35 2.94 8.1 1.58 33 3.88 
20 0.71 34 2.26 5.5 2.,X? >8 
40 1.42 14 5.29 1.35 9.48 4.8 2.67 >6 
60 2.13 I1 6.98 I 12.79 2.62 4.68 27.1 4.54 

fl The curves at pH 10 showed more scattering than at other pH’s. so calculated ~xmu~cters are less reiirble 
here. 

” W %  inactivation t ime 

---_ 

12 16 20 24 
tcg 7wnebm"ICSI - 

26-pH's7. 
78 

Frc. 2. Time-concentration relationships for 99% 
inactiwfion ofpoliouirus trpe 2 UI dif/erwrtpWs and 
5” C (Lvg-ifg scale). 

with a slope equal to 1.1 (Fig. 3). establishing a 
first-order dependence on the disinfectant con- 
centration at pH 6 and 5°C. The same trend was 
observed at pH 7.0 and 7.8 (Table 3; Fig. 3). The 
deviation from unity may have been due to 
experimental error or to a change in mechanism 
at higher pH. Deviations of a similar magnitude 
have been observed previously for aqueous dis- 
infectants (22). 

Effect of pH on the inactivation rate of 
poliovirus type 2. The kinetics of inactivation 
of poliovirus type 2 by CAT at pH 6.0, 7.0, 7.8. 
and 10 were also two stage (Table 2). The inac- 
tivation rate decreased linearly with increase in 
pH, whereas the 99% viral inactivation time 
increased proportionately with increase in pH. 
Furthermore, at a CAT concentration of 10 mg/ 
liter, a plot of log k, versus pH gave a straight 
line with a slope of -0.5. showing that the order 
with respect to [OH-] was a negative fraction, 
whereas the order with respect to [H’] was a 
positive fraction (Fig. 4). The same trend was 
noticed at higher CAT concentrations of 40 and 
60 mg/liter (Table 3; Fig. 4). 

Effect of temperature on the rate of in- 
activation of poliovirus type 2. The kinetics 

TABLE 3. Or&r of the inocticntton reaction of 
poLiovcrns &pc 2 with CAT at .5X’ 

CAT (mg/B- Order with re- 
Led spect to [H’] FH 

Order with IP 
spect to [CAT] 

.- - 10 0.47 6.0 ’ CiO~ 
40 0.72 7.0 0.86 
60 0.64 7.8 0.60 

1 
16- 

? 1.2- 
2 

3 

:o.s- 

04- 

OL ‘0.4 
0.4 0.8 1.2 1.6 

5+Loa(CATj ----o 
FIG. 3. Plots of kg k, lper second) versus log 

[CAT] (molar) at the indicntedpH and VC. 

of inactivatioli.of poliovirus type 2 by CAT (IO, 
mg/liter) at pH 6 (0.05 M  phosphate) was deter- 
mined at different $emperatures The 99% vimi 
inactivation time and kl were calculated, and an 
Arrhenius plot (Fig. 5) was obtained by plotting 
log kt against l/T (reciprocal of absolute tem- 
perature). Table 4 shows the kinetic, Arrhenius. 
and thermodynamic parameters evaluated in the 
standard manner (10). 

The data in Table 4 include the values of 
kinetic parameters (99% inactivation time and 
first-order rate constant), Arrhenius parameter 
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$rrhenius factor A), and thermodynamic pa- 
rameters (enthalpy of activation. entropy of ac- 
tivation, and free energy of activation) obtained 
at four temperatures. However, Arrhenius and 
:hermodynamic parameters were calculated 

5 6  7  8  9  10  
PH--, 

FIG. 4. Pi&s of log k, (per second) versus pH of 
the mediwn for the indicated concetttrafions o/CAT 

2.C 

1.E 

! 
1 1.6 
; 

fl.4 

* 
1.2 

10 

O.B’--- 
32 33 34 35 36 

IO’/T I’K) - 

FTC. 5. Arrheniuspbt of log k, (per second) versus 
reciprocal of absolute tempera&n? far 10 vtg of CAT 
per liler al pH 6. 

based on the value of energy of acti 
(where E. is 2.303 x the ideal gas c 
x  slope of Arrhenius plot) determir 
35°C. The low values of E,, and then 
parameters, including a negative va 
tropy of activation, suggest that pol 
activation by CAT does not involve t 
of many hydrogen bonds (5, 6, 12.13: 

Inactivation of poliovirus type 
rine. For comparison with CAT, th 
tion of poliovirus type 2 by HOC1 
chlorine per liter) at pH 6 was obser 
different temperatures, 5 and 10°C 
alkaline pH’s, 7.8 and 10. Kinetic CI 
obtained by plotting log n/no against 
6). It can be hypothesized that the 
inactivation obey a pseudo-first-orde 
Table 5 gives the kinetic, Arrhenius, 
modynamic parameters determined f 
and similar inactivation studies at 1 
not shown). It is interesting to not’ 
general shape of the kinetic curve of 
similar to that of CAT. 

DISCUSSION 

The overall significance of these stu 
CAT may be a useful disinfectant for 

t :: 
e  :\ c -6 

3  
(b) pH 7.6 Id PH 10 

.BL * . ' ' ' ' 04  a  12 16 0 4 8 
Time (minutes) A  

FIG. 6. Kinetics of inactivation of pob 
2 by 0.5 mg of chlorine per liter at the in 
wwi 5°C (wkere n/n0 equals the surviuing 

j TABLE 4. Kinetic, Arrhcnius. and thennodyncunic parameters for the inactivation of po~u~~s 
! CAT in watti 

: Temp (“C) ““;i~?$?;m k, (x W)  (s-‘) log A AH# (ked/mol) As* ml.) Aa 

5  78  0.984 8.23 13.76 -26.73 
15 30 2.559 8.27 13.74 -20.64 
25 13 5.965 8.26 13.72 -20.75 
35 6  12.791 8.26 13.70 -20.81 

* CAT concentration. IO mgjliter. pH 6. E,, 14.31 kcal/mol; A. Arrhenius factoG AH*, enthalpy 01 
. ds$, entropy of activation; AC+, free energy of activation; e.u.. entmpy unite. I cal =  4.185 J. 
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T~~,,E 5. Kinetic, ,k&nius, and thermodynamic par-ters fur the inactivation ofpotiocirw type 2 
chhine in u:crtef 

Temp (“0 ‘5?l% inocrivation 
l ime (min) k, (X IO’, ts-‘) lay, A  tilt Od/moU As* (ml.) AC+ Ikcsh 

.- __---- -- -.._. -- 
5 3.5 2.193 9.58 14.73 - - 13.07 18.36 

10 2.15 3.571 9.fic) 14.72 -13.10 18.43 

* Chlorine concentration. 0.5 mg/liter, pH 6. Ea. 15:2R kcd/mol. Abbreviations as in l’able 4. 

ing pokhn~s in slightly acidic (around PH 6) 
water. The experimental redts suggest that the 

2 by CAT in acid conditions: 

overall reaction for the inactivation Of poliovirus 
type 2 by CAT is complex, being first order with RNCl- + H’ $&Ha; fast 

respect to the virus (P) and CAT, each having 
a fractional order with respect to [H’ 1 or RNHCI + P 2 x; slow 
[OH-]. The rate laws are given by equations 1 
and 2, where rates are designated by VI and u:, 
and the rate constant. are designated by h and 

X 2.E, slow and rate determining 

k’, for acid and alkaline conditions, respectively. ha 
RNHCl + X’ 3 Pi + products; fast 

V, = It, [P] [CAT] [H’p (acid conditions) (1) where P; is the inactivated poliovirus and X 
vl = k’, [PI [CATJ/[OH-r’ (alkaline conditions) (2) X’ are activated complex and reaction iatei 

The reaction mechanism responsible for the 
diat,es, respectively. Considering the fmt 

inactivation of poliovirus type 2 by CAT in acid 
equilibrium reactions (given above) and 

medium was arrived at as follows. Bishop and 
expression for total concentration of CAT (et 

Jennings (4) have shown that CAT (C&-C&In- 
tion 6). the rate expression is obtained a 

SOzNCINa; RNCINa) behaves like a strong elec- 
equation 7: 

trolyte in aqueous medium, dissociating as: [CATJr = [RNCI-1 + CRNHCll+ [q 
RNClNa G= RNCl- + Na’ (3) K&k, IPI [CATIT IH‘I 

The protonation of the anion in acid solutions ” = I+ K, [H’] + KIKZ [H-l [PI 

gives the free acid, RNHCl, as follows: Since K2 is small, the following equatior 
RNCI- + H’ zz RNHCI; K = 3.8 x IO’; 25°C (4) could be obtained by making the reason 

Although the free acid has not been isolated, 
&sumption Kl [H’J Z- KlKz [H+] [PI: 

there is ample experimental evidence for its CR& [PI [CATlr CH’I 
existence iu acidic solutions (17). Bishop and 

v= 
1+ K, [H’] 

Jennings have shown that in a 0.05 M  solution 
of CAT, [RNHCI] = IO-* in the range of pH 0 to 

k [PI [CA’%  [H’l or v = 
I, whereas [HOC11 = lo-‘. In aqueous alkaline 

1 + K, [H+] 

medium, CAT undergoes hydrolysis to form 
RNHCI as follows (4,26): 

where k = K,K2k3 and o is the rate of inac 
tion Based on similar arguments and consi 

RNCl- + Hz0 z= RNHCl + OH- (5) ing a similar mechanism, a similar rate exl 
sion for alkaline conditions can be derived 

It has been proposed by Mahadevappa et al. (26) 
that RNHCI, in fact, is the main reactive species 

tails will be published elsewhere). 

-for the alkali-retarded chloraminometic reac- 
The observed fractional order dependent 

tions Therefore, RNHCl. the acid form of CAT, 
[H’] can be explained by equation 9. The o 
sion of the first term makes the order 

ia most likely to be the main reactive species in 
both acid and alkaline media. The possibility of 

respect to [H’] zero whereas omission of 

0th species of CAT, such as RNCIS (dichlora- 
second term produces an equation with oK 

mine-T) and HOC1 in acidic solutions and OCl- 
for [H+], ahowing that the reaction actuall) 

and FWX (CAT) itself in alkaline solutions, 
crates between the two values. The prop 

being the reactive species can ba discounted 
machanisrn and the derived rate law (equa 

bas+d on the experimental results. We propose 
9) are in agreement with the experimenta 

the following mechanism to account for the ob- 
s&s (equation 1). The proposed mechanism 
assertion that RNHCI is the active form of ( 

served kinetics of inactivation of poliovirus type in both acid and alkaline media are consis 
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/poIiooirlIs type 2 by 

7 18.36 
1 18.43 

‘able 4. 

:NHCI; fast (9 

x; slow (ii) 

determiniig (iii) 

products; fast (iv) 
diovirus and X and 
1 reaction interme- 
*ring the first two 
1 above) and the 
tion of CAT (equa- 
is obtained as in 

‘IHCI] + [Xj (6) 

‘IT IH’I 
am-m 

(7) 

Ming equation (8) 
tg the reasonabIe 
H’] [PI: 

1~ [H’l 
I - (8) 

IF1 
f 1 (9) 

? rate of inactiva- 
nts and consider- 
nilar rate expres- 
n be derived (de- 
re). 
?r dependence on 
tion 9. The omis- 

the order with 
omiasioa of the 

Son with order 1 
tion actually op- 
3. The proposed 
te law (equation 
?xperimentd re- 
! mechanism and 
ive form of CAT 
a are consistent 
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wjth the fact that the rate constant in acid 
inactivation by CAT is much higher than for 
alkaline inactivation. 

The most likely interaction of CAT with in- 
fectious virus that leads to the virus inactivation 
can be determined from the Arrhenius and ther- 
modynamic parameters. The values of these pa- 
rameters (Table 4) determined for the inactiva- 
tion of poliovirus type 2 by CAT are compatible 
with those of denaturation of the ribonucleic 
acid (RNA) of viruses (12. 13). The low values 
of energy of activation (14.31 kcal/mol [59.89 
kJ/mol]), enthalpy of activation (13.73 kcal/mol 
157.46 kJ/mol]), and free energy of activation 
(19.81 kcal/mol[82.91 kJ/molJ) and the negative 
value of entropy of activation (-20.73 entropy 
units [-86.‘i6 J/deg-mol]) are in agreement with 
the values of Ginoza et al. for denaturation of 
RNA (12,13). This would suggest that somehow 
CAT (and also chlorine) may interact with RNA 
of the virus rather than with protein, perhaps, 
as Ginozn (12) has suggested, by forming pho& 
photriester bonds with subsequent hydrolytic 
cleavage of the RNA chain. 

In contzlusion, these experiments indicate that 
(i) a clear dose-response relationship between 
CAT concentration and the virus inactivation 
rate, first order with respect to [CAT], can be 
demonstrated; (ii) the rate of the viral inactiva- 
tion is pH dependent (faster in acid than in 
alkaline medium), having a fractional order with 
respect to both w’] and [OH-]; (iii) the kinetic 
reaction is fast order with respect to the virus; 
liv) certain anomalies in relation to virus inac- 
tivation by CAT may be associated with varying 
reactive species of CAT that may be formed. 
under varying experimental conditions and rei 
late to virus clumping and disaggregation under 
varying c’onditions; (v) the mode of attack by 
CAT species may be through the denaturation 
of the viral RNA; and (vi) CAT may be an 
effective viricide against poliovin~ type 2 in acid 
rather than alkaline media. In addition, these 
studies suggest that CAT may be a suitable 
replacement for chlorine in the disinfection of 
sIightly,acidic waters. 

With regard to the pH of drinking and waste- 
water, the waters of some rivers and lakes which 
receive acid’zain and acid industrial and mine 
wastes tend to have fairly low pH’s. For example, 
the pH of a stream of water near Johannesburg 
(U.K.) was found to be between 3.7 and 4.8 (23). 
Hence, it would be easier to adjust to pH 6 
rather than a more alkaline pH before disinfec- 
tion. Conventional sewage treatment has been 
found to be efficient in the acid range. It was 
shown in the United Kingdom that treatment of 
Bradford sewage with activated sludge gave the 

best results at pH 6.0 to 6.5 (24). ’ 
may be certain instances in which 
should be carried out in slightly acid 
such circumstances, the use of CA 
favored. 
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An Outbreak of Gastroenteritis in a Home 
for the Elderly Associated W ith Astrovirus 
Type 1 and Human Caiicivirus 
J.J. Gray, T.G. Wreghitt, W.D. Cubitt, and P.R. Elliot 

Clinical Microbiology and Public Health Laboratory, Addenbrooke’s 
Hospital, Cambridge CB2 2QW (J.J.G., T.G. W.); Public Health Laboratory 
and Department of Microbiology, Central Middlesex Hospital, London 
NW 10 7NS (W.D.C.); and The Health Centre, Buntingford, Herts (P.R.E.), 
England 

We describe an outbreak of gastroenteritis. which lasted for 22 days in a residential 
home for the elderly. The outbreak was biphasic and affected 34/42 (80%) residents 
and 13/29 (44%) members of the staff. Calicivirus was associated with cases of illness 
during the first 9 days of the outbreak, and astrovirus type I with cases arising between 
days I6 to 22. Although the symptoms were generally mild, the resources required and 
the inconvenience caused were considerable. 

Key words: old people’s home, biphasic iUness, faecal viruses 

I 
INTRODUCTION 

Several viruses may cause gastroenteritis in closed communities. These include 
rotavirus, calicivirus, astrovirus, and the small round viruses [Kapikian et al, 19801, 
Caliciviruses and astroviruses cause infantile gastroenteritis in particular [Cubitt, 1985; 
Ashley et al, 19781. However, few outbreaks associated with these viruses in the elderly 
have been recorded [Cubitt et al, 1980; Watkins, 19841. 

1 
THE OUTBREAK 

Over 22 days, 34/42 (80%) residents and 13/29 (44%) members of the staff at an 
old people’s home were affected with an illness characterized by vomiting, diarrhoea, and 
abdominal cramps. The illness lasted for 48 hours, but in 4 of the residents, who appeared 
to have recovered, similar symptoms recurred 7 to 10 days later. The number of cases 
reported during the outbreak is shown in Figure 1. Between January 20 and 28, 1985,41 
cases of illness were recorded. Over the following week no new cases were reported, and it 
was thought that the outbreak was over. Between February 4 and 10, however, a further 
13 cases arose. The pattern of the outbreak sugge&d person-to-person transmission. 

I 
I Accepted for publication March 10. 1987. 
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TABLE I. Detection of Antibodies to Astrorirw Tvw 1 bv Immune Electron Microscoov 

Days 

m Caiicivirus seen 
m Astrovirus seen 

Fig. I. Onset of illnesses in an outbreak of calicivirus and astrovirus infection in a residential home for the 
elderly. 

MANAGEMENT 

Environmental health officers visited the home on two occasions and instructed the 
staff about precautions they should take. General hygiene and good food handling 
techniques were emphasized. The home was closed to visitors and the admission of new 
residents halted. The community “meals-on-wheels” service, which was based in the home, 
was suspended and an attempt was made early on in the outbreak to confine affected 
residents to one part of the building. These measures had little effect and new cases 
continued to occur. The last case was recorded 22 days after the onset of the outbreak. The 
home was reopened 10 days later; no further cases were reported. 

LABORATORY INVESTIGATIONS 

Specimens of faeces collected from those affected and samples of food, milk, and 
water were examined for the presence of bacterial pathogens by means of routine 
bacteriological methods. Similar specimens from 9 residents and 2 staff members were 
examined by electron microscopy to determine whether a virus might be the causative 
agent. Briefly, faecal samples were suspended in phosphate-buffered saline and clarified 
by low-speed centrifugation (5,000 g for 10 minutes). The supernatants were collected and 
centrifuged at 150,000 g for 1 hour in an ultracentrifuge. The resulting pellets were 
resuspended in potassium phosphotungstic acid (pH 6.3, placed on a carbon-formvar 
coated copper grid, and examined at a magnification of 50,000x in a JOEL JEM- 100 CX 
electron microscope. 

Acute and convalescent phase serum samples were obtained from 9 residents and 1 
member of the staff. Convalescent phase samples were also collected from a further 2 
raii senr to tne 
Central Middlesex Hospital for further studies. The faecal extract was purified on a 

Case 
%lT(S) or 
resident (R) 

Symptoms 
Days Days 
l-10 11-22 

Antibody titer 
Acute Convalescenl 

1 R YS Yes Astrovirw 20 >640 
2 R Ye Y= NA 20 320 
3 R no Y= Astroviru9 <20 >I60 
4 R no Y- NA <20 >I60 
5 R Yes Yes Calicivirus <20 <20 
6 It Ye no NA <20 <20 
7 R YS no Negative 20 - 40 
8 R Ye “0 NA <20 c20 
9 R Y- no NA <20 c20 

IO R Yes no Calicivirus NA <20 
11 R Yes “0 NA NA 20 
I2 S yes no NA 40 40 
I3 S Y-= no NA Nh 40 
14 S Yes no NA NA <20 

NA - Specimen not available. 

Metrizamide density gradient and fractions examined in a Philips EM 201 microscope for 
the presence of astrovirus and calicivirus particles. *\:,, 

RESULTS 

Bacteriological examination of food, milk, water, and faecal samples from affected 
persons failed to reveal an etiological agent. Electron microscopy, however, revealed virus 
particles in 6/9 faecal samples collected from elderly residents. Caliciviruses were seen in 4 
specimens collected between January 20 and 28 and astroviruses in 2 specimens collected 
between February 4 and 10. 

The astrovirus was identified by immune electron microscopy [Cubitt et al, 19791 by 
means of hyperimmune antiserum raised in rabbits against astrovirus types 1 to 4 (kindly 
provided by Dr J. Kurtz, Public Health Laboratory, Oxford). Since only a few calicivirus 
particles were detected, it was not possible to type them. However, serological teats were 
performed by immune electron microscopy [Cubitt et al, 19791 with purified astrovirus 
type I. 

Serological tests revealed that 4 residents had a greater than fourfold rise in antibody 
titer to astrovirus type 1 (Table 1). Two of these residents had been shown to be excreting 
astrovirus in their faeces. None of the residents or staff members who were aKected 
exclusively in the first 10 days of the outbreak had evidence of recent infection with 
astrovirus. This, together with the results of electron microscopy, suggest that the 
calicivirus was the probable cause of the initial outbreak of diarrhoea and vomiting (days 
l-10) and astrovirus type 1 for the second episode of illness. 

DISCUSSION 

The origin of the outbreak is obscure. Food, milk, and water were tested for bacterial 
contamination but not for the presence of viruses. Food as the major source of infection is 
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unlikely if one examines the epidemic curve (Fig. 1). If a contaminated meal had been the 
source of infection, one would have expected to have seen a peak of infection within 48 
hours rather than the steady build up of cases over several days. Furthermore, the kitchens 
were also used by the local authority for the community “meals-on-wheels” service. This 
was suspended a few days after the onset of the outbreak, but cases of gastroenteritis were 
not recorded among the people it served. 

The pattern of infection and the presence of secondary infections among the families 
of affected staff members suggest person-to-person transmission. It is possible, however, 
that one or both viruses were introduced into the home on food prepared by an infected 
visitor or member of the staff [White et al, 1986; Appleton, 19791. Among the initial three 
cases reported, two were members of the staff who were presumably in contact with the 
residents while incubating the disease. Throughout the outbreak, members of the staff 
continued to become ill and it was reported that because of the shortage of staff members, 
many returned to work while still unwell. Residents shared a communal dining room and 
mixed freely in several lounges and, although most had single rooms, they shared bathing 
and toilet facilities. 

Children whose parents worked in the home had free access and often helped with 
the residents at meal times. Two members of the staff did report illness in their children at 
the time of the outbreak. Both children had diarrhoea and vomiting on January 29 and 30 
(day 11 and 12) at a time when new cases were not reported at the home. Since specimens 
were not collected from the children, it is impossible to say whether they acquired a 
calicivirus infection from their parents or had an astrovirus infection that was subsequently 
introduced into the home or, indeed, whether their symptoms were due to infection with 
either of these viruses. 

Although the symptoms of illness were generally mild and all those affected 
recovered, the resources used and the inconvenience caused were considerable. In one 
general practice the doctors visited patients daily, if not several times a day. A district 
nurse was called full-time to work in the home during the outbreak and agency nurses had 
to be employed to cover for those staff members who were ill. The community 
“meals-on-wheels” service had to be transferred to a school kitchen since early on in the 
outbreak a food-borne infection could not be ruled out. The services of two environmental 
health officers, a district community physician, and three laboratories were required in an 
effort to determine the cause and subsequently to control the outbreak. 

Outbreaks of diarrhoea and vomiting in the elderly are common. In recent years, 
many have been associated with rotavirus infections [Cubitt, 19821. As far as we are 
aware, there is only one report of calicivirus [Cubitt et al, 19801 and one relating to 
astrovirus [Watkins, 19841 causing problems in this age group. This study emphasizes the 
impact that these viruses can make in confined communities. There is a need to develop 
simpler but sensitive and specific diagnostic techniques as an alternative to electron 
microscopy so that the true size of this problem can be established. 
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The proteins of the Norwalk virus were studied by polyacrylamide gel electro- 
phoresis. Highly purified specifically immunoprecipitated virions appeared to 
contain a single primary structural protein with a molecular weight of 59,000. In 
addition, a soluble Norwalk viral protein with a molecular weight of 30,000 was 
identified in fecal specimens containing Norwalk virus. The protein structure of 
the virion is similar to that of the Calciviridae family. 

The Norwalk virus is the best-characterized 
member of a group of small noncultivatable vi- 
ruses that cause acute epidemic gastroenteritis 
in humans (21). Infection with Norwalk virus is 
common; seroepidemiological studies have 
shown that antibodies to the Norwalk or anti- 
genitally related viruses are found in more than 
50% of adults around the world (4, 7). 

The virus is a frequent cause of gastroenteritis; 
it has been associated etiologically with 24 of 70 
separate outbreaks of nonbacterial gastroenter- 
itis which have occurred over the past decade 
(8,9; H. B. Greenberg, R. G. Wyatt, A. R. Kalica, 
R. H. Yolken, R. Black, A. Z. Kapikian, and R. 
M. Chanock, in M. Pollard, ed., Perspectives in 
Virology, in press). Studies with volunteers have 
shown that the Norwalk virus can be serially 
transmitted and that in this experimental setting 
it causes a disease identical to the illness ob- 
served during natural outbreaks (6). By immune 
electron microscopy, Norwalk virus has been 
shown to be shed briefly, coincident ‘with the 
peak of gastrointestinal illness (18). There are 
several other antigenically distinct small .gas- 
troenteritis viruses which resemble the Norwalk 
virus morphologically and epidemiologically 
(21), but these agents have been studied. less 
thoroughly. 

_’ 
Despite the clinical importance of Norwalk 

virus and its antigenically distinct relatives, in- 
vestigation of these agents has proven difficult. 
None of these small gastroenteritis viruses has 
been successfully cultivated in vitro, and only 
humans and chimpanzees have been shown to 
be susceptible to infection (20). Norwalk virus is 
shed in the feces in rather small quantities (at 
least lo- to 50-fold less than is hepatitis A virus 
when particle-rich fecal specimens are compared 
[unpublished data]), and the shedding period for 
Norwalk virus is brief (18). 

Because the Norwalk virus has not been suc- 
cessfully cultivated in vitro and is shed only in 
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limited amounts, it has been difficult to purity 
and hence classify. This is also true for the other 
Bntigenically distinct 27-mn gastroenteritis 
agents. In an effort to aid in the classification of 
the Norwalk virus, we have attempted to char- 
acterize its proteins. 

MATERIALS AND METHODS 

Virus. Norwalk virus and viral protein were iso. 
lated from a single diarrheal stool of a volunteer ex. 
perimentally infected with the agent. This particle 
positive stool was used because it contained the high- 
est concentration of antigen, as assayed by radio& 
munoassay (RIA), in a survey of sequential stools from‘ 
more than 30 ill volunteers. Partially purified feline 
calicivirus (vaccine strain F-9) was kindly furnished by 
Frederick Schaffer, Naval Bioscience Laboratory, Uni-- 
versity of California, Berkeley. This calicivirus was 
iodinated and immunoprecipitated in a manner similar 
to that used for the Norwalk virus and Norwalk pro- 
tein preparations. 

Antisera. Preinoculation and 4-week convalescent 
sera from two volunteers experimentally infected with- 
Norwalk virus, as well as acute-phase and convalescent 
sera from a child naturally infected with a gastroen-- 
teritis virus antigenically related to Norwalk virus (2), 
were used for immunoprecipitation. Paired anti-Nor- 
walk sera were selected for having little or no measur- 
able antibody in the preinfection or acute-phase spew-. 
imen and a high titer in the convalescent specimen. 
Hyperimmune feline antiserum to feline calicivirus F- 
9 was kindly furnished by James Gillespie, Cornell 
University, Ithaca, N.Y. 

RIA. RIA for Norwalk virus antigen or antibody- 
was performed as described previously. The assay ~89 
shown to be both sensitive and specific (9). 

Virus purification. A 10-g amount of diarrlreal 
stool was suspended in 40 ml of TN buffer (0.01 M 
Tris, 0.15 M NaCl, 0.05% sodium axide, pH 8.0). An 
equal volume of trichlorotrifhioroethane (Genetron 
113) was added to this suspension, and the mixture 
was homogenized for 1 min. Then the preparation Was 
centrifuged (4,000 x g for 5 min) in a Sorvall GSA 
centrifuge rotor. The aqueous supematant was de- 
canted, and the Genetron layer and interface weis 
reextracted twice more with TN buffer. The pooled 
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:a@ rnatants (approximately 120 ml each) were cen- 

aged (96,300 x g for 12 h) in an SW27 rotor. The 
@r-speed supematant was carefully decanted and 
#ved (see purification procedure described below). 

:.Qe crude stool pellet (Pl) was suspended in 10 ml of 
-;M buffer and repelleted through 3 ml of 30% (wt/vol) -.I ~-~crose at 150,000 x g for 6 h in an SW40 rotor. The 
+~~pernatant was discarded, and the pellet (P2) was 
!z+pended in 2 ml of TN buffer and layered on top 
.z,f a 1.2- to I&-g/cm’ discontinuous cesium chloride 
;@lient and centrifuged at 150,000 X g for 18 h in an 
3~40 rotor. Fractions (1 ml each) of the gradient were 
?&,llected and assayed for Norwalk virus antigen by 
~EI.A. The vu-ion-associated peak fractions (fractions 4 
-e&l 5, Fig. 1) were pooled, diluted approximately 
$aold, and pelleted (150,000 X g for 4 h in an SW40 
$br). The pellet (P3) was suspended in 0.4 ml of TN 
wr and layered on a continuous 10 to 30% (wt/vol) 
&crose gradient with a l-ml, 1.6-g/cm3 cesium chlo- 

e cushion and centrifuged at 100,000 X g for 90 min 
an SW40 rotor. Fractions (Wo ml each) were col- 

and assayed for Norwalk antigen activity by 
“‘RIA (Fig. 2). The peak fraction (fraction 16, Fig. 2) 
&as taken and layered on a continuous 30 to 60% (wt/ 
gl) Renografim (Squibb) gradient in TN buffer and 
&entrifuged for 15 h at 150,000 x g in an SW40 rotor. 
@ractions (0.6 ml each) were collected and assayed for 
&tigen activity by RIA (Fig. 3). The peak fraction 

diluted fivefold in TN buffer 
X g for 5 h in an SW56 rotor. 

uspended in 106 fi of 0.25 M 

soluble Norwalk virus pro- 
-speed supematant (120 ml; see 

e), which remained strongly positive for Norwalk 
A, was recentrifirged for 18 

g in an SW27 rotor. The supematant 
efully collected and concentrated ap- 
O-fold by pressure dialysis, using an 
filter. A 5-ml amount of the 10x high- 

supematant was layered onto a gel filtration 
(2.6 by 100 cm; G-260 SephacryI superfine; 

hG. 1. Cesium chloride buoyant density gradient 
nditions of centrifugation and 

r-us were as described in 
were pooled and used for 
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FIG. 2. Rate zonal sedimentation of Norwalk vi- 
rions in 10 to 30% sucrose gradient. Conditions of 
centrifugation and viral preparation were as de- 
scribed in the text. Fraction 16 was used for ficrther 
virion purification. 
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FIG. 3. Renografin buoyant density gradient of 
Norwalk virion. Conditions of centrifugation and 
viral preparation were as described in the text. Frac- 
tion 7 was used for iodination and immunoprecipi- 
tation studies. 

Pharmacia Fine Chemicals) which was run at a flow 
rate of 20 ml/h with TN buffer. The column elution 
profile was calibrated with Pharmacia low- and high- 
molecular-weight standards. Fractions (4 ml each) 
were collected, and each was assayed for Norwalk 
virus antigen by RIA. The peak eight fractions were 
pooled (fractions 50 to 57, Fig. 4), concentrated lO- 
fold, and dialyzed against 0.005 M phosphate buffer 
(pH 8.0) by using an Amicon PM10 filter. The concen- 
trated peak fractions from the Sephacryl gel filtration 
were then layered onto a DEAE-cellulose (Whatman 
DE 52) column (1.5 by 30 cm). A stepwise discontin- 
uous molar phosphate buffer (pH 8.0) gradient (0.007; 
0.016, 0.031, 0.06, 0.12, 0.25, and 0.5 M) with 20-ml 
steps was used to elute the Norwalk virus antigen. 
Fractions (5 ml each) were collected and assayed for 
Norwalk virus antigen by RIA. The peak fractions 
were pooled and concentrated lo-fold as before and 
equilibrated back to TN buffer. By RIA, greater than 
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FIG. 4. Sephaql G-200 fine column chromatog- 
raphy of Norwalk virus-soluble viralprotein. Condi- 
tions of e&ion were as described in the text. Frac- 
tions 50 to 57 were used for further purification (ino- 
lecular weight range, 61,000 to 35,000). 

70% of the eluted Norwalk virus antigenic activity was 
contained in the 0.06 and 0.12 M fractions. 

Affinity chromatography. An affinity column 
was prepared using immunoglobulin G from a volun- 
teer known to possess a high level of antibody to 
Norwalk antigen as measured by RIA. Serum from 
this individual was not used in the immunoprecipita- 
tion experiments. A 5mg amount of immunoglobulin 
G was coupled with 1 g of activated Sepharose 4B 
(Pharmacia Fine Chemicals) in NaHC03 buffer (0.1 
M, pH 8.0) at 4°C overnight. The coupled Sepharose 
was then blocked with 1.0 M glycine and equilibrated 
with TN buffer in a Pasteur pipette column. The peak, 
pooled, concentrated fractions from the DEAE-cellu- 
lose purification of the Norwalk virus-soluble protein 
were bound to the affinity column in TN buffer. The 
column was then washed with 30 ml of TN buffer with 
0.01% Nonidet P-40. The Norwalk virus protein was 
eluted from the affmity column with glycine hydro- 
chloride buffer (pH 2.8), and the eluant fractions were 
immediately neutralized (to pH 7.0) with 1.0 M Tris 
buffer, pH 8. The affinity column-purified Norwalk 
virus antigen was again concentrated approximately 
lo-fold and exchange dialyzed with 0.25 M phosphate 
buffer (pH 7.4). 

Iodination of Norwalk virion and soluble pro- 
tein. A total of 4 d of ‘%I (Amersham; 100 /.&i/d; 
carrier-free NaI) and 15 4 of chloramine T (3.5 pg/d) 
in 0.25 M phosphate buffer were added to 20 ~1 of 
purified virion, soluble protein, or feline calicivirus in 
0.25 M phosphate buffer (pH 7.4). After 40 s, 20 ,ul of 
sodium metabisulfIte (4.8 pg/J.d) was added to the 
reaction, and the free iodine was separated Tom the 
labeled protein by gel filtration (Sephadex G-50 me- 
dium) with phosphate-buffered saline. The labeled 
protein was made 1% with fetal calf serum and kept at 
4°C until immunoprecipitation. 

Immunoprecipitation. Serum (8 d), either prein- 
fection, acute phase, convalescent, or, in the case of 
feline calicivirus F-9, hyperimmune antiserum, was 
added to 400 ~1 of labeled Norwalk virion, soluble 
Norwalk virus protein, or labeled feline calicivirus. 

<J. 

After an overnight incubation at 4°C 150 ~1 o f, 
ylococcus aureus A whole cells (Pansorbin ‘> 
ochem.-Behring Corp.) was added to the react 6: 
the mixture was incubated at 37°C for 0.5 
mixture was then centrifuged (10,000 x g for t 
and the supematant was discarded; the S. au ‘71 
irnmunoglobulin-‘251-labeled protein compl e: 
washed twice with 1 ml of phosphate-buffere, d 
and the final pellet was suspended in 200 11101 f 
buffer (0.062 M Tris [pH 6.8],5% mercaptoeth 
sodium dodecyl sulfate, 16% glycerol, 0.0175% 
phenol blue) and boiled for 5 min before elec 
resis. 

Polyacrylamide gel electrophoresis. PC 
amide gel electrophoresis was performed at 
mA on 12% gels by the method of Laemr 
Molecular-weight markers from Amersham 
to 14,300 daltons) were used to estimate the si 
Norwalk virus polypeptides. Autoradiograp wen, 
made by using Kodak no-screen X-ray film. 

. RESULTS I 

separate this virus from contaminating fe 
terial. Even after this purification schem 

seen. This antigen+ peak probab 
residual soluble Norwalk virus pr 

genie activity was present in ev 
we detected Norwalk virus s 
RIA and was independent of 
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2;:. Gel filtration of the concentrated high-speed 
-z&pematant (Fig. 4) showed a heterogenous elu- 
L-tion pattern with antigen detected over a broad 

~~olecular weight range (35,000 to 61,000) with 
>‘peak activity found in the 37,000-dalton range 
YJ(fraction 56). The concentrated gel filtration 
.-?peak of the Norwalk virus-soluble protein was 

zeluted from the ion exchange column at phos- 
l%phate buffer molarities of 0.06 and 0.125 M. =s 
~preliminary affmity chromatography studies 
<disclosed that the soluble protein was rendered 
-2nonantigenic by 4 M guanidine, 6 M urea, 4 M 
ZKSCN, 4 M MgCL, and glycine hydrochloride 
zhuffer (pH 2.4 antl 2.6). However, 0.3 M glycine 
~~liydrochloride, (pH 2.8) removed Norwalk virus 
santigen from the affinity column without de- 
%troying its antigenicity. 
$- Polyacrylamide gel analysis of the virion 
zand soluble protein. Preinfection serum from 
‘:‘a volunteer infected with the Norwalk virus /( 
z.-(RIA anti-N or-walk virus titer, 1:lO) failed to 
Specifically precipitate labeled protein from the 
?virion preparation (Fig. 5). The convalescent * 
&serum (antibody titer, 1:3,200) precipitated a 
.g~single major protein with a molecular weight of 
Y 59,000 from the virion preparation (Fig. 5). In 
p another gel (not shown) the immunoprecipitated 
gbingle structural protein of feline calicivirus was 
f found to have a molecular weight of 65,000, 
$-whereas in the same gel, the Norwalk virion 
giprotein was again found to have a molecular 
&weight of 59,000. Occasionally (not visible in Fig. 
Q 5 or 6), when gels were exposed for 3 to 4 weeks, 
ZtWo additionally faintly visible bands (molecular 
&weights 40,000 and 34,000) were seen in the 
~specifically immunoprecipitated virion prepara- 
&-tion. The single 59,000-dalton protein was again 
$specifically precipitated by convalescent serum 
gfrorn a second infected volunteer and by conva- 
glescent infection serum from a child infected 
$$ring a naturally occurring epidemic (preinfec- 
L&n or acute-phase titer, 1:lO; convalescent titer, 
iI:3,2OO for both pairs) (Fig. 6). 
& A single protein band with a molecular weight 
i. of 30,000 was specifically precipitated from the 
Zsoluble protein preparation with convalescent 
Eanti-Norwalk virus serum from two volunteers 
;A (Figs. 5 and 6). The two preinfection serum 
* specimens failed to precipitate detectable iodi- 
z hated protein from the soluble protein prepara- 
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than 10,000 but less than 100,000. Since in most 
---stools studied more than 50% of the total Nor- 
rwalk virus antigenic activity appeared to be as- 

:~~ciated with the soluble fraction, we attempted 
-to further characterize this activity. The same 
-stool was used for purification of virion and 
z!soluble protein because it contained large 
?srnounts of both materials. 

tion (Fig. 5 and 6). The soluble viral protein was 
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Labelled Soluble Norwalk Labelled Norwalk 
Protein Incubated Virion Incubated with 

with Volunteer Volunteer Serum 
Serum Obtained Obtained 

Pre Post Pre Post 
Infection Infection Infection Infection 

I I 

59K- 

. *4-. +30K 

FIG. 5. Polyacrylamide gel electrophoresis of im- 
munoprecipitated Norwalk virus and viral protein. 
Conditions of gel and immunoprecipitation were as 
described in the text. Antisera used in immunoprecip- 
itation were as indicated in the figure. Molecular 
weights of bands are indicated on the gel. 

also specifically immunoprecipitated (data not 
shown) by convalescent serum obtained from a 
patient with naturally acquired epidemic gas- 
troenteritis caused by the Norwalk virus. 

DISCUSSION 
The Norwalk virus can be considered as the 

prototype of a family of 27- to 30-nm gastroen- 
teritis viruses (10, 21). These agents have been 
extremely difficult to study, primarily because 
they have a narrow host range, they are present 
in low titer in clinical specimens, and they have 
not been successfully adapted to tissue culture. 
Nevertheless, epidemiological studies of gas- 
troenteritis indicate that infection with the Nor- 
walk virus is common and is frequently a cause 
of epidemic gastroenteritis. 
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Labelled Norwalk Labelled Soluble 
Virion Norwalk Protein 

Incubated with Incubated with 

Natural Infection 
Volunteer Serum Serum Volunteer Serum 

Pre Post Conva - Pre Post 
Infection Infection Acute lescent Infection Infection 

I I I I I I 

3OK+ - w 

c 

FIG. 6. Polyacrylamide gel electrophoresis of im- 
munoprecipitated Norwalk virus and viral protein. 
Conditions of gel and immunoprecipitation were as 
described in the text. Ant&era used in immunoprecip- 
itation were as indicated in the figure. Molecular 
weights of bands are indicated on the gel. 

In earlier work, the Norwalk virus was tenta- 
tively classified as “parvovirus-like” (510). This 
preliminary classification \?ras made because of 
the buoyant density of the particles, relative 
size, and stability in acid and ether. In this work 
we attempted to carry classification further by 
investigating the size of Norwalk viral proteins. 
The finding of one major structural protein with 
a molecular weight of 59,000 is at odds with a 
classification of parvovirus (16). In unpublished 
experiments, we used the chloramine T iodina- 
tion procedure to label puriiied preparations of 
two parvoviruses, adeno-associated virus 3 and 
rat parvovirus (kindly supplied by David Hog- 
gan, National Institutes of Health). As expected, 
three structural proteins with molecular weights 
of between 60,000 and 85,000 were visualized. 
This pattern is distinctly different from the pat- 
tern of a single major structural protein observed 
with No~alk virus or feline calicivirus. 

Caliciviruses are a newly proposed family of 
single-stranded RNA viruses that have been 
found to possess only one structural protein of 
approximately 65,000 daltons with a reported 

range of between 60,000 and 71,000 daltons 
A feline calicivirus iodinated and immuno 
itated in the same manner as the 
was found to have one structural 
molecular weight of 65,000. 
ant density of caliciviruses (35 to 40 nm 
to 1.39 g/cm”) are similar although 
to those of the Norwalk virus. In 
studies in which negative-stain ele 
copy was used, we found that feline 
strain F-9 and Norwalk virus were 
in size. The single Norwalk virio 
protein, when coelectrophoresed wi 
icivirus F-9, was found to be slightly sm 
(59,000 versus 65,000). Caliciviruses are 
known to possess minor smaller structural p 
teins analogous to the two faint bands 
ally seen in the Norwalk virus 
ever, a minor protein with a m 
15,000 has been detected in 
preparations (17). The significance 0 
very faintly labeled bands is uncle 
The specitic precipitation of the 
Norwalk virion protein by two co 
from ill volunteers and one 
from a naturally infected patient 
appropriate preinfection or acut 
strong evidence for the specific 
this single protein to the Norwalk virion. 

The finding of a single 30,000-molecular 

containing fecal Specimens was unexpected. Th4 
weight soluble protein in Norwalk virus antige 

’ .- 
protein does not appear to represent an artifaci 
of our procedure for.preparing stool suspensions, 
since untreated fecal suspensions also appeared 
to contain a soluble Norwalk virus protein in 
large amounts. As with the virion protein, spa 
citic immunoprecipitation by several appropri- 
ate immune sera provided evidence for the spe- 
cific relationship of this protein to the Norwalk 
virus. Whether this soluble protein represents s 
stable nonstructural viral protein made in great 
excess or whether the 30,000-molecular-weight 
protein is a subunit or cleavage product of the 
59,000-molecular-weight virion protein is not 
clear at present. A nonstructural virus-as.Wi- 
ated protein with a molecular weight of 29,m 
haa been described in calicivims-infected cells 
(17). 

Caliciviruses have a unique ultrastru~~ 
characterized by cup-shaped depressions 8t- 
ranged symmetrically on their surfaces (17). ‘Ibe 
fine ultrastructure of the Norwalk virus has not 
been well visualized because of the difficulty iu 
detecting the vii-ion without using precipitating 
antibody. However, in some electron micrO- 
graphs in which Norwalk virus has been seen 
with little or no coating antibody, a morpbol”g 
ical similarity to cabcivirus is apparent (Gr@; 
berg et al., in press). It is of interest that sevem -’ 
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kers have recently identified morphologi- 
characteristic calicivirus-like particles in 

from individuals involved in ep- 
acterial gastroenteritis (3, 13; H. 

onno, T. Kutsuzawa, A. Imai, F. 
and N. Ishida, J. Med. Virol., in press). 
olates have not been found to be sero- 

related to the Norwalk virus or to 
wn animal caliciviruses. 

serologically distinct but morphologically 
small gastroenteritis viruses such as Ha- 

gent (19), Ditchling agent (l), and Colo- 
o agent (15) have not been purified or culti- 

so their taxonomic relationship to the 
kk virus is not clear. This is also true for 

e morphologically distinct “astroviruses” (11, 
Hopefully, more detailed biochemical char- 

ation of other gastroenteritis agents will 
us to determine whether the various iso- 
present several serotypes of a single viral 
or several different types of viruses, all of 
are relatively similar in size and biologic 

e current findings are most compatible with 
e Norwalk virus being related to the calicivirus 

y. Certainly, nucleic acid studies would 
been useful in clarifying this issue, but the 
te amounts of Norwalk virus available and 

lack of a tissue culture system have re- 
ted us to protein analysis. In any case, from 
available data we would recommend that 

alk virus not be referred to as parvovirus- 
Hopefully, when workers identify other 
gastroenteritis viruses that are present in 
quantity, nucleic acid studies can be car- 

out. Attempts are now under way to raise 
tibody to the purified 30,009dalton protein to 
dy its relationship with the virion. 
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Spread 
study 

of rotavirus w ithin families: a community based 1 

K GRIMWOOD, G  D ABBOTT, D M FERGUSSON, L C JENNINGS, J M ALLAN 

Abstract 

The spread of rotavirus infection was studied over 
four weeks in a sample of 28 families exposed to a child 
with rotavirus infection. The results showed a high 
acidence of intrafamilial infection, with 46% of mem- 

bers of these families developing rotavirus infections 
compared with none in another series of 18 families. 
Children in the families with an index case were more 
frequently affected than adults: 75% of the children 
developed rotavirus infection but only 33% of the adults. 
Children tended to suffer the infection in a more severe 
form. 

Intrafamily contact is clearly important in trans- 
mitting rotavirus infection, and preventive measures 
should aim at reducing the likelihood of such cross 
infection. 

Introduction 

There have been several studies of the prevalence of rotavirus 
infection in child populations.’ Typically between 50”,, and 
PO”,. of children admitted to hospirai with vomiting and 
diarrhoea d&g winter are found to have rotavirus infection. 
The spread of infection in nurseries,’ hospitals,J nursing homes,* 
and day cart centres5 and among medical personnel’ has been 
described. Relatively little is known, howeser, about the 
transml\\tnn of the disease within the community, although it 
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in a series of families exposed to a child with a rota 
fection and a series of comparison families. 
study were threefold: (a) to estimate the like 
members would develop rotavirus infection 
an infected family member; (b) to docum 
with which asymptomatic rotavirus infection occur 
and in children; and (c) to estimate the relative con 
intrafamilial and interfamilial rates of infe&on, 
comparison of rates of infection in the series of fami 
to rotavirus and the corresponding rates in the 
series. 

Methods 

The subjects for the study comprised the fz4~ily 
children aged under 5 years who presented to their 
with vomiting or diarrhoea. Only those children from. 
had been without symptoms of vomiting or diarrhoea 
four weeks before rhe cF!d’s attendance at the family 
included jn the stuc; . 

DATA COLLECTION 
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rcsistana to infection depending on age. Seventy 
children developed cvidcncc of rotavirus infection, 
adults were affcctcd (or = 1 I 53; p -Z 0 001). The mean onset of s  
roms in children was 4-9 days after the onset of 
rcfcrencc child, in contrast to a rn=dn of 6.4 days for adults. 

576  

LABORATORY -HODS 

Faccal samples wcrc tested for the prcscna of rotavirus antigen 
with Enaygnost enzyme Jinkcd immunoabsorbcnt assays. Faccal 
samples from the rcfcrcncc child were also tcstcd for the presence 
of rotavirus antigen by irnmunoclectruphorcsis.~~ Serum rotavirus 
antibody tiucs were tcstcd by complcmcnt fixation with a microtitrc 
method based on that of Bradstreet and  Taylor.” 

DEFINITIONS 

On the basis of the initial faccal sample from the rcfercnce child, 
the 46 families participating in the study wcrc classified into two 
series. The inda scrics comprised the 28 families whose child had 
rotavirus dctcctcd in the facccs on the basts of tmmunoelearo- 
phorcsis or cnzymc linked assay, or both. In the remaining 18 familics 
(the control series) the child did nor have rotavirus detected in the 
faeccs. 

For this study W C  counted children aged over 12 as adults. The 
two series of families wcrc similar in family size, age of children, and 
number of adults in the family (table I). 

Index families tn - 28) Conlrol families (n IRJ 
(No C”..)) (No (“..)I 

12 (43) 
12 (43) 

1 (4) 
3 III) 

12 (50) 
IO (42) 
2 (8) 

3 III) 
“: (::1 

9 (50) 

t II:; ! (6) 

a  (i3) 
4 127) 
3  (20) 

0 10) 
17 (94) 

I Ib) 

Each family member  in the two series was classified as follows: 
(a) those who showed a fourfold rise in complement fixation antibody 
titrcs with or without detectable rotavirus antigen brtween the 
initial and final assessments and who also reported symptoms of 
gastrointestinal i l lness were classified as rotavirus positive and 
symptomatic; (6) those who showed evidence of a fourfold increase 
in complemcnr fixation antibody titrcs but rcportcd no symptoms 
were classified as rotavirus positive and asymptomatic; and (c) those 
who failed to show a fourfold increase in complement fixation anti- 
body titrcs or rhe prescna of mravirus antiacn were ciassiticd as 
having no infection. 

Results 

Table II shows the roravirus status of the subiects, excluding the 
referred child, at the end of the four week study period. Within the 
18 control families (38 adults and 15 children) no one developed any 
cvidcncc of rotavirus infection. In the index series of 28 families 
(54 adults and 24 children), however, there was an overall infection 
rate of 46”... A z* test applied to thcsc differcnccs showed them to br 
highly significant (z’= 33.94; p c  0901). 

Within the index familia thcrc was clear evidence of differential 

- --. --- -.- 

Children ( + 12 YEWS) Adults I 12 years) 

t .2a 
2 28 

I-Inal 12 39 4-72 

Finally, the children secmcd to suffer the discasc in a more pcvere 
form. Table I I shows that four out of 18 adults with rotavirus inf ions 
wcrc asymptomatic but only two out of 18 children. Becaux ” of the 
small numbers, however, this difference failed to reach stiistical 
significance. Table II I shows the number of days over which] adults 
and children had various symptoms. Children had many more 
symptom days (11.4) than adults (4-7). (r = 1.94; p c  O-05 one t$ trsr.) 

Discussion 

Our findings suggest that the primary mechanism ) in the 
spread of rotavirus infection is through inrrafamilial c9ntacrs. 
Of 78  adults and  chi ldren exposed to a  child sufferi 

T  
from 

rotavirus infection 36  developed the disease in the sub equent 
four weeks.  In contrast, within’a  compar ison series of 5  ‘adults 
and  chi ldren exposed to a  child who had  vom&g and  d  rrhoea 
which was not due  to detectable rotavirus infecti 

i 

none  
dcvcloped the condit ion. The model  of infection which merges 
is one  in which there is a  low probabil ity that any  family 
member  will contract the condit ion but once one  member  
becomes infected there is a  relatively high probabil ity jof cross 
infection. 

Children are more susceptible to intrafamily infect on  than 
adults. Of the ,74 chi ldren in the index families 18  d  velopcd 
the condit ion, whereas only IR of the 54  adults were 

1  

nfectcd. 
This dif ference may be  due  to two factors. Firstly, chi dren are 
general ly more susceptible to rotavirus’; setondly, chi ldren 
within a  family may have more physical contact 4  ith each 
other, which, together with their longer rota&us pcretic*n 
rates, increases the I ikehhood of cross infection.‘z pot only 
were chi ldren more Tusceptible to infection; they aldo tkndcd 
to suffer the disease in a  more severe form, having mori sympto- 
matic illness, a  longer durat ion of symptoms, and  ia greater 
number of symptoms. These findings and  previous /a- idence’ 
all suggest  that rotavirus infection in chi ldren is associated 
with more severe symptoms than in adults. 

The  practical impact of this study is that it shoujs the im- 
portant role of intrafamilv contact in the trans 
rotavirus infection. The phmary emphasis in the 1 

ission of 
rcvcntion 

of this condit ion should be  on  reducing the likelihoodithat other 
family members  will be  infected. 

This research was funded by grants to KG from the National 
Children’s Health Research Foundation and the Canterb\try Media’ 
Research Foundation. The Halswcll Sewing Guild contrihuu 
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thank Rehring Ltd for rhc donation of the Enzygrtost krh and rhe 
serological reagents. Access to patients was provided, by  D~s P 
McCormick, J  Cook, j Pascoe, S Kcnncdy, M  Foster4 S Carson. 
h4 Winter, K Lee, and A Dcvcndish. l rs K Walker provided 
trrchnial Iahoratory klp. 
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Serum folate concentrations during pregnancy in wome 
with epilepsy: relation to antiepileptic drug concentrati 
number of seizures, and fetal outcome 

V K HIILESMAA, K TERAMO, M-L GRANJTRbM, A H BARDY 

Abstract 

Serum folate concentrations, blood counts, and anti- 
epileptic drug concentrations were measured during 133 
pregnancies of 125 women with epilepsy. There was an 
inverse correlation between serum folate concentrations 
and concentrations of phenytoin and phenobarbitone. 
The number of epileptic seizures during pregnancy 
showed no association with serum folate concentrations. 
No cases of maternal tissue folate deficiency or fetal 
damage attributable to low maternal serum folate were 
observed. Maternal serum folate concentrations for in- 
fants with structural birth defects, “fetal hydrntoin 
syndrome,” or perinatal death were similar to those for 
healthy babies. A low dose (100 to 1000 ug daily) of folate 
supplement appeared sufficient for pregnant‘women with 
epilepsy despite the antifolic action of antiepiteptic 
medication. 

Monitoring folate concentrations in pregnant women 
with high serum concentrations of phenytoin or pheno- 
barbitone is recommended. 

introduction 

I-i&c acid is required for synthesis of DNA and is essential for 
the norm31 development of the human fetus.’ A deficiency of 

First and Second Dcpar~ments of Obstetrics and Gynaecology, 
Helsinki University Central Hospital, 60296 Helsinki 29, J3nland 

V K HlIl.ESM.SA. MI>. oh\lerrician 
K TERAMO, in. ohsrcrrxran and pcrmarolopisl 

Children’s Hospital, 00290 Helsinki 29, Finland 
M-L GRANSTRfi.M, MI-I. nturopaedlatrntan 

PitkjPnmSki Epilepsy Research Centrc, 00370 Helsinki 37, Finland 
R H RARUY. MD, ncurologm 

~‘nrrrmondcncc to: Dr V K Hiilmmaa. 

folate has been suspected of causing damage to c fetus, 

We undertook a prospective study of epileptic wo en during 
pregnancy, with serial measurements of both folat and anti- 
epileptic drug concentrations. : 

particularly if operative in the early weeks of p gnancy-* 
Treatment with antiepileptic drugs may result i lowered 
serum folate concentrationsf ’ and even in megalobl tic anae- 
mia.z Epileptic women taking andepileptic drugs may easonably 
be expected to be at particular risk of folate deficie cy during 
their pregnancies’; systematic investigations bn this are, how- 
ever, Iacking. 

Patients and methods 

A total of 139 epiteptic women were followed up d 
nancies. Eighty eight women had grand ma1 (tonic a 
vulsire) seizures, 16 had psychomotor (temporal Jo 
borh grand mal and psychomotor, JO focal motor ot 
other or unclassified. The patients recorded their 
calendar, which WF checked at each v 
took combined vitamin tablets with 
500 pg (range 100 to 1000 rg) of folic a 
week of pregnancy until parturition; 143 received ota 
mentation. Of the 150 pregnancies, 17 were exclu 
inadequate fast (see below) or failures in obtaining the 
Subsequently, 133 singleton pregnancies in 125 wo 
for analysis. Of the 133. 60 mothers had entered the s 
of the 16th week of pregnancy. 

Serum and red cell folate was radioassayed by a corn 
binding method” c at Medix Laboratories, Kauni 
Values of serum folare above 4-O nmol/l (1.8 ng!mJ) 
were considered normal. Haemoglobin 
volume were measured with a Coultcr S counter. S 
and phenobarbitonc concentrations were measured b 
graphy: and carbamazcpine concentrations by spect 
Venous blood for folare and drug assessments was 
1300 and I500 hours, afrer a five to eight hour fast foil 
and the lasr drug dose. There is eviden 
not intcrferc with the radioassay of folate.’ 

Serum folate and hacmogfobin concentration, mead cell volume, 
and scrrn-n ronrrntrations nf anrieniltnric druns wierc examined 
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Role of bfeCtiOn in Chronic Bronchitkm’ 

Dm W. GUMP, C. A. PHILLIPS, 6. R. FORSYTH, K. MCINTOSH, 
ii R. LAMBORN, and W. H. STOUCH 

SUMMARY 

Twenty-five patients with chronic bronchitis were studied intensively from 1968 to 1972. Viral, 
bacteriologic, mycologic, and mycoplasmal studies, both serologic and cultural, were carried out in 
an attempt to detemline the role these agents play in exacerbations. All of the usual viral agents 
associated with exacerbations and 2 members of the coronavirus group, 229E and OC43. were de- 
tected. One third (33.6 per cent) of the 116 exacerbations observed could be related to viral infec- 
tion or Mycop&na @teutnoniae (1 exacerbation). Viral infection was also noted to occur during 
periods of remission but was more commonly associated with periods of exacerbation (P < 0.001). 
No interrelationship between viral and bacterial infection was apparent and neither Streptococcus 
pneumoniae nor Haemophiius inpuenzae was present more frequently in the sputum of patients in 
exacerbation. However, the number of S. pnctlmonioe organisms present in the sputum was sig- 
nificantly greater (P = 0.04) during exacerbation than during remission and their presence was 
signicantly correlated with increased sputum purulence (P < 0.01). This was not true of H. in- 
puenzae. Ampicillin was effective in clearing the sputum of S. pneumoniae but not of H. inf7uenzae; 
the reverse was true of tetracycline. 

Introduction 
Many studies have been carried out concerning 
the infectious etiology of exacerbations in chron- 
ic bronchitis (I). Most of these studies have 
considered the role of bacteria in the etiology of 
exacerbations, but some have also examined the 
role of viruses and mycoplasma (Z-8). We ex- 
amined the possible role of all of these agents in 
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vised form December 12.1975) 
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chronic bronchitis by intensively studying a 
small group of patients prospectively for several 
years. A variety of cultural and serologic tech- 
niques were used in an attempt to maximize the 
detection of infections associated with exacerba- 
tions. 

Materials and Methods 
The patient population consisted of 25 patients who 
exhibited a chronic, recurrent, productive cough that 
was present on most days for a minimum of 3 months 
during each of 2 consecutive years. This criterion has 
been accepted by both the British Medical Research 
Council and the American Thoracic Society as an 
acceptable definition of chronic bronchitis (9). All 
of these patients filled out the British Medical Re- 
search Council questionnaire (10). None of our pa- 
tients had bronchial asthma or was receiving cor- 
ticosteroids. These patients were selected from the 
hospital’s outpatient clinic. Any patient meeting the 
above definition and willing to come to the has- 
pita1 every I to 2 weeks for a period of several yea= 
was considered acceptable. All patients lived in Bur- 
lington. Vermont, or the immediate vicinity. 

Of the 25 patients, ?2 had smoked cigarettes for a 
mean of 51 pack-years (range: 23 to 115 pack-years): 
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4 of these also smoked pipes and/or cigars. Seven pa- 
tients were not smokmg at the time of their entry 
rnro the study but none had stopped more than 
5 )-ears previously. Their mean age was 56 years, 
with a range of 31 to 72 years. There were 18 men 
and 7 women in the study population. The observa- 
tions on these patients extended from the summer 
of 1968 until July 1972. During this time, 5 men and 
one woman died, all of these deaths were thought to 
be related to the presence of chronic pulmonary 
disease. One of the patients had had bronchogenic 
carcinoma diagnosed before death. 

The patients attended an outpatient clinic in the 
Clinical Research Center a minimum of every 2 
weeks, but during exacerbations patients were oc 
casionally seen more frequently. The patients visited 
the clinic a total of 1,886 times. 

Patients were considered to be experiencing an 
exacerbation when they demonstrated a considerable 
increase in their cough and sputum production. The 
increase in sputum production during exacerbation 
was marked. Thus, the mean sputum volume for 
90 specimens collected during exacerbation was 28 
ml compared with a mean of 19 ml for 1,311 speci- 
mens collected during remission. Generally. these 
findings were associated with increased purulence 
of sputum, shortness of breath, fatigabilicy, and often 
chest pain or tightness. Fever was unusual. In most 
instances the physician caring for the patient decided 
when he or she was experiencing an exacerbation. 
and only those respiratory illnesses that resulted in 
significant increase in the patient’s symptoms were 
ronsidered to represent exacerbations. However, oc- 
casionally exacerbations were detected by a retros- 
pective review of the patient’s record. Microbio- 
logic or serologic results were not used to determine 
when exacerbations had occurred. A total of 116 ex- 
acerbations were observed in these patients, who 
were studied for a total of 4,150 patient weeks. Exac- 
erbations were treated with oral ampicillin 2 g per 
day for 10 days except in cases of suspected peni- 
cillin allergy, in which case oral tetracycline, 1 g per 
day, was used. There were 59 exacerbations treated 
with antimicrobial drugs: 14 occurred while the pa- 
tient was receiving antimicrobial prophylaxis. 

Nine patients were treated with prophylactic anti- 
microbial drugs during the winter of 1969-70. Eight 
received ampicillin, 1 g per day, and one tetiacycline, 
I g per day, because of a history of allergy to peni- 
cillin. Patient 34 continued to receive ampicillin pro- 
phylaxis until September 19’70, when he died. 

All patients were immunized with bivalent influ- 
enza A (HaN*) and B vaccines in October of each 
year, and any serologic rises to either of these viruses 
that were encountered in the subse&ent 4-week pe- 
riod were considered to be related to the vaccine 
rather than to infection. 

In August and September 1970. 16 patients were 
started on an immunization program with a variety 
of pneumococcal vaccines, including types 2 and 5 

1 

(Cutter), 1, 7, and 8 (Squibb), and 1 to 9, 12, l4, ls 
and 19 (Lilly), and a hexavalent vaccine ttypes 1’ 
3, 4. 7, 8, and 12) (Lilly). The results of this pro: 
gram will be the subject of a separate publicitio, 
The use of the vaccines did not decrease rhe inti: 
dence of pneumococci in the sputum of these pa- 
tients. 

In addition to a 24.hour sputum collection, the 
patients were requested to bring in a spe~men of 
sputum that had been expectorated on arising on 
the day of their clinic visit and had been kept re. 
frigerated. The volume of the 24.hour specimen was 
measured and the degree of purulence determined 
according to the classification of May and &lves 
(11). A total of l,5OJ suitable sputum sp&ens 
were available for microbiologic studies. Thus, of 
the 1,886 clinic visits, there were 385 visits for which 
there were no sputums available, and of the 1501 
visits for which sputums were available 148 SampI- 
were taken from patients receiving antimicrobial 
drugs. Thus, 1,353 sputum samples were obtained 
from patients not deceiving antimicrobial drugs. 

Bacteriology. Sputum and throat specimens were 
cultured on blood, MacConkey. and chocolate agar 
plates and all chocolate plates were incubated in 
candle jars. Sputum (0.5 ml) was mixed with an 
equal volume of saline and injected intraperitoneal- 
iy into mice. The heart blood of all mice that died 
was cultured on chocolate agar plates. All mice were 
observed for 6 days and then discarded. 

Some sputum was also liquefied by the addition 
of an equal volume’of pancreatin according to the 
method of Rawlins (12). The liquefied sputum was 
serially diluted in Ringer’s solution and subsequent- 
ly cultured on blood, chocolate, and MacConkey 
plates. 

Initially, an attempt was made to type all f3semo- 
philus influenznc isolates using polyvalent tyFi*g 
sera, but all isolates were found to be unencapsn- 
lated. All Streptococcus peumoniae isolates were 
typed with sera obtained from Statens Serum Ins& 
tute. Copenhagen (13). Potential respiratory patho- 
gens were considered to, be H. inflttcnme, S. PneU- 
nroniae, r?-hemolytic streptococci, Sfa$~ylococ~ en- 
Teus, Enterobacteriaceae, Pseudomonas speck, and 
other nonfermentative bacilli. 

Virus isolation. During the first 5 years of *e 
study, viral isolation was’ attempted from nose and 
throat swabs and sputum using cell tissue cultures 
of human diploid fibroblas& (WI-%$ human em- 
bryonic kidney, and primary monkey kidney. Dur. 
ing the last year of the study, viral cultures were 
not performed. 

Tube cultures were obtained from Plow Labora- 
tories and from Microbiological Associates Betbe- 
da, Md. They were maintained by methods described 
previously (14). 

Tubes were observed for 14 to 28 days for the ap 
pearance of cytopathic effect and passed at least One 
time if any possibIe cytopathic effect was seen. pri- 
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mary monkey kidney cell cultures were also screened 
at 7 and 14 days after inoculation for the presence 
of hemadsorbing agents using fresh guinea pig led 
blood cells and also challenged with echovirus 11 to 
detect any interfering viruses that might be pres- 
ent. 

MycoPZnsma isolation. Standard methods were 
used for the isolation of Mycop&~~~a pneumoniae 
from sputum and throat swabs (15). 

grology. A total of 1.130 blood samples were col- 
lected from our 25 patients at least monthly and of- 
ten more frequenlly. The complement fixation tech- 
nique (16) was used to detect changes in antibody 
concentrations to the following viruses and myco- 
plasma: influenza A, influenza B, adenovirus, respi- 
ratory syncytial virus, para-influenza virus types 1, 
2, and 3. Herpesvirus hominis, and M. pneumoniae, 

M. salivarium, M. hominis, M. pdmonis, and M. 
hyorhinis. 

Coronavirus infections were detected using the 
complement fixation test for strain 229E virus and 
both the hemagglutination inhibition and comple- 
ment fixation tests for strain OC43. These tests have 
been described previously (17). Serum antibodies 
to H. inpuenzae and S. pleumoniae were determined 
by the indirect fluorescent antibody technique; 
these findings have been described previously (18). 
Rhinovirus serology was carried out by screening all 
sera using the passive hemagglutination technique 
(19) wilh confirmation of all r ises by the neutraliza- 
tion method. 

Data pTocessing. All of the data were coded and 

punched onto standard 80.column IBM cards. The 
data were then transferred to magnetic tape for 
data retrieval and analysis. 

Results 
Data for all 25 patients were combined because 
individual patients did not differ significantly in 
the association of exacerbations with other vari- 
ables. For example, the frequency of exacerba- 
tions manifested by a patient was not related to 
the percentage of exacerbations that could be 
attributed to viral infection. 

We considered our patients to be in a state of 
exacerbation for a total of 116 patient weeks be- 
cause they experienced 116 exacerbations that 
were generally one week in duration. Only 12 
of 116 exacerbations exceeded a week in dura- 
tion and none of these was longer than 2 weeks. 
The patients were observed for a total of 4,034 
patient weeks while in remission. 

Viral infections related to exacerbations and 
periods of remission are shown in table 1. Evi- 
dence of vira1 infection was considered to be 
either a 4-fold rise in antibody, isolation of the 
virus, or both. 

Also shown in table 1 is the method of diag- 
nosis of viral infections. Regardless of whether 
the patient was in exacerbation or remission, 
the vast majority of viral infections were detect- 

TABLE 1 

VIRUSES (EXCLUDING HERPESVIRUS HUM/N/S) ASSOCIATED WITH 

EXACERBATION O R  REMISSION AND MEANS OF DiAGNOSIS 

Virus 

Exacerbation Remission 

(116 patient weeks) (4,034 patient weeks) 

SWO’ ISOf Both Total .Ser0 IS0 Both Total 

Influenza A 
Influenza %  
Respiratory syncytial 
Para-influenza 1 
Para-influenza 2 
Para-influenza 3 
Rhinovirus 
Carom 229E 
Corona oc43 
Adenovirus 4 

Unidentified hemadsorbing 
agent 

12 
1 
5 
1 
0 
5 
4 
2 
4 
1 

0 

2 
0 
0 
1 
1 
0 
0 
0 
0 
1 

1 

0 
0 
0 
0 
0 
1 
0 
0 
0 
1 

0 

14 
1 
5 
2 
1 
6 
4 
2 
4 
3 

1 

6 
2 
2 
0 
0 
4 
1 
7 
3 
0 

0 

1 2 
0 0 
0 0 
3 0 
1 0 
1 0 
1 0 
0 0 
0 0 
0” 0 

1 0 

9 
2 
2 
3 
1 
5 
2 
7 
3 
0 

1 

Total 35 6 2 43 25 8 2 35 

Note: Four exacerbations were associated with multiple viral infections; 2 with influenza A and respiratory 
syncytial virus, one with para-influenza 3 and adenovirus, and one with para-influenza 2 and coronavirus 
229E and OC43. During remission there was one instance of infection with 2 wruses. a diagnostic rise 
in antibodies to coronaviruses OC43 and 229E. Because of the serologic relationships between these 2 
viruses (17) it is possible that this was a single infection. 

‘Infection documented by serology alone. 
f Infection documented by isolation alone. 

h 



468 GUMP, PHILLIPS. FORSYTH, hlcmTOSH. LAMBORN. ASD SLOUCH 

TABLE 2 

ASSOCIATION OF VIRAL INFECTIONS WITH EITHER 

EXACERBATION OR REMISSION 

Viral Infection’ 

Clinical 
status 

Patient- 
Weeks of 

Observation 

(Excluding Herpesvirus Herpesvirus 
hominis) hominis Infection* 

b-xl I%! ho-l 1%) 

Exacerbation 116 38 32t 11 9.5t 
Remission 4.030 35 0.9 9 0.2 

l Infection defined as a 4-fold rise in antibody, isolation of the virus. or both. 
tViral infection during exacerbation was significantly more frequent, P < 0.001 (chi 

square). 

ed by serology alone. It was mainly the influenza 
and para-influenza viruses that were isolated. 
The 2 methods were compared for the first 3 
years of the study, because viral isolation was 
not carried out during the last year of the study. 
In those years 34 (81 per cent) of the viral in- 
fections associated with exacerbations were de- 
tected by serology alone, whereas only 6 (14.3 
per cent) were detected by isolation alone. The 
percentage of weeks oE exacerbation associated 
with H. hominis and other viral infections was 
significantly greater than the association of these 
infections with remission. 

Al. pneumoniae infection was documented in 
2 patients; one infection, determined by isola- 
tion and serology, was. associated with exacerba- 
tion, whereas the other, determined by serol_ogy 
alone, occurred during remission. Two M. hom- 
inis infections were documented by serology 
alone; one occurred during exacerbation and 
with a rise in antibody to coronavirus OC43, and 
the other occurred during remission. No sero- 
logic evidence of infection was detected to M. 
sativarium, M. fiulmonis, or M. hyorhinis. 

Although there was no year when there was 
a preponderance of infection with any particu- 
lar virus, there was a definite seasonal incidence 

of exacerbations and viral illnesses. Seventy-five 
(65 per cent) of the 116 exacerbations occurred 
during the 6-month period from October to April 
and 59 (76 per cent) of the 78 viral infections 
occurred during the same time period. More- 
over, 33 (44 per cent) of the 75 exacerbations 
occurring during the winter months were asso- 
ciated with viral infections, whereas the com- 
parable figure for the remaining 6 months of the 
year was 5 (12 per cent) of 41 exacerbations. 

The association of viral infections including 
H. hominir, with periods of exacerbation and 
remission, is shown in table 2. 

The relation between viral-associated exacer- 
bations, non-viral-associated exacerbations, and 
the recovery rates oE H. influenzae and S. pneu- 
moraine from sputum are shown in table 3. 
The recovery of H. influenzae and pneumococ- 
cus from the sputums of either viral-associated 
or non-viral-associated exacerbations was sim- 
ilar. 

The possible relation of recovery of potential 
respiratory bacterial pathogens and Condida 
species from sputum and throat swabs during 
exacerbations and remission is examined in ta- 
ble 4. The isolation rate of S. pneumoniae from 
sputum during periods of exacerbation was 

TABLE 3 

RECOVERY OF HAEMOPHILLJS INFLUENZAE AND STREPTOCOCCUS 
PNEUMONIAE FROM SPUTUM OF PATIENTS WITH VIRUS-RELATED 

AND NON-VIRUS-RELATED EXACERBATIONS 

l 
Haemophilus Streptococcus ’ 

influenzae pneumoniae 

Total 
Positive Positive 

Exacerbation NO. hO.1 i%! (nod I%) 

Viral-associated 31 21 67.7 11 35.5 
Nonuiral-associated 55 28 50.9 21 36.2 
Total 86’ 49 57.0 32 37.2 

‘Total number of exacerbations occurring when the patient was not receiving anti- 
microbial drugs and for which sputum specimens were available 

Agent 
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TABLE 4 

RECOVERY OF BACTERIA AND CANDIDA FROM SPUTUM AND THROA-I  

SWABS DURING EXACERBATION AND REMISSION WHEN PATIENTS 

WERE NOT RECEIVING ANTIMICROBIAL DRUGS 

SPUNrn Throat Swabs 

Exacerbation Rem&on 
(86)’ (1,267) 

(no. ho. 

Agent positive) IX) posirivel (%I 

S~~eproCOCCUS pneUmOniae 32 37.2 419 33.1 

Haemophilus influenzae 49 57.0 759 59.9 
s&rylococcus a”re”s 12 14.0 232 18.3 

andida species 25 29.1 232 18.3 
~/et&//a species 12 14.0 251 19.8 
pseudomonas species 8 9.3 118 9.3 

Gram-negative bacilli 25 29.1 598 47.2 
(excluding hemophilus) 

Exacerbation 

(94) 

ho. 
positive) /%I 

Remission 

(1,434) 

IfTO. 
positive) (%I 

8 8.4 100 7.0 
27 28.7 495 34.5 

9 9.6 225 15.7 
3 3.2 37 2.6 
6 6.4 117 8.2 
5 5.3 88 6.1 

18 19.1 373 26.0 

-Total no. of specimens examined. 

slightly but not significantly higher. The recovery Sputum specimens containing pneumococci 
rate of H. influenzae was approximately equal were significantly more purulent than specimens 
for both periods. The simultaneous presence of not containing pneumococci (table 6). A similar 
both S. pneumoniae and H. influenzae, not analysis did not reveal a significant correla- 
shown in table 4, was also not significantly asso- tion between the degree of sputum purulence 
ciated with the occurrence of exacerbations. The and the presence or absence of H. influenzae. 
reason for the increased recovery rate of Kleb- Sputum purulence was increased with exacerba- 
siella species and Enterobacteriaceae during pe- tions. Sixty-one per cent of sputum specimens 
riods of remission is unclear, as is the cause of collected during exacerbation were purulent, 
the increased recovery of Candida species dur- whereas this was true of only 50 per cent of those 
ing periods of exacerbation. collected during remission. 

Although the pneumococcus qualitatively was 
not significantly associated with exacerbations, 
such a relationship could be demonstrated 
quantitative!y (table 5). A significantly higher 
concentration of pneumococci was present in 
sputum during exacerbations than when the pa- 
tient was in remission. No such relationship 
could be shown for H. influenrae. 

The effect of antimicrobial therapy on the 
recovery of either pneumococci or hemophilus 
from sputum specimens is evaluated in table 
7. From 116 sputum samples obtained from pa- 
tients receiving ampicillin, o&y 6 (5.2 per cent) 
pneumococcal isolates were obtained, whereas 
from the 25 sputum specimens obtained from 
patients receiving tetracycline, 12 (48 per cent) 

TABLE 5 

RELATION BETWEEN NUMBERS OF STREPTOCOCCUS PNEUMONIAE 
PRESENT IN SPUTUM AND PATIENT’S CONDITION 

Sputum Culture for Sfreprococcus pneumoniae 

Positive 
Total 

Clinical Status <104/ml loQ/rnl 1 OS/ml I 06/d > I +/mt Negative Sputums* 

Exacerbationt’ NO.  2 0 1 2 19 * 59 83 
%  2.4 0.0 1.2 2.4 22.9 71.1 100 

Remission NO.  20 2 18 56 172 972 1.240 
%  1.6 0.2 1.5 4.5 13.9 78.4 100 

*In this anah%is 30 specimens containing pneumococci were excluded because quantification was not carried 
Out. Twenty-men Of these 30 specimens were obtained from patients during remission and 3 from patkntr in 
exacerbation. An additional 148 specimens, of which 13 contained pneumococci, were excluded because the 
patient was receiving antimicrobial drugs. 

‘During exacerbation .% pneumoniae present in significantly greater numbers in sputums, P = 0.04 (Wilcoxon 
test). 
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TABLE 6 

STREPTOCOCCUS PNEUMONIAE AND SPUTUM PURULENCE FOR PATIENTS 
NOT RECEIVING ANTIMICROBIAL DRUGS 

Sputum 
Culture for 

P~.TJ~OCOCCUS 

Positive* NO 
36 

Negative NO. 
%  

Total 
specimens No. 

%  

No. and Dearee of PurUlence Of SDUtUm Specimens 

Mucoid 

- 
Mucopurulenr 

Not 
+ + ++ +++ Evaluated Totat 

124 72 87 34 53 81 451 
27.5 7 6.0 19.3 7.5 11.8 18.0 33.3 

284 161 153 50 75 179 902 
31.5 17.8 17.0 5.5 8.3 19.8 66.7 

408 233 240 e4 128 260 1.353 
30.2 17.2 17.7 6.2 9.5 19.2 100.0 

-- 
‘Pneumococcal presence significantly related to purulence, P < 0.01 (Mann-Whitney test). 

isolates were cultured. The recovery rate for 
H. influenzae was exactly the reverse: 56.9 
per cent from the 116 sputum samples obtained 
from patients receiving ampiciilin and 24.0 per 
cent from the 25 sputum samples obtained from 
patients receiving tetracycline. However,  ampi- 
cillin was effective in reducing the numbers of 
El. influenzae present in sputum. H. inflttenzae 
was present in sputum in concentrations of + 
106 per ml 45 per cent of the time when the pa- 
tient was not receiving ampicillin, whereas the 
comparable figure for patients receiving ampi- 
cillin was smaller (26 per cent), but not sig- 
nificantly so. Antimicrobial administration was 
generally associated with a rapid diminution 
in symptoms, but because no untreated pa- 
tients were included as a control group it is im- 
possible to evaluate the efficacy of this treatment. 

Mouse inoculation increased recovery rates of 
S. pneumoniae. Thus, 154 of 469 (28.6 per cent) 
pneumococcal isolates were obtained only from 
the mouse and not from the sputum culture. 

The routine use of mouse inoculation increased 
the yield of pneumococci by 40 per cent. No 
ready explanation is availab!e for the failure of 
mouse inoculation to yield pneumococci on the 
115 (24.5 per cent) occasions it was cultured 
from the sputum. In 220 (46.9 per cent) in- 
stances, both sputum culture and mouse inocu- 
lation yielded pneumococci. Of the 23 different 
pneumococcal serotypes cultured, there was only 
one serotype, no. 39, that was cultured exdu- 
sively from sputum and this serotype was iso- 
lated on only one occasion. 

The peripheral white blood cell count (WBC) 
was increased 1% of the 30 times it was deter- 
mined at the time of an exacerbation. These 
elevations were generally minimal; on only 3 
occasions was the WBC > 15,000 per mma, and 
2 of these instances occurred in one patient short- 
ly before death. On  6 of 48 (12.5 per cent) occa- 
sions during remission the WBC was > 10,000 
per mma and the maximal elevation observed 
was WBC = 13,000 per mma. The mean WBC 

TABLE 7 
RECOVERY OF STREPTOCOCCUS PNEUMONIAE AND HAEMOPHILUS INFLUENZAE 

FROM SPUTUM SPECIMENS OBTAINED FROM PATIENTS RECEIVING AND NOT 
RECEIVING ANTIMICROBIAL DRUGS 

Streptococcus Heemophilus 
pneumoniae in fluenzae 

T,reatment ho.) 1%) h0.l q 1%) Total 

Ampicillin 6 5.2’ 66 56.9t 116 
Tetracycline 12 48.0 6 24.4 25 
Other antimicrobial drugs 2 28.6 3 42.9 7 
All antimicrobial drugs 20 13.5 75 50.7 148 
No antimicrobial drugs 451 33.3 808 59.7 1,353 

‘Significantly lower than the recovery of pneumococci from patients receiving either tetracycline or no anti- 
microbial drugs, P < 0.001 (chi square). 

*Significantly higher recovery of hemophilus from patients receiving ampicillin in comparison with those 
receiving tetracycline, P < 0.005 (chi square). 
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ROLE OF INFECTION IN CHRONIC BRONCHITIS 

during exacerbation was 10,233 per mm3 and 
during remission 8,250 per mms.  

The differential count was no more helpful 
in determining exacerbations. The mean per- 
centage of polymorphonuclear cells present dur- 
ing exacerbation was 53.5 and during remission 
67.7. Eosinophilia was rarely present and 7 per 
cent eosinophils was the maximum observed. 

DiScusSiOn 

Numerous studies have investigated the possible 
roJe of viruses and mycoplasmas in triggering 
,xacerbations in chronic bronchitis (1:s). A 
number of these studies, as well as our study, are 
summarized in table 8. Except for Eadie and 
assoctates (5). we could relate fewer exacerba- 
dons to viral or mycoplasma infection than did 
other workers (2,4,5). 

The definition of an exacerbation is one fac- 
tor that could affect the percentage of exacerba- 
tions found to be related to viral il lnesses. This 
is a difficult judgment to make in patients who 
are always experiencing symptoms of cough and 
sputum production. It is possible that one would 
be able to relate fewer exacerbations to viruses 
or mycoplasma if a less stringent definition of 
exacerbation were used and if more severe ex- 
acerbations tended to be related to viral or my-  
coplasma infections with a higher degree of fre- 
quency. Unfortunately, there is no precise way 
to define an exacerbation (20) and, therefore, 
it is difficult to compare the results of tlrese stud- 
ies. 

The viruses that we found associated with 
exacerbations in our study are similar to those 
of other investigators. McNamara and cowork- 
ers (4), however, did not find any inhuenza or 
Pam-influenza viruses, but they did find a high- 
er incidence of rhinovirus infections than 
most odrer studies. Our lower incidence of docu- 
mented rhinovirus infections may have been due 
to the fact that 5 of 6 rhinovirus infections that 
we documented were serologically demonstrated 
and we know that the serologic (passive hemo- 
agglutination) method used for screening was 
specific but not very sensitive (19). Hence, 
it & likely that some rhinovirus infections were 
missed. The one major new viral group that we 
found to be related to exacerbations was the co- 
ronavirus group. 

Coronaviruses are a relatively new group of 
viruses that have been isolated from patients 
with acute respiratory infections (21). Both co- 
ronaviruses 229E and OC43 have been demon- 
strated to be the cause of colds in adults, the 
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co!ds associated with coronavirus 229E being rel- 
atively mi!d with predominant nasal symptoms, 
and those due to OC43 being associated with 
cough and pharyngitis as well as coryza-like 
symptoms (22). To the best oE our knowledge, 
the present study is the first demonstrated asso- 
ciation of coronavirus infection and exacerba- 
tions of chronic bronchitis. Monto and co-workers 
(23) found that male chronic bronchitics had 
more infections with coronavirus OC43 than did 
healthy control subjects, but the design of their 
study did not allow them to comment on the re- 
lation of these infections to exacerbations.’ 

Four of the 7 coronavirus OC43 infections 
that occurred in our patients were symptomatic, 
whereas this was true of only 2 of the 9 corona- 
virus 229E infections. This observation is in 
agreement with the demonstrated predisposition 
for OC43 infections to resemble rhinovirus colds; 
both viruses produce symptomatic involvement 
of the entire respiratory tract, whereas 229E pro- 
duces mainly nasal symptoms. (22). Nonethe- 
less, both coronavirus OC43 and 229E infections 
were significantly (P < 0.001, ~2) related to 
periods of exacerbation. It seems clear that Eu- 
ture studies on the etiology of exacerbations of 
chronic bronchitis will have to consider these 
viruses. 

In agreement with other studies (4, 5, 8, 20). 
we demonstrated that viral infection can occur 
without exacerbations. For example, Mufson and 
co-workers (8) found that fully one half of the 
viral and mycoplasma infections that they docu- 
mented were not associated with an exacerba- 
tion. Of the 60 viral infections we demonstrated 
by serology alone, 25 were not associated with 
exacerbations. Nonetheless, because the total pe- 
riod of observation of our patients when they 
were in remission (4,034 patient weeks) was so 
much longer than when they were in exacerba- 
tion (116 patient weeks), there is $ significant 
correlation of viral infection with exacerbations 
(table 2). This same type of relationship was 
observed by Lamy and associates (5), who de- 
tected viral infections during 58.3 per cent of 

,36 patient months of exacerbation, whereas in- 
fection was associated with only 3.7 per cent of 
patient months of remission. It seems clear, 
therefore, that asymptomatic viral and myco- 
plasma infection occurs in chronic bronchitics, 
but the occurrence of such infection is far more 
likely to occur during periods of exacerbation 
than during periods of remission. Nonethe!ess, 
the occurrence of such asymptomatic viral and 
mycop!asma infections raises the question of 

whether there is truly a causal relationship be- 
tween the occurrence of infections and exacrr. 
bations. Only by challenging chronic bronchitic 
patients with live viruses can this question be 
answered. 

AS observed by others (5, 24) we noted that 
exacerbations and infections were far more com- 
mon during the winter months. Furthermore, 
we noted that the number of exacerbations as- 
sociated with viral il lnesses was markedly lower 
during the warmer months. This observation 
would suggest that exacerbations in the summer 
are more likely to be associated with either 
noninfectious causes, such as increased humid. 
ity, or infectious agents that we did not detect 

OUT study revealed that M. pneumoniae in- 
fections were uncommon in our patients. It 
wou!d appear from the literature (2, 4, 6, 8) 
that 123. pnezLmoniae.infection is associated with 
exacerbations of chronic bronchitis but general- 
ly is not of great importance in relation to this 
disease. The occasional studies (4, 6) that have 
documented a significant role of this agent in 
chronic bronchitis can probably be attributed 
to the tendency of this agent to cause disease in 
a sporadic fashion in relation to both time and 
place (25). 

Most studies of the sputum in chronic bron- 
chitis have found that more than 50 per cent of 
the specimens contain H. influenzae (26). and 
our studies confirm this. However, unlike other 
studies (26) that found significantly higher re- 
covery rates from purulent sputum, we were un- 
able to show increasing rates of recovery of 
H. injluenrae with increasing purulence. We 
have no explanation for this disparity in results. 

An important question, however, is whether 
the presence of H. injluenzae in sputum is cor- 
reIated with exacerbations, because purulent 
sputum may be produced clinically by some pa- 
tients regardless of whether they are experienc- 
ing an exacerbation (26). Most workers have 
not found any correlation between the presence 
of H. injluenzae and exacerbations of chronic 
bronchitis (27, 28); our studies bear out these 
observations. Others. however, have shown an 
increased recovery of H. injluenzae associated 
with exacerbations (20). 

We did not find any increase in the numbers 
of H. influenzae present in sputum during em- 
erbations. This finding agrees with Divis and 
associates (28) but disagrees with Cooper and 
co-workers (29). 

The rate of recovery of pneumococci from the 
sputum of our patients was 33 per Cent wbe? 

ah writers tha 
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,,4 have found that rates of pneumococcal 

recovery increased during exacerbations. 
However, even though we did not observe an 

inaeased percentage of pneumococcal recovery 
w.ith exacerbations, we did note a significant in- 
crease j,, numbers of pneumococci present in 

sputum obtained at the time of exacerbations 
(tab1e 5). Davis and associates (28) and Storey 
and co-workers (31) did not find such an in- 
crease in numbers with exacerbations. 

Just as Fisher and co-workers (20) observed, 
we found that the presence of pneumococci was 
asso,-iated with increased sputum purulence 
(table 6). However, unlike the data of Fisher 
and co-workers, such a correlation could not be 
shown with hemophilus. Many observers (26) 
have been able to correlate increasing Sputum 

purulence with an increased recovery of both 
pneumococci and hemophilus. However, others 
(31) have not been able to correlate an in- 

creased recovery of either pneumococci or hemo- 
philus with increased sputum purulence. 

As observed by others (32), inoculation of 
sputum into mice markedly increased the rate of 
recovery of this organism; in our study it in- 
creased recovery by 40 per cent and in a study of 
patients with pneumococcal pneumonia, by 47 
per cent. In the latter study, 21.1 per cent of the 
positive cultures were obtained from sputum 
alone, which is similar to the figure of 24.5 per 
cent that we observed. Thus, the failure to re- 
cover pneumococci from sputum specimens that 
are positive on routine culture is not restricted 
to Patients with chronic bronchitis. Further- 
more, there did not appear to be any correla- 
tion between serotype and the tendency for that 
serotj’pe to be cultured from sputum alone. For 
example, the lype 14 pneumococcus, which is 
known to have reduced virulence for the mouse 
(3% was cultured from our patients on 8 occa- 
sions and never from sputum alone. 
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Enumeration and characterization of bacteria in mineral water 
by improved direct viable count method 

S. Guyard ‘,z P. Mary’, C. Defives’ and J.P. Hornez’ , 
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s. GuYARD. P. MARY. C. DEFIVES AND J.P. HORNEZ. 1999. Fifteen strains from two emergent 
mineral waters were isolated and tentativei! identified with API ZONE and BIOLOG G-X 
systems. These strains were screened for their sensitivities to seven replication-inhibiting 
antibiotics of the (fluoro)quinolone group (nalidixic and pipemidic acid, flumequine, 
norfloxacin, oflosncin, peflosacin and ciproffosacin). It was shown that the direct viable count 
(DVC) procedure could be improved by using certain antibiotic cocktails, which were active 
against the isolates. Geometric bacterial features were successfully determined with image 
analysis and adapted software (ICO-SIX, Perfect Image”“’ ). Elongations were significant and 
allowed rapid discrimination of antibiotic inhibited and non-inhibited strains. Particular 
isolates in a mixed culture were characterized and enumerated after only i4 h exposure with 
the appropriate antibiotic cocktail. This method can also be applied to other communities, 
such as mixed cultures in bio-fermentors or in food with known microflora. 

INTRODUCTION 

.\Iineml &-inking wtcr is charnctcrizc:l by a native bactcri;~J 
microflora and chemical composition unique to each source. 
These properties WC’ indicators of n.ltiw ant1 natural \\‘;,tcr 
qualit!- (Schwaller and Schmidt-Lorcnz 1981; Guillot and 
Leclerc 1993). Mincr~l drinkins \v.ltcr is an olisotrophic 
environment (0.1 /tg ml-’ carbon). The viable bacterial count 
of emergent natural mineral wirer is wry low, i.c. about 10 
cfc ml-’ (Ferreira r/a/. 199-t; Jxclerc 199-J). After bottling, 
this population reaches lo-‘-Jo’ bactcri~ ml-’ in a few days 
(2-i d) with occasionally, a masimu.m of IO’ bacteria ml-’ 
(\yarburttin CII~/. 1992). Bacteria isolated from nztur:lJ min- 
eral waters belong to about 20 gnera which are mainIF 
P~Crcdunumffs and allied USa, ~-lcirwlubtrc.l:*r and .-Jlr~l/i~rrrcF 
(Leclerc 1994). Other genera, such as Giam-positive &&~.r, 
.4rfJrrthrtc~r. Gr)rrrrl~~~c?~~riur~r, Ch :YJwitu and Niuoc,,~.(y~s 
and Grim-ncrativc C4rrhutcr, Spll~wr~~tifus, Lt>ptotJrri,v, 
Ff,t ;.obrrl.tcritrr,r, Cy!uph~rp~, FJ~*sifw~~~~*r. CJ~r~~~toBrrc.tcri~~rr,, 
.~~~rrrlholtIotltr~, Ifibrio and Arro~wm:;. tlrr zilso encountcrclf 
(Schwallcr and Schmidt-Lorenz J9Pl; Zheng and Kellog 
1994; Gomes c/ crf. 1906). 

Bacterial enumeration in mincml \wtc’r is usually- achic\-cd 
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on agx media. However, .&edium composition and inc 
bation conditions affect qualitative and quanritative resu 
(Schwllcr ;Ind Schmidt-Lorenz 19SJ; Reasoner antI Gel ._ 
rcich 1983: Williams LVNI. 1994). Thus, it is not possible 
rccovcr all viable bacteria in wtrlr samples using speci 
media and crpcrimental conditions. 

Comp;lred with standard plate count determination, tke 
highest total population is obtained with direct ep - 
fluorescence microscop\- :yftcr s;taining with a&dine ordnge 
(AO) or -I’.~)-diamidino-2 phe$inJole (D.\PI) Jluorochronde 
dues (Kepner and Pratt 1994): This can be explained by the 
existence of three kinds of bacteria: (i) viable bacteria nun- . 
cuJturAlc on artificial media (\‘B.\C); (ii) viable bacteria 
cap;lble of developing colony. forming units (cfu); and (ii ) 
non-x-iable bacteria. . _ . . . 

Jnvesti+on of specific enzymatic activity, cell metab- 
olism. endogcnous rcspirltion amI membrane integity can 

confirm the erisrcncc of viable but non-culturable bacterk. 
Kc&s Jyes. such as INT (2-(p.iodophenyl)-3-(p.nitro- 
phenyl)-j-phenyl tetrazolium chloride), CTC (j-cyano 2,3- 
&t&y1 tetrazolium) or Xivr (F-C I-[(pheny!amino)-&- 
bon?-)]-3,~-tet~zolium )-bis(4 methosy-6 nitro) benzene sul-’ 
phonic acid hydrate) (Zimmermann r/r/J. 19X; Roslev ant 
Kinp 199.3: Coallier CI al. 1994), reveal the respiratory activity 
of- Gble but non-cultur.tble cells. Fluorescein diacetat 
(FD.4) and 3-6 sulphofluorescein Jiacrtate (SFD.\) dcte 
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enzymatic activity (cell esterase) in viable but non-culturahle 
bacteria (Raynel rtal. 1994). The physiological activity of 
living bacteria can also be detected by studying membrane 
potential with rhodamine 123 (Kaprelyants and Kell 1992), 
carbocyanin (Mason era/. 1993) or calcalluor white (Mason 
e/al. 1995), and investigating membrane integrity with 
Live/Dead*stain. The Live/Dead” stain is composed of two 
fluorochrome dyes, syto 9 and propidium iodide, which bind 
to nucleic acids and give green and red fluorescence, respec- 
tively, for viable and non-viable bacteria. 

All these method present drawbacks; DAPI binds to 
numerous macromolecules (Kepner and Pratt 1994), Gram- 
negative isolates are impermeable to FDA (Tsuji CI al. 1995) 
and rhodamine 123 (Kaprelyants and Kell 1992), and CTC 
has a toxic effect on bacterial metabolism (Ullrich er ~1.1996). 

Cell growth can also indicate active bacterial metabolism. 
Kogure r~ rrl. (1979) used nalidisic acid in liquid medium 
with added yeast extract to prevent cell division and observe 
elongation of viable micro-organisms. The method is 
described as the Direct Viable Count (DVC). This technique 
can be improved by using other antibiotics from the quinolone 
family. Kogure efnl. (1984) used pipemidic and piromidic 
acid. The fluoroquinolone, ciprofloxacin, can discriminate 
between viable Gram-positive and viable Gram-negative bac- 
teria (Barcina P/I/. 1995). Recently, Joux and LeBaron (1997) 
modified the D\-C method using an antibiotic cocktail (four 
quinolones and one /&cram) instead of nalidisic acid and 
obtained a more potent inhibition of the marine bacterial 
population under study. 

The purpose of this study was to determine which anti- 
biotics are most potent and at what concentrations for direct 
enumeration and characterization of viable cells in mineral 
water bacterial populations. The antibiotic sensitivities of 
l-1 strains, isolated from emergent mineral water, to seven 
antibiotics which prevent DNA synthesis, were compared. 
.kridine orange dye was used for total bacterial cell cktnts 
and Live/Dead’ (L/D) fluorochrome dye served to: dis- 
criminate viable from dead cells on the basis of cell membrane 
integrity. . 

. . 

MATERIALS AND METHODS 

Bacterial isolation from emergence mineral water and 
strain designation 

Fifteen representative isolates from two French mineral water 
sources (Vauban and Source du Clos de I’Abbaye, Saint- 
.-\mand-les-Eaus, France) were examined. Strains were dcs- 
ignated by- two letters: the first designated tire type of strain 
(-4 to Z) and the second, the origin of the strain (s Iin SDCA 
and v for Vauban springs). 

The strains were initially isolated 
bated at 26 “C (temperature of the 
(temperature of the SDCA spring). For 
purposes, sub-cultures were performed on T 
Blood Agar (AI%, AEB122870) 
identified with the API 20 NE system (bioM&i 
BlOLOG GN system (AES, Comhourg, Franc 

Determination of total bacteria and viable 

Total bacterial counts were determined after 
AO. Samples were stained with A0 (0~01% 
buffer pH 4) for 5 min and filtered onto blat 
size, 22 mm diameter) polycarbonate filters. 

For the Direct Viable Count ( 
(MH) broth, with an added antibioti 
with pure or mixed cultures and then mcu 
at 25 “C. .-\fter 14 and 72 h of incubation, o 
were elongated or wider, and fluoresced redd 
counted. 

USA) staining. This met 
cell membrane integrity. 1 
3 116 ml-’ lluorochrome d 
filtcrtd through black polycarbonatc membra 
1990). 

For each staining method, the filters were 

fluorescence (N&on opti 
(Nikon, B2 A; Champign 

Determination of standard geometric featu 
isolate 

Strains wcrc cultivated at 25 “C in MH broth 
filtration through a polycarbon~te blaclt mem 
were stained withA and then observed mic 
cpifluorescencc. Some microscopic fields were 
and treated by image a 
Clara Vision, Orpy, F 
obtained with software 
from the background and determine morpholo 
The morphological parameters retained w 

dimensions (rtm). Orth 
culating the hypotenuse.’ 

WC) 

All isolates were screen 
biotics. .-\ntibiotics were dissolved in water (na 
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,i,,rofJoxacin), ethanol (oflosacin and norflosacin) or alkaline 
&nion (flumequinc, peflosacin and pipemidic acid) and 
sterilized through 0.2 I’m pore six membrane filters (Milli- 
pore). Serial twofold dilutions of wtimicrobial agents were 
,,,ade in MH broth (2!%-&49 /IF ml- ‘). 

Elongation test on bacteria cultured with added 
quinolones 

me Ev strain \\-a~ tested with fi\-c different anribiotics to 
fo~~(n\- changes in gwnwtric bacterial characteristics accord- 
ink to the nature of quinulone. 

Each strain 113s also inoculated in .\JH broth with rhe more 
potent antibiotic at the .\JJC. The media wrc incubated at 
25°C and the morphotgxs were‘ determined after 1-l and 
52h. 

Numeration and characterization of bacteria in mixed 
culture in high nutrient broth (MH) and in mineral water 
by improved DVC method 

Two to fix strGw culriwcd in .\lH broth vcrc mised. 
Sexxxal samples ww cultivated \\ ith different antibiotic 
cocktails. ‘I‘hc incubation u JS conducted at 25 “C for J-J h. 
Then, elongated hactcria \\c’rc ccwntcd in each c>pcriment 
after .-\O staining using the &xi\ cd method of Iioy-c C/U/. 
(1979). The choice of antihicks and their concentrations in 
the anal!-sis dcpcndctl on the rxnurt‘ of rhc hactcria under 
test. The inili;ll concentration of\-i.lhlc ixlcrcria fix each stwin 
in the mix ~3s dcwmincd :tfrcr J.i\c/D)cld” staining to 
\erifv the rllicicncy ;lntl the I nlidiry ofrhc mcthoc!. 

RESULTS 

Identification of iso!ates from mineral water 

The 13 most rcprcscntatiw phcnot>-pes amongst the tlifkrcnt 
bacterial phenot!-pcs isolated from the natural mineral wtcr 
Vauhan nnd Soimx iI3 Clos de I’.\hha~c springs were sclceted 
(JO fur Vauban and tiw fiw Source du Clos dc J’.-\hbnyc). All 
strains were non-fcrnmcntlti~;e. qtochromc osidase-positive 
(or weakly pOsitiw). Gram-nerariw r&Is. Isolates from the 
Vauban spring were m,w frcqucntly ~cllow or orange pig- 
mentcd than isolates from the Sow-cc du Clos dc I’Ahh;lyc 
spring. 

Tw, idcntilication systems. .-\I>1 21lSE and 13101,OG GN, 
lucre used to tcntati\cly identify these isoln~cs (‘J’ahlc 1). APl 
20lKE identified hO”ll of rhe isolarcs to levels of certainty that 
were acccptahlc or bcrrcr. The other strains were scored as 
low discriminalion (21)“1)) or idcnritication to the spccics Icwl 
(20”,1). The l! lOJ,OG GX . system Idcntificd onlv .;.<..?‘!.I, 
of the isolates wrctl ro .1 iimil;lrit~ inks 3 O.Sfk (~ootl 
identification). IPour isol.ltei wc’r< idenrifietl with pw~r ccr- 

taint!- 3s i?wdonwnas corrqatn, Stenolrophomonas malt 
and Psc144lvmonaspu~ida. Identifications with a similarity 
< 0.300 were highly improbable, notably for isolates 
were assimed to the genus Vibrio (facultative an 
tcria). Only four isolates (Fs, Ys, Vv and Wv) were id 
to the sxne species level by the two systems. Howe\ 
of them (Fs and WV) showed abnormal pigmentation 
strains (.-\s and Ev) were tentatively identified as Ps.J/ 
by .-\PJ 20NE and Ps. corrqafa with BIOLOG GX, a 
the characteristic pigments were absent. Isolates Zs 
and Z\- were identified 3s Sphing~mvnas pauci 
API ZONE pllcry and, escept for strain Zs, 
prcscnrrd a characteristic yellow, insoluble, no 
pigment. Owing to an orange pigmentation and 
considrrations, isolate Uv was more likely to be B 

rather than Sp. prruc~inrohilis (API 20 
of its high BJOLOG similarity coefficient, ! 
andiary cell width (Holt (*I N/. 1994). 

Susceptibility testing of isolates against 
(f luoro)quinolones 

gcncration quinoloncs and four JJuoroquin 
mum Inhibitor? Concenrrat ions (MIC) in Mueller 
brorh 11 c’rc’ dcrermincd (Table 2). Stalin Hv was not 

csccpt for pcllosacin. In the wmc way, some isolates 
highly susccptiblc to some antibiotics 
\i-1- , ,,,, ~~s,,,~~). ConverseI\-, strain 
rcsistwcc. 3 ilisparitx in resistance patterns was also 
acwrdin? to the antibiotic uscd. Ho\\-c\-cr, the grit m 
of isolarcs wcrc highly rcsistlnt (MJC 
mequinc and > 16~rgml-’ for nali 
nzainst the first-generation quinolones. These anti . 
thercforc of Jimitcd interest for use in the Direct 
Count (DVC) method. The .1lICs of fluoroquin 
generally sever:11 orders of magnitude lower 
observed for the first-generation 
S j-i”;, of isolarcs was achieved by usin 
four t luoroquinoloncs tested at a rclntiv 
( < i.31 trimly ‘). Howwcr,  in terms of basic resis 
(,-I~.~“~~ of isolates wcrc found to hc rcsi 
7S+i’Zi~ to oflosacin’and 92.W%to pcfloxacin and norflo 

Determination of standard geometric features of n ! n- 
inhibited isolates 

-J‘hc standard yometric characteristics (surface area. mas 
projection and h!-lwrenuse) of non-inhibited isolates are 

@  1999 The Society for Applied MicrobIology, Journal of Applied M;crob;&gy86, 841-850 
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Table 1 Cbaracteristies ant 
Genusf and species identification with identification of bacterial is 

mineral water springs (Sou 
Strain* Pi-m1ent-t Cell shape APIZOSE (id%)$ BIOLOG GS (simE Clos de 1’.4bbaye and Vaub 

AS 

Fs 
Hs 

1-s 

ZS 

El- 
GV 

I HV 

white 
white 

cream 
cream 
white 
pink 

thin rod 
small rod 
moderate rod 
muderlte rod 

cram long rod 

yelluw oroid rod 
cram small. thick rod 
J elluw moderate rod 
ormge moderate rod 
yeillw long rod 
n hire moderate rod 
~JlW\ mudersre rud 

lunp rod 
ovoid rod 
ovoid. thick rod 

Ps. jlrrurcsrcns (59%) 
Ps. prtfida (6S”o) 

C. frsIasferflni/ Ps. 

alraf~~enes (45%) 
Mr. jwmlis (3990) 

Ps. prtf it/a ( 1 Z”&) 

St. tnalf~~phifia (96%) 

Sp. parrrimnbilis (84O/6) 

Ps. jiIdnrZsr?IIS (79'?u) 
B. rzsitxlaris (i-l’?&) 

.-frr. rll/I?IIJ:licllh (9.1'30) 
Sp. parrcimubilis (S-5%) 
Ii: ;;rrm (w?o) 

85. bli*x (32?0) 

B. ,lhilr/r/cl (i?o) 

Sj7. parrr-irnobilis (8490) 

C. Jt~zniti.~r~sr~li~~~~i~i (YS‘?o) 
sp. pa I~~inlnhi/;s (S-190) 

-f.c. rat/i&ur c-/w (98%) 
SI. m&l tlo~hili,r (99%) 
B. a~ricfrfaris (92%) 
sp. p‘llIc~imohi/is (W!o) 

Ps. cmmgafa (O-452) 

Ps. )iiIirlo A (O-438) 

nd** 
. 

SI. n~altaphilia (0.339) 

I/. rnbiashii (0.097) 
Ps. twnrga fa (O-46 I ) 

nd 

acceptable (2 SO”,,). 
c Similariry index : escellent ( 2 U.SjOS), qxxl ( > 0500). no identification ( < O~SOO) : rhe 
10 most closel!- matchins species are always reported bur only the first choice is presented here. 
** nd. no determination. 

sented in,Table 3. For the isolates from Source du Qos de 
k.Abbqe. measured surfaces areas varied from O-6-1*8 ilrn’. 
masimal projection from 14-2-I jrrn and hypotenuse from 
1*34!:7/!m: with the Vauban isqlates, the>- fluctuatgd from 
1.2-I-8 I’m’. 14-2.3 lrm and 1.9-2-i jtm. respectively. .-\ 
wider range of values was observed for the hypotenuse. Fur- 
thermore. the hypotenuse rcadil>- discriminated the different 
isolates. 

Alterations in morphometry of isolates after incubation 
in MH with different (fluoro)quinolones 

Morphometry of strain Ev after inhibition with different (fluo- 
rojquinolones. -is shown in Table-l, a 14-h inhibition period 
in 1lH with difrerent (fluoro)quinolonzj used at con- 

centrations corresponding to the hlIC led 
increases (1*8-i-S fold) in mean geometric ct; 
strain Ev. Bacterial elongation was less prc 
inhibition with ilumequine. Increases in geor 
varied accordine to the antibio& used. Howes . 
were significant and the antibiotic with the Ic 
used in subsequent esreriments. 

Morphometr)i of different strtiins on incubat 
the most effective ftuoroquinolo.?es. Two Inca 
(14 h and 72 h) with antibiotics were studied 
was chosen because of the need for rapid and 
compared with orher count methods (l-l h), ; 
obtain 3 significant elongntion discrimination I 
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Table 2 Comparative in uilro activity 
(MC) of different quinolones 
and fluoroquinolones against isolates 
from mineral water springs 
(Source du Clos de I’Abba!-e and 
Vauban) 

MIC (pg ml-‘) of antimicrobial agent+ 

Strain* NA Pi .\R NOR OFX PEF CIP 

AS 62.5 125 123 13.62 < 0.49 l-95 098 
FS 62.5 62-5 31.25 15-63 3.91 > 250 ck8 
Hs ’ >250 > 250 > 250 62-5 62.5 >250 > 250 
YS 61-j 250 I563 62.5 7.81 15-63 i-91 
zs >250 > 250 > 250 125 3-91 > 250 
Ev 125 >250 15.63 62.5 7.81 > 250 
Gv > 250 > 250 > 23) 1563 3.91 1563 1.35 
Jlr O-98 3.91 0.49 GO.49 0.98 7.81 0.98 
Pv 15.63 31.25 U-5 15.63 GO-49 GO-49 1.95 
Rv 125 > 250 i+ll 62.5 3.91 7.81 7g1 
Ur > 250 > 250 > 250 62.5 15.63 31.25 15i3 
Vr 62.5 250 123 31-25 7.81 15-63 x1 
Wv 125 > 50 02.5 62-j IS-63 7-81 < 0.19 
ZV 230 > 230 250 62.5 7.81 7.81 3.91 

, 
l Isolated from springs : s. Source du Clus de I‘.\bbaye and v, Vnuban. 
t NA, Nalidisic acid ; Pi. l’ipemidic acid ; .+R. Flumequin ; NOR, Norflosxin ; OFT, 
Ollosacin ; PEF, Peflosacin and Cll’. Ciprofloxxin. 

Table 3 Determination of mean geometric features of isolates 
from mineral water springs (Source du Clos de 1’9bbaye and 
\-auban) 

.\lean geometrical characteristics ( f St>.)+ 

Strain* 
Surface 
()lm’) 

hlasimal 
projection 
W-d 

(72 h). .-\s shown in Table 5, a 14 h incubation with antibiotics 
resulted in si&wilknt increases in the mean hypotcnwe of 
isolates (2 1.5~fold). Considerable increases were sometrmes 
observed (I+-.i%fold in strains Uv, Zv, Pv, Ev. 11-v and 
Fs). Further incubation (72 h) in h4H with antibiotics led to 
similar hyotcnuse values (strains Ys. Jv and Vv) and, gencr- 
ally, to lower h~potcnusc values than those observed atter a 
I-l h periwl. \loreovcr, in man!- instances, hypotcnusc ~@ICS 
of 72 h inhibited isolates were not significantly different ‘ram 
those of non-inhibited cells (strains El-, Gv, Rv, Zv ant Zs): 
some were even lower (strain As). 

nt 

of 
er 
es. 
is 
35 

.-\S l-81 (O-33) 2.13 (0.21) 2.43 (0. Ii) 

Fs l-14 (0.03) 1.40 (0.05) 1.72 (003) 
Hs 1.31 (0.30) 2.14 (O-21) 2.70 (0- 19) 
vs O-.79 (0.18) !-IS (0.10) 1.68 (0.09) 
zs 0.58 (0.091) 1-O-I (0.0s) 1.31 (0.03) 
Er - l-30 (0.12) 1.9i (O-l 1) 2.36 (O-08) 
GV I-48 (o-19) 1.8i (0.07) 2.19 (O-06) 
Jv 15-l (0.12) 1.89 (0.11) 2.32 (0.1 I) 
Pv 145 (0.08) 232 (0.11) 1.89 (0.12) 

p;. 
1.24 (O-11) 2.13 (0.13) 242 (O- 11) 
I-22 (0.18) 1.83 (0.10) 2.10 (O-09) 

\‘r I-79 (0.17) 2-28 (0.09) 2-72 (0.1;) 
J-T l-31 (0.18) 1.92 (0.12) 2.29 (O-12) 
ZV 1.28 (0.21) 1.91 (0.09) 2-40 (0- 10) 

Thus. strain differentiation in mised culture was c:nsil! 
accomplished in lwpulations. The largest mean hype 
values of the non-inhibited isolates were smaller t 
of the smallest 1-I h inhibited isolate (even with th 
dimension of non-inhibited isolates). This observatio was _ 
not true ivr Source du Clos de 1’Abbaye isolates. T 
:I judicious choice of antibiotic cocktails had to be ma.le to 
achieve cnunuxition and characterization of every Str:in in. 
Source du Clos de I’.jbbnye samples. 

Enumeration and characterization of isolates in 
experimental mixed cultures by the improve@ 
method 

* Isolated from springs: s. Source du Clos de Ia’Abbaye and v. 
Vauban. 
t.\lean+S.D. (250 < !I < 400). 

Tables 6 and T rclwrted quantitative initial results deter 
h!- L/D sraining and obtained by 
mised cultures in .\IH broth and 
Differcntiarion of isolates was readit!- achieved 
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i :: i 

Mean geometrical characteristics (+s.D.)t 

Antimicrobial agent* Surface 
05 ml-‘) (rm3 

Masimal projection 
(m) 

Hypotcnusc 
(vm) 

\\‘i;hout antibiotic 
SA (125) 
AR ( 15.63) 
SOR (62.3) 
OFX (7-S I) 
CIP (0.98) 

I.30 (0.12) I.95 (0.1 I) 2.36 (O-US) 
6-31 (0.19) 52s (0.21) 619 (0.29) 
4.18 (0.29) 3-73 (O-22) 1.32 (0.i 1) 
j-21 (fl19) j-SS (0.19) 6.73 (0.2 I ) 
5-Z (O-27) j-ill (O-31) 6-71 (030) 
5.91 (0.28) j-37 (0.22) 6-13 (o-17) 

* -VA, Nalidisic acid ; -\R, Flumequin ; IXOR, Sorflosacin ; OF-X, Oflosacin and CIP. 
Ciproflosacin. 
t Mean &- S.D. (250 < R < -100). 

Table 4 Alterations of me3r 
geometric characteristics of I 
11 h incubation time in Muc 
Hinton broth with dimerent 
quinoloncs and fluoroquinol 

I 

I 
r3 

: Ier 

nc 

Strain* 

,\Iean hypotenuse in Itm ( f SD.)] 

after incubation time of 
.~ntimicrobial 
agentt ()rg ml - ‘) 0 h lib 72 h 

Table 5 .%lter~tions of meat 
hypotenuse of different stra’ 
incubation in Mueller Hintc 
the most effective 
lluoroquinoloncs 

1 

i s 

i 
, \’ 

PEF (1.95) 
OF (3.91) 
SOR (625) 
CIP (5.81) 
OF (3.91) 
CIP (W98) 
CIP (1.95) 
CIP (0.9s) 
CIP (1.95) 
OF (391) 
CIP (33.63) 
OF (7.8 1) 
PEF (781) 
CIP (3.91) 

245 (0.17) 
I .72 (WO5) 
2.70 (0.19) 
I .6S (0.09) 
I .3 I (0.03) 
2.36 (0.0s) 
2-19 (O-06) 
2.32 (@I I) 
I.89 (0.12) 
242 (0.1 I ) 
2.10 (O-09) 
2.72 (0.13) 
2.29 (0.12) 
24G (0.10) 

3.78 (9.21) 
656 (OX) 
-l-is (o-16) 
246 (0.18) 
24)2 (0~09) 
6-I 2 (u-2h) 
341 (W21) 
3.63 (021) 
1.91 (0.29) 
-1-63 (0.19) 
5.05 (0.27) 
3.50 (O-17) 
i.02 (U-II) 
fro5 (0.33) 

I.61 (WIN) 
4.70 (0.17) 
-l-u3 (0.17) 
2-G (U-22) 
I.51 (0.12) 
24,7 (0-2s) 
2-39 (0.3 I ) 
347 (0.19) 
342 (U-28) 
2.jY (U-30) 
3.32 (o-33) 
3.31 (o-26) 
3.27 (W.38) 
24-l (Oh3 I) 

’ : 
i: . 
/ 

*Isolated from springs: s. Source du Clos de l’,-\bbaye aud v, Vauban. 
T MOR, Norflosacin ; PEF. Peflosacin ; OFS, Ofloxacin and CIP, Ciproflosacin: 
1 \Iean & SD. (256 2 II < HNi). 

. . . . 

esceptions, DVC results were within the same order oftmy- in other studies of xIuatic bacteria and mineral 
nitude and were not st;ltisticaJl>- (P = 0-0~) diffcrmt from and Da COS~J IYYO: .-\my PIN/. 1992; Leclen 
initial inocula counts. ;tnt.J Jxff‘ 1996; Ferreira 1’; RI. 1996). l’hese sp 

w&h Ps. /~~mcw~~~s md Ps. sfrrfzererj, are comb 

DISCUSSION 

The number of bacterial species recovered from the two 
springs wts within the range (I-20 species per brand) prc- 
viouslv reported for different brands of mineral uxtcr 
(i\Janaia e/i!/. 19%); Ferreim c:rti. 1996). The species Sp. 
p~tr,trirnobilis. J?s. p~r~itlrr and B. xsir-rr/urk have been reported 

French.nkneral wters (Guiilot and Leclerc !9 
ies CI,i:)seo~~l~Irr.irirrr rnrrringi~sephnn (fon 
hwrirrm) has occasionally been isolated 
environments (Manain c’t rrl. 1990, Leclerc 19! 
Kellogg 199-1). The presence off% rr~rrrr~tyt/rr ir 
has brrn reported only once preuiously (Jain c 

Although wiclel~- used. the <IPI 20 K\‘E has 
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Table 6 Enumeration and recognition of a par&&r strain from 
ba,-t&al mix in Mueller Hinton broth by the improved DVC 
method 

Log viable cell 

Strain* 

kg initial viable cell 
ml- ’ ( + S.D.)t 
in experimental mis 

ml-’ (+S.D.)l 
as determined by rhr 
improved D\‘C 
method 

t Log initial Gable cell ml-’ wre Jctermincd slier staining with 
Live/Dead. 
1 Jiean + S.D. (n = 3). 

ZS 6’72 (0.10) 6.72 (0.08) 
Ys 6-53 (0.15) 63 (O-II) 
Fs 61~(0.09) 6.62 (O-09) 

-4s 58-i (0.11) 632 (0.10) 
Fs 590 (0.07) 6-3-I (0.14) 
Ys 600 (O-12) fell (0.13) 

Hs- 758 (@09) 6.69 (O-10) 
-4s 7.73 (0.07) T4-4 (0.08) 
YS 5.92(007) 7.74 (0.10) 

Fs 7.89 (0.1 1) I.80 (O-05) 

zs 8.32 (0.08) 84-l (0-l 1) 

Pv 647 (O.Oi) 6 so (0.09) 

F; 
f&l (0.05) 6.50 (0.10) 
6-30 (0.08) 6.99 (0.06) 

RI- 647 (0.11) 6.8s (0.12) 
Ev h-69 (0.09) h-90 (0.14) 

Er 6.30 (O-12) 6.23 (OW) 

L-v 6.1-I (0.09) h6; (0.11) 
n-v 64~4 (O-10) fY15 (O-07) 

* Isolated rrom springs: s, Source du Clos JC I’.-\blyc and v, 
\-auban. 

to he unable to identify a large proportion (around 70%) of 
aquatic bacterial isolates (,\lorais and Ds Costa IV(H), Amy 
et al. 1592; Brown and Leff l9Y6z Ferreira ct crl. 1556). The 
60% identification rate reported here is thus higher than. 
those of prc\-iousl!- published studies. However, some identi- 
fications (Zs, Uv and 11-s) remained qu&Onabk owing to 
abnormal, or lack of. pi~zientation at least on R2A agar. 
Tentative idenrification of isolates with BIOLOG GN was 
found to be largely .un+ccessful, in accordance with other 
studies (Ant\- et (I/. 1592: Zhcng and Kellogg IYY4;‘Balkwill 
and Boone 1997). Severthcless. a 7-l”t~ identification rate 
has been achieved with this system for isolates from deep 
groundwaters @in rt ~1. 1997). Owing to the dificulties frc- 
quently encountered in identification of mineral water 
isolntes, it is not surprisin g that new species are described, 
notabk among the tluorcsccnt f?wrrdr,nr~~rrtrs (Cwolcr cl cl/. 

Table 7 Enumeration and recognition of a particular strain from 
bacterial mix in natural mineral water by the improved DVC 
method 

Strain’ 

Log initial viable cell 
ml-’ ( + SIX)+ 
in experimental mix 

Lag viable cell 
ml-’ (+S.D.)$ 
as determined by th 
improved DVC 
method 

zs i.39(0-13) 7.23(0-O')) 
Ys 7.27 (O-1 1) 7.25 (0.07) 
FS 7.27 (0.06) 7.14(@10) 

-4s 6-80 (0.12) 6.92 (O-l 1) 
PS 7~27(009) 7.14 (O-07) 

YS 7-27 (0.11) . 7.20 (O-12) 

Hs 3.96 (O-09) 5-73 (011) 
AS 64lO (0.09) 6-92(0.08) 
YS 7-27 (Wll) . 7-70 (0.11) 
FS 7.27 (0.12) 7- 14 (O-08) 
ZS i-39 (0.10) &98(0.11) _ 

l's i-71 (lkO9) 7.23 (007) 
Gc 6.90 (O-05) 7 12 (0%) 
1’s 5.70 (0.08) 6.38 (O-09) 

R\ i.53 (WI I) 7-1-l (O-07) 

Es hi5 (0.12) 7-30 (u-06) 

1-v h-ii (0-W) 7.11 (0.13) 

L’s 7. l-l (WOO) ” 7.30 (008) 

t I.+ inikl viahlc ccl1 ml-’ were dctcrmincd after staining wit 
l,iw/Dead. 
1 Rlr3n + S.i>. (jr = .3). 

* lsolatcd lion1 springs : 5, Sourca du Clos tic I’.4bhayc and v‘, 
\‘auban. 

. . 

1996; Elomari rt t;/. 1906) and ihe yellow-pigmented pseu 
monad group (Gome; if pi. 15%). . 

Difficulties in obtaining a reliable asscxsment of antibis 
resistance. in a&at+ bacteria’ has $een reported pre\rior 
(Jones et II/. 15X6). Jones rf al. (1586) recommended the 
of the disc method and careful temperature standardbat 
The incuharion temperature in our MIC determination 
difkent fiwm that normally employed (Anon. IY96). ’ 
temperature used to determine MIC is usually in the 
37X range, much higher than the in silrr conditions forI 
species studied here. Indeed, the temperature of the soul 
were 26°C md IS “C for Vaubnn and Source du 
1’.4hbaye springs. respectively. Therefore, 25 “C was ch 

- 

- 

tic 

;I? 
ise 
In. 
‘3s 
he 
j- 
he 
rs 
de 
en 

as a compromise hetwen esperimental and 
temperature, .mJ hactcrial growth rare. The purpose 
study was to dcwrminc the more potent 
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in the Direct Vdle Count of mineral water bacteria growing 
3t I 8-26 “C and not to detect basic resistance to these anti- 
biotics. Thus, our determinations were done in Mueller Hin- 
ton broth incubated at 25°C. However, b3sed on MIC 
breakpoints and in terms of basic resistance, intermediate 
susceptibility or resistance patterns against (fluoro) quino- 
loncs were observed for the great majority of the isolates. 
R&stance to first-generation quinolones and particularly. 
against nalidisic 3cid, is frequently- reported for a sizeable 
number of aquatic nnd miner31 water bacterial isolates (Amy 
rlf~i. 1992; P3papetrupoulou c*Irrl. 199-k; Mass3 cral. 1995; 
Joux and LeBaron 1997). However, there is no clear cut 
cridencc that the antibiotic-resistant blc-teria naturally found 
in mineral w3ter are 3 public health risk (Rusin c/rr/. 1997). 
;\mong (fluoro)quinolones, ciprofloxacin ~3s found to be the 
most effective compound according to Papapetropoulou el ffl. 
(1994) and Jous and Lcharon (1997). At le;lst two of the 
four fluoroquinolones tested were able to achieve growth 
inhibition of the different isol3tes at concentmtions within 
the range of the first-genention quinolonc concentntions 
used in the antibiotics cockt3il described b!- Kogure no/. 
(198-1). However, more potent, new fluoroquinolones, which 
h3vc been reported to be highly actiyc 3gGnst the genus 
P.sc~t~f~~~~onr~s 3nd allied tar3 (Ford 1.1 trl. 199.3; Cunhn ct crl. 
1997), should be tested in order to ensure growth inhibition 
at lower antibiotic concentntions. 

In order to achieve efficient distinction between inhibited 
3nd resistant strains (able or unable to divide), surf3ce 3re3. 
m3simal projections and hxpotcnuse were tlctcrmined. Sur- 
face are3 and projections were measured using computcrizcd 
image anll~sis. Glculating the hypotenuse c3n be useful 3s 

it gives a real mc;lsurement of cell length. In addition, the 
hypotenuse c3n attenuate some of the errors gnernted by 
image focusing with Perfect Image”“’ software. Focusing gen- 
er3tes multidirectional defaults on surf3ce estimation. 
whereas the hypotenuse only h3s 3 bidirectional effect. We 
found the h!-potenuse to be more discriminating thnn surf& 
area and projections. 

. . 
Peele and Colwell (1981) used area measurements for cul- 

tuies of sea water which generally show &ollen cclk after 
incubation with various nutrients 3nd under different growth 
conditions. In .spite of the presence of ovoid cells, length 
measuremen IS more discriminating in our study. Bnrcinn 
r/r/l. (1995) emphasized that biosolume mensurements offer 
a better estimation of cell increases due to nutrient incor- 
pontion. However. in the case of bacteri31 rods, growth 
mainly implies variations in length, su bio\olume measure- 
ments would be more 3ppropriate for cocci, 3s determined 
by Barcina et N/. (1995). 

Singh etd. (1989) found that 3 1.5fold elongtion is 3 
suitable melsurement for determining the viability of bacteri3 
in the D\‘C test. In our study, this elong;ttion cocfficicnt 
fluctuated from 1-S to 2-X for strain Ev and \\3s 3lw3ys > l-5 

for other isol3tes. Therefore, elongation w 
ever the antibiotic tested. 

Dye bte~kdown inside the celk expla 
mean hypotenuse after 14 h. Indeed, 
increased even after a 1-k h period of incuba 
anal?-sis and fluorochrome stain revealed hete 
ing in the bacterial hod!-. Elongations after a 
antibiotics wcrc significant 3nd allowed a rapi 
between inhibited and non-inhibited mo 
bctwecn viable and dead cells. 

I’.-ihb3yc isohtes 3ppcared to be less s 
This phenomenon has alrcztdy been ob 
study concerning the culture of these diffe 
various mcdi3 (PCA, PC.%/ IO rind R2A). 

The sensitivity of 3 strain to a given 

method, and IS recommended by Buchries 
(1993) the concentntion that inhibits rep1 
nffecting other s>-nthetic pathways ~3s requi 
biotic conccntr3tions could lcld tu met3boli 
sometimes, to cell delth or disruption of so 
ds cmph3sizcd hy Jous and LeBaron (I9 
the rather high antibiotic concentrations 
(quinolonc: 3 lb ltg ml- ’ 3rd fluoroq 
did not produce such an effect 3s isol3tes 3 
subject to non-spccifc secondary effects. 

The 3hsencc of Itypic cclluhu shapes 
with v;u-ious nutrients 3nd growth conditions 
cl-31 natunl \\3tcr, with or without 3ntihio 

One of our objectives ~3s to 3Gd adding 
D\-C method 3pplicd to miner31 natuml \\-a 
conserve the nnter’s native oligotrophic st 
nutritive inhibitor effects or eutrophic. c 
esogcnous substrates added c3me only from 
medil (less than IOpgml-’ org3nic matter). 

In both experiments, the method appeare 
3tid efficient under the de&ted conditions. So 
quinolones, which appear to be very active o 
micro-organisms (Ford et cl/. 1993; Cunha PI (I 
also he useful. 

bacteria in relatively well known andsimple ta 
water communities, both rapidly and directly. 
applied to estimlte some 
in food with known 3 microflora. The DVC. 

0 1999 The Society fo 



. 
r+ 
II 

‘1- 

DVC Of BACTERIA IN MINERAL WATER 849  
3  

I 

’ ,,“cleic probes, are not always available for identif>-ing and  ..- 
denlonstrat ing the viability of target micro-organisms. 
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CHAPTER 26 

Rhinoviruses 

Jack M. Gwaltney, Jr. 

t Introduction 

Rhinoviruses are the most important common-cold vi- 
luses to be discovered- The name rhinovirus reflects the 
prominent nasal involvement seen in infections with these 
vhses. The large rhinovirus genus. which is a member of 
the Picorrmvims family, contains over 100 different im 
muaotypes. The discovery of the rhinoviruses led to the 
mliition that the common cold is an enormously com- 
plex syndrome. The number of antigenically distinct rhi- 
noviruses is so large that one can be infected with a 
different rhinovirus each year and still not experience all 
the known types in a lifetime. The antigenic diversity of 
the rhinovirus group has proved an insurmountable obsta- 
cle to rhinovirus vaccine development. it is now known 
that the cellular receptor site for rhinovirus is shielded 
horn the immune system, eliminating it as a target for 
vaccines and further discouraging prospects for control of 
rhinovirus colds by this approach. Recent work on rhino- 
virus has focused on understanding pathogenesis and on 
developing control measures such as chemoprophylaxis, 
chemotherapy, and interruption of transmission. 

?. Historical Background 

Rhinovirus colds may have affected humans and 
higher primates for many thousands of years, although 
nataral rhinovirus colds have not been documented in 
nouhumau primatesc83) A closely related member of the 
Pkomavirus fan&y. poliovirns, is known to have caused 
buman disease in ancient times, so it is-probable that 
dtiaovimses were in existence then also. Colds were a 
nuisance in early civilization; then, as now, many useless 

lad; M. Ganltney, Jr- l Dqmttttent of Inkmal Medicine. Univer- 
dry of vzginia School of Medicine, Charlottesville, Virginia 22908. 

remedies were proposed for their treatment. In 400 nc, 
Hippocrates noted that bleeding was a frequently used, 
although worthless, treatment for colds. In the tirst cen- 
tury, Pliny the Younger prescribed “kissing the hairy 
muzzle of a mouse” for colds. The first sound epidemio- 
logic knowledge about acute respiratory disease came 
with the observations that sea voyagers and the inhabi- 
tants of isolated communities were free of colds while not 
in contact with the outside world but developed colds 
when such contact was reestablished. This led to the 
important conclusion that colds are contagious. 

Direct evidence of the infectious nature of colds 
came in 1914 from the volunteer studies of Kurse,(t40) who 
produced experimental colds in volunteers by intranasal 
inoculation of cell-free filtrates of nasal secretions from 
persons with colds. Similar experiments by Dochez et 
uZ.(~OJ in 1930 confirmed that colds could be transmitted by 
bacteria-free filtrates, suggesting that the responsible 
agents might be viruses. At the same time, epidemiologic 
studies of acute respiratory disease in populations had 
been started. Van Loghem(z7J measured the incidence of 
colds and observed their relationship to the seasons. Frost 
and Gover<7*) made the perceptive observation that com- 
mon respiratory disease appearing during the months of 
high prevalence, September to March, was composed of a 
series of short epidemics of irregular sequences and mag- 
nitude. This suggested that colds were caused by a variety 
of different agents occurring in succession. In the 1940s 
and 1950s. long-term studies of colds in the home by 
Dingle er aLt4@ yielded precise information on attack rates 
by age and the importance of the home as a site for trans- 
mission of respiratory infections. During the same period, 
a group at the Common Cold Research Unit at Salisbury, 
England, headed by At&ewes and later QneU, was vigor- 
ously pursuing questions related to the etiology and epide- 
miology of colds.(*) Colds were successfully transmitted 
in volunteers using nasal secretions that were later shown 
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to contain rhinoviruses. Attempts at tbe time to establish 
growth of the virus in artificial culture were unsuccessful. 

Specific work on rhinoviruses began in 1956 when 
Pelon ef uL.(‘~~) and Price.(*s5) working separately. reported 
the isolation of a new virus that was subsequently given 
the designation rhinovims IA. Within a few years, KetJer 
er uZ-,(‘~‘) using the highly sensitive human embryonic 
lung cells developed by Hayflick and Moorbeadcn3) and 
employing growth methods developed at the Sahsbury 
Common Cold Unit,(z26) isolated a number of different 
serological types, indicating that the rhinovims group 
would not be small. Epidemiologic studies conducted by 
Hamre and Prockno~~Oz) during the same period estab- 
lished that rhinoviruses were responsible for a significant 
amount of acute respiratory disease. Specific rhinovirus 
infection rates and the finding of recurrent fall peaks of 
rhinovirus colds were reponed from a longitudinal study by 
Gwaltney et al.@) Jn further studies of rhinovirns epide- 
miology by Monto, (‘% Dick et uI.,(~) and Hendley et 
al. ,(I’@  the importance of the family setting and of school- 
children in particular in favoring rhinovirus transmission 
was demonstrated. Couch ez &(38) noted the surprisingly 
small amount of virus necessary to initiate experimental 
infections in volunteers. This group also provided impor- 
tant information on the pathogenesis(x) and immunology 
of rhinovirus infections.u93) In 1967, a collaborative pro- 
gram directed by Kapikian ef aL(132) assigned numbers 
l A-55 to the rhinovirus types then known. In 1971. a sec- 
ond phase of this program added types 56-89.(i33) Results 
of a third phase of the numbering program completed in 
1987 has extended the numbering system to include 100 
rhinovirus types. (97) More recently, work has focused on 
understanding routes of viral transmission(*592n7) and 
mechanisms of pathogenesis.(2’4.z~z~) Also, the structure 
of the viral shelJ~1w~19s) and the composition of the viral 
genomec2*) have been determined and a new therapeutic 
approach consisting of the simultaneous administration of 
an antiviral agent and of compounds that block the action 
of selected inflammatory mediators has shown promise.(a) 

3. Methudoiogy Involved in Epidemiologic Analysis 

31 Surveillance and Sampling 

Longitudinal studies of rhinovirus epidemiology have 
provided data on finovirns attack rates. Surveillance of a 
population of young adults at an insurance company in 
Charlottesville, Virginia, was conducted by collecting iJJ- 
ness data on symptom-record cards in conjunction with 
weekly personal contact by a nurse-epidemiologist.(“) 
This nurse also collected samples at the time of illness. In 

addition, samples were obiained weekly from asymd 
tomatic persons in a randomly selected sample of the 
study population. In another study, families corn repre- 
sentative segments of the population in Tecumseh, Michi- 
gan, were surveyed by weekly telephorl( contact with a 
single household respondent who provided illness infor- 
mation for the famiJy.(‘60~‘65-167) In the third investigation, 
mothers of families with newborn infantsin a group health 
cooperative in Seattle, Washington, recorded illness infor- 
mation on their families and were visited twice weekly for 
routine sampling.oO) In the latter two studies, specimens 
were collected during home visits by a nurse-epidemiolo- 
gist when illness was repotted to the study team by tele- 
phone. Specimens for viral culture are usually collected 
from adults by nasal swabs or nasal washes. In young 
children, nasopharyngeal aspirates have been reported to 
be superior to nasal swabs for rhinovirus isolation.(41) 

3.2. Methods of Virus Isolation, Propagation, aud 
Identification 

Cell culture is the standard method for rhinovims 
isoIation and propagation. Rbinovimses grow hest at teti- 
peratures of 33-34°C under conditions of motio#@ and 
will not grow in embryonated eggs or suckling mice. Most 
epidemiologic studies have employed human embryonic 
lung cells. strains W138 and MRC5, or strains of human 
embjonic lung cells originated by tbe laboratory con- 
ducting the study. Rhinovirus cytopathic effect in WI38 
and i’vlRC5 cell cultures is readily discernible, making 
these easy systems with which to work. The sensitivity of 
these cells to rhinoviruses appears to be similar to that of 
the nasal mucosa of volunteers. Volunteer challenge ex- 
periments comparing rhinovirus median human and tissue 
culture infections dose (HID, and TCLD& have shown 1 
HID,, to be equivalent to O-03-0.75 TCQ,.(sJ) 

There are problems, however, with the use of human 
embryo&c lung-cell cuJhlres. The sensitivity to rbiio- 
virus of cell strains of different origin may vary IOO-fold 
or more, for poorly understood reasons.(‘3) Also, different 
lots of the same strain, such as W138, may have unp&ict- 
able v&ations in rbinovirus sensitivity that are unex- 
plained-~) Interpretations of rhinovirus morbidity data 
must take these variations into account, since rates of 
rhinovirus-associated illness are dire&y related to the 
sensitivity of the cell cultures used 

Rhinoviruses will grow in other ceJJ lines and strains 
derived from human and primate tissues, including rhesus 
monkey kidney. human embryonic kidney, and KB. The 
sensitivity of these cells for rhinoviruses tends to be less 
consistent than that of W138 cells. A strain of HeLa cells 
with enhanced sensitivity to rhinoviruses has been devel- 
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oped and proven useful for pmpagation of antigen and for 33. Methods Used for Serological Surveys and 
serological procedures.(“)These M-HeLa cells have been Antibody Measurements 
used to grow rhinovirus harvests with exceptionally high 
titers (109 PFU/~~XB@~) and to prepare large quantities of The multiplicity of rhinovirus types and their relative 

antigen in suspension c~ltures.(~~~ Certain rhinovirus sero- immunologic specificity have prevented the general use of 

types were recovered from original specimens with M-HeLa serological tecbuiques for measuring infection rates. Se- 

cells but not with humart diploid-cell cr~ltures.~~~t~~~ All * rological study of infection rates is possible, however, 

the first 55 numbered rhinovirus types have heen plaqued 
using a method that employs HeLa cells and an agarose 
overlay containing medium with added magnesium and 
DEAE-dextran.t6a) 

The earlier division of rhinoviruses into H and M 
strains on the basis of growth in cells of htuimn or monkey 
origin has been of limited epidemiologic importance. M 
strains tend to grow better in cell culture and thus were 
more easiiy recovered with the less sensitive systems used 
in earlier studies@“) Consideration should be given to the 
greater ease of recovery of M strains when epidemiologic 
data are being evaluated, since this variable could result in 
overestimation of the importance of M rhinoviruses. Re- 
cent work has shown that H strains can be adapted to grow 
in monkey-kidney cells. suggesting that the division into 
H and M strains is not based on major differences in the 
biological properties of rhinovintses.Cs~ 

when the types of rhinoviruses circulating in small popu- 
lations, such as families, are known from viral cultures. 
Testing for the presence of rhinovirus antibody has been 
done with the neutralization (N) test. The N test has been 
used to identify specific antigenic types of viruses and to 
measure antibody in human serum and nasal secretions. 
An ELlSA has recently been developed for measuring 
rhinovirns antibody in serum and nasal secretions that was 
reported to correlate well wjth the N test.(*) 

Orgnn‘cultures of fetal human trachea and other 
ciliated epitheIium have been used to isolate rhinoviruses 
that did not.grow @ ially in cell cuiture.(r~~ Compati- 
son of the sensitivity for rhinovirus isolation of standard 
cd culture and of organ culture has failed to show clear 
superiority of the organ-cultum system(rnr); both systems 
are necessary for optimal recovery of these viruses. Once 
isolated in organ culture, rhinoviruses can usually be 
adapted to cell culture. The organ-culture strains have 
been found to’be types that have also been recovered in 
cell culture. Because of the lirpited supply of fetal mate- 
rial, it has not been possible to use organ-culture systems 
in large epidemiologic studies. 

The use of the polymerase chain reaction with nu- 
cleic acid probes has also been adapted to detection of 
rhinovirus in clinical specimens.tkt29) The sensitivity of 
this method compared to sensitive human embryonic lung 
cell cultures and its practicability for epidemiologic 
stndies have not been well defined Also, an enxyme- 
linked immunosorbent assay @USA) has been developed 
fa detection of rhinovirus.(44) 

Experimental infections witb human rbinoviruses 
have been produced in chimpanzee@ and gibbons,(rs3) 
and a variant of human rhinovirus type 2 has been adapt4 
to replicate in the lungs of Balb/c mice.(u2) Rhinoviruses 
have been isolated from cattle,os7) and respiratory viruses 
with characteristics similar to those of human rhino- 
viruses have been recovered from cats@) and horses.(49) 

In experimental rhinovirus infection, virus shedding 
was found to be more sensitive than antibody response as 
a means of detecting infection,(u4) whereas in studies of 
natural infections, either procedure alone identified only 
about two thirds of the diagnosed infectionsj9) In family 
studies, 20-40’16 of total infections were detected only by 
serology in persons who had both tests performed(46.r16’ 

For typing rhinoviruses. hyperimmune rhinovirus 
antisera have been produced in a number of animal spe- 
cies, including rabbits, guinea pigs, calves, goats, and 
baboons. Some goat and calf antisera have contained 
cytotoxic substances that have caused difficulties in the 
interpretation of N test resu1ts.Q’) The large number of 
rhinovirus serotypes has led to the use of antisera pools for 
serotype identification. An efficient method of antisera 
pooling is the cotnbinatorial metbod.03s)Serological iden- 
tifications of rhinoviruses in large epidemiologic studies 
can be done with pooled antisera used in micmneutrahxa- 
tion systems.QsJ39) 

The accepted standard for serological identity of an 
unlmown rhinovirus is neutralization of virus concentra- 
tions ranging from 10 to 300 TCIDs, by 20 units of 
dbody.(130) For measuring N antibody in human serum 
and nasal washings, it is uecessary to use small doses of 
virus (3-30 TCIDs,,) for the test to have satisfactory 
sensitivity.tn) 

4. Characteristics of tbe Vim tbat Affect 
the Epidemiologic Pattern 

4.1 Physical and Biochemical Characteristics 

Rhinoviruses have physical and biochemical proper- 
ties that put them in the picomavirus family (Table 
1).(i72~t732z06~p8) The human rhinovims virion is a 30-nm- 
diameter, nonenveloped particle with a shell composed of 
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Table l. Characteristics of Rhinovirus 

Physical and biockmical Biological 
size:3omn Optimal temperature of growth 
Shape: capsid with icosahadral 33-35-C and restriction of 

symutctry with proposed growth at 37°C 
structure of 60 topics each of Inability to survive and 
four polypeptidcs (VPI-VP4) replicate in the inkstinal 

Nucleic acid: siogle-straoded lrdct 
RNA of 2.6 -t 0.1 x  106 Survival on skin and 
dilltons (30% of rota! particle environmental smfaces 
mass) Two receptor families for host 

Ether: resistant cells 
Acid: labile (pH 3-5) 
Virus: synthesis and maturation in 

cytopl=m 
Anti&wtic 

Native antigenicity type-specific (D antigenicky) 
One hundred or more numbered native atttigenic types 
Direct and indirect antigenic relationships between some native aoti- 

genic types dcmonsttable with hyper immuw seta 
Altered amigcnicity (by heat or urea): cross-reactive between types (C 

antigcnicity) 

three proteins (VPl, VP2, VP3).(r95) The rhinovirus shell 
is more loosely packed than that of enterovirus. account- 
ing for rhinovirus greater buoyant density and its suscep- 
tibility to inactivation on acid exposure. X-ray defraction 
studies of the rhinovirus shell have disciosed the presence 
of a depression on the surface at the junction between the 
plateau of VP1 and those of VP2 plus VP3.(W This 
depression contaius the recognition site for the host celI 
receptor. 

‘Ihe genome of several rhinovirus types has been 
sequenced, that of rhinovirus type 14 being 7209 nucleo- 
tides long.(22) Rhinovirus genomes have been found to 
share 45 to 62% homology with poliovirus genomes. 
Similarity in physical natnre of the two groups may help 
explain similarities in epidemiologic behavior, i.e., in- 
creased prevalence in late summer and fall and possible 
spread by direct contact with infectious secretions. 

4.2. Biological Cbsracteristics 

The biochemical basis for the optimal temperature 
range for rhinovirus growth is unknowns, but this prop&y 
may be of major epidemiologic importance (Table 1). The 
mean temperature of nasal mucosq 33-35°C. corre- 
sponds to the optimal temperature for rhinovirus replica- 
tion. At 37°C virus yields fall to lo-5095 of optirnum~2ts) 
In natural infection in man, rbinovirus concentrations are 
higher in nasal secretions than in pharyngeal secretions, 

saliva, or secretions obtained by simula 
sneezes.(rrq Attempts to isolate rhinov 
have not been successful>ws9) n 
vive and replicate in the intestinal tract. S 
virus survival in tbe gut suggest t&t the 
37°C may be a decisive factor in inhi 
though gastrointestinal secretions and transmit t 
also have adverse effects on virus survival.(~) 
of these observations, it may be possible tb 
for the different pathogenic and epide 
of enteroviruses and rhinoviruses is the different 
optimal temperature for growth of the two g 
viruses. 

Rhinoviruses have been divided into three 
the basis of their cellular receptors.(rs) Ninety-one 
viral immunotypes. the ?najor group,’ 
lar adhesion molecule-l (ICAM-1) cellularrec 
Another 10 immunotypes (IA. IB. 2,29-31, 
62) use another unknown receptor, while type 
sialic acid for attachment ICAM- binds into the 
sion on the viral surface, a site that 
antibody.t172) Vi attachment to cellu 
blocked when an immunoglobulin 
binds to the surface of the virus in a 
.canyon.Q08) 1CAM-l expression in 
by some cytokines and inlribited by others.(J**) 

4.3. Antigenic Characteristics 

Rhinoviruses in their native state contain 
specific surface antigens (Table 1). By means of a 
resolution,(rgq) four previously recognized neu 
immunogenic regions@u*r have been identified 
protrnsions on the viral shell. On the basis of co 
programs, rhinoviruses have been classified 
l-100 and subtype 1A.(97J3r.n2r Using antisera 
l-89, it was possible to identify over 90% of wild 
Gtus strain8 recoveted in three epidemiologic 8tudi 
This suggests that most rhinovirus immunotypes 
those currently circulating in the United States, haven 
been identified’and that new types 
emerging. 

The criterion for the selection of numbered prot 
viruses was the absence of cross-neutralization with 
prototype candidates using animal hyperim.mune an 
serum at dilutions of 1: 2-20 in a standard N tes 
was a virtual absence of cross-reactions with the 
that were used in the numbering progtarn. Recent 
with high-titered hyper- imnmne antisera, discussed 
has disclosed autigeuic relationships among some of 
numbered types that were not discovered in the collaborrt- 



tive program. Despite these findings, which are discussed 
in the next paragraph, the large number of antigenically 
different types of rhinoviruses is undoubtedly an impor- 
taut characteristic of the group. influencing epidemiologic 
behavior and accounting for the frequency of rhinovirus 
colds. 

In an early study, antigenic relationships among dif- 
ferent rhinovirus types were reported, using hyper- 
immune bovine antisera in N tests.@j5) The bovine antisera 
were Iater recognized to contain anticellular antibody. 
When this antibody was removed, the antigenic cross- 
reactions largely disappeared.QO) More recently, potent 
monotypic animal antisera were used to demonstrate both 
reciprocal and one-way cross-reactions among numbered 
rhinovirus types studied.(35Jg8) The cross-reactions were 
usually minor. A number of these relationships were indi- 
rect and were demonstrable only by primary immuniza- 
tion with one rhinovirus type followed by immunization 
with a different but related type. 

The importance of cross-reactions in immunity in 
humans is currently unknown, and the results of work in 
this area are contradictory. Neutralization tests carried out 
with paired sear from patients have usually not shown 
significant cross-reactions following natnraJ rhinovirus 
infections.(‘02) On the other hand, in a study of experimen- 
tal infections in volunteers. heterotypic antibody re- 
sponses were nziativety common afierinfection with some 
types.(6” 

The native antigenicity of rhinoviruses can be altered 
by experimental means. Treatment at pH 5 at 56°C or in 2 
M urea produces viNS particles that react in immunodiffu- 
sion and CF tests with heterologous types. When the 
virus is in this C-antigenic state, which results from a 
configurational change lhat exposes normally hidden de- 
ternrinauts, it is unable to attach to cell receptors. This 
alteration in antigenicity, which also occurs after &us 
attachment to host cells. may be an important step in the 
initiation of infection(14v but probably plays no role 
in immunity to infection. 

5. Descriptive Epidemiology 

5.1. Incidence and Prevalence of Infection 

5-U. Age- anrlSexSpec& Infection and Illness 
Rates. Rhinovirus infections are the most common of 
the acute respiratory infections@zso) and probably the 
most common of all acute infections of humans. Infection 
rates based on virus isolations from routine specimens 
from family members in Seattle with and without symp- 

Table 2. Rhhovinw Infectjon Rates: Cah~bted from 
Surveiliance and Sampling of AII Persons-Well and Ill 

Seattle. Washigtc&S o-1 144 1.21 
2-5 135 0.54 
6-9 22 0.55 

MOrhCrS 208 0.20 
All ages 510 0.59 

Chicago. Ulinois(lO1) 19-32 466 0.740 
Charlortesville. Vinid~ 16-45 500 0.V 

toms were 0.59 per person-year (Table 2). Rates in this 
population ranged from 1.21 in the 0 to l-year age group to 
0.20 in mothers; values were intermediate in children 2-9 
years of age. Similar data collected from medical students 
in Chicago(‘“l) and insurance company employees in 
CharlottesviUe(87~w) gave rhinovirus infection rates of 
0.74 mFO.77 per person-year, respeclively. 

True rhinovirus infection rates are probably higher 
than reported, since currently available rhinovirus culture 
methods lack optimal sensitivity (see Section 3). The 
overall rhinovirus infection rates of 0.74 and 0.77 per 
person-year in Chicago and Charlottesville, respectively, 
are probably minimum values for the true incidence of 
rhinovirus infections in young adults. Adjustment of the 
SeattIe rates for children to those measured for young 
adultsin Chicago and Charlottesville gives projected rhino- 
virus infection rates in young chikiren of up to 15 per 
person-ye&- Of particular interest was the increase in 
incidence of rhinovirus infections in females 20-39 years 
in the Michigan popuIation(ltiJ and 16-24 in the Char- 
lottesville population. These findings may relate to the 
importance of young children in disseminating rhinovims 
in the home, particularIy to mothers. This is discussed in 
section 5.2.1. 

Rhinovirus illness rates have been measured in long- 
term studies of families and insurance company workers. 
The estimated incidence of rhinovirus respiratory illness 
in the Tecumseh. Michigan, study for all ages was 0.83 per 
person per yea#@Tbe annual incidence iu different age 
groups based on actual viral isolation results ranged from 
0.59 in 0- to 4-year-o& to 0.09 in persons over40years of 
age (Table 3). Data collected from the insurance company 
population of young adults yielded a rhinovirus illness 
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%ble 3. Rhiuovirus illness Rates: 
Calculated from Survetttance and Samptiog of Persons with Colds 

Lmation Age W  

Number of Nnmba of 
Perron-years of respiratory illnesses Itlinovirns ihcsss 

observation per pmon-Y- per F-=n-y- 

Tecnmseh. Mi~biganC’~~ o-4 ‘539 4.9 059 
5-i9 1541 2.8 b.13 

20-39 1523 2.2 0.21 
40+ 1757 1.6 0.09 

Charlottesville, Vqinia~*‘~~ M&S 
16-24 240 2.2 OSP 
25-34 204 2.1 050 
35-44 III 23 0.54 
45+ 24 2.2 0.51 

AU males 579 22 0.51 
Females 

16-24 477 2.6 0.60 
25-34 237 2.1 0.49 

_ 34-44 84 21 0.49 
45+ 24 1.3 0.3 I 

Ail ftialcs a22 24 055 
Au persons 1401 2.3 0.53 

‘All m  cakulatcd using rhinovirus isokxioo puntage of 233% khcwcd: 22.9% in malts. 23.6% in females). 

rate of 0.53.@7, Rates for males and femaies derived from 
this study were 0.51 and 0.55, respectively. The higher rate 
in females reflected a greater incidence of total colds in 
females and not an increased incidence of rhinovitis 
recovery from females, since the rhinovirus isolation per- 
centages from males and females were not different. The 
reason for the differences in rbinovirus illness rates in 
these studies is not clear but may relate to variables such 
as the methods of surveillance, criteria used in counting. 
colds, and varying sensitivities of the cell cultures used for 
virus recovery. 

51.2. Prevalence of Antibody and Geographic 
Distribution. Studies of the prevalence of rhinovirus 
antibody support the conclusion that rbinovirus infections 
begin in early cbildbood and continue into adult life (Fig: 
1). Antibody to the various rbiholrirus types begins to 
appear at a early age and increases in prevaknee tbrough- 
out chiidbood and adolescence.tWJ~~*8~4) The pfeva: 
lence of antibody reaches a peak in young adults (mean 
percentage positive: 50%). probably reflecting the effect 
of exposure to young children in the home.@@ Antibody 
prevalence then declines to a slightly lower levul that 
persists throughout adultbood. Studies of antibody in sera 
collected serially from the same person show persistence 
of antibody at relatively stable levels for yearset@ The 
mechanisms by which rbinovirus serum antibody levels 
persist are unknown and could include inherent stability 

--- 

of antibody formed initially, recurrent antigenic stimula. 
tion from infection with the same or related types, or both 
The slight decrease in prevalence of antibody after tbt 
early adult peak (pig. 1) suggests that adecline in antibody 
occurs when viral exposure is lessened. Limited work has 
also shown that artificially induced N antibody in nasal 
secretions may persist for at least 330 days following 
intranasal vaccination.(r~ 

Information is also available on the prevalence in 
adults of serum N antibody to each of the different sero 
types, l A-55. in the groups studied, antibody was present 
in all the types tested (Fig. 2).@@ Tbe prevalence of 
antibody ranged from a low of approximately 10% i0 a 
high of approximately 80%. and there was no sharp divid- 
ing point between types associated with high and Iow 
antibody prevalence. 

Shuiies of rhinovirus-antibody prevalencein specimem 
from many different parts of the world have shown that 
rbinoviruses have a worldwide distribution.@t9) Broadly 
speaking. there were differences in prevalence of antibody 
among counhies for any particular virus tested. Rhinovirns- 
antibody prevalence in tropical areas is equal to or greater 
than that in the tcnqerate zone. 

5.U. seasonal Distribution of Infectio~~~. In 
an early epidemiologic study of acute respiratory disease 
in which virological methods were not available. Frost 
and GoverJ7*) noted that “during the season of high preva- 



Figure 1. Distribution of N antibody in human sem 
according lo age. A total of 184 sera were tested at I:4 

3 o 
z 

dilutions vcnus rhinovitus types IA-55 Tbc vertical 
brackets represent theSEhI. With permission of Ham- 
palian er a1.W) 

lence. from September to March, inclusive, the incidence 
curve [for colds] in each locality exhibited a series of 
oscillations, constituting a succession of‘ epidemics, each 
of several weeks’ duration, rather irregular in sequence 
and magnitude, but clearly not attributable to mere chance 
fluctuation.” The data from this study showed that one of 
tbe recurrent epidemic peaks of colds occurred in the early 
fall. usually in September. Later, in the Cleveland family 
study of minor iilness, a Septeldber peak of colds was a 
prominent feature of the seasonal pattern of illness, al- 
though no respiratory viruses could be associated with this 
period.(48) Studies using virus cultures have now shown 

o-O.25 0.3-l 14 5-10 11-20 21-30 3140 41.&O 51-60 >60 
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AGE GROUP IN YEARS 

that rhinoviruses account for a major part of this early fall 
outbreak of colds that annually initiates the respiraloly 
disease season (Fig. 3),(*7) although this has not been 
observed in all Iocations.(‘66) In adults with colds in the 
eastern United States, rhinovirus infection rates reached 
their highest annual point (3.5 illnesses/1000 per day, 1.28 
per person-year) in September. At this time, rhinoviruses 
accounted for approximately 40% of all colds and greater 
than 90% of diagnosed colds. Rhinovims infection rates 
fell and remained low (l-1.5/1000 per day) in the winter 
and early spring. A second peak of rhinovirus illness 
occm~ed in April and May. Although total respiratory 

Figure 2. Pcrccntages of human sera with N antibody z IO 

to rbinovirus types LA-55. A total of 148 sera were 
tested at a 1:4 dilution. With permission of Hamparian 0 
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rates were falling in the spring. rhinoviruses were associ- 
ated with a substantiaI fraction of ail colds during tltat 
time. Throughout the summer, rhinovirus infections con- 
tinued to account for an important part of all colds, al- 
though respiratory illness rates reach their lowest point at . 
this time. 

In the tropics. the respiratory disease season coin- 
cides with the rainy season, beginning in May and June 
and ending in November and December.CtW) Rhinovims 
infections were most prevalent during the rainy season in 
Par~arna.(~~~) In the continuously humid climate of For- 
taleza, Brazil, rhinovi~ses were recovered from 17% of 
young children with colds. and over a ayear period, the 
prevalence of infection appeared to show an inexact cor- 
relation with the amount of rainfall.(7) In arctic locations; 
where the respiratory disease season coincides with cold 
weather as in temperate climates, rhinovirus outbreaks 
have been observed, but precise patterns have not been 
Stttdid~‘) 

Although there is a well-established correlation be- 
tween the lowered temperamres during the fall, winter, 
and spring months and the increased occurrence of acute 
respiratory diiease during that period~t~l there is no evi- 
dence to support a diet causal relationship between 
thermal cold and increased rates of infection. As to 
meteorological effects that specifically influence rhino- 
virus infections. a thorough study of weather and colds 
showed that none of nine weather variables including 
temperature had a distribution remotely resembling the 
autumn @resumed thinovirus) peak of colds.(t”) This is in 
keeping with the observations from two long-term studies 
of rhinovirns infections in which prominent September 
peaks of rhinovirus colds were associated with mild sea- 
sonal falI weather and not with the more severe coId of 
winter that requires heating of homes.(**J6*) More direct 

evidence on this question comes from a volunteer study 

FIgure3. lbtalandrhinov~rrspiratoryillnessrares(t1.7S. 
young adults. Data collected over a 7-year period (1963-l 
Adapted from Gwaltoey CI aL(m 

with rhinovirus type 15 in which exp&ure to therm 
showed no adverse effect on susceptibility to ex 
tal infection or severity of iIlness.t5*) 

colds remains a mystetyJ*tl Speculations include 

ing indoors, thus providing better conditions for 
spread.(tB) Also, school openings in the fall bri 
into large groups a segment of the population s 
to rhinoviruses and other respiratory viruses. 

virus survival and infectivity. Chaages. in hluni 
been shown to influence the survival of 
ruses.(14) Rhinovirus survives best at relativ 

CharlottesvilIe, Virginia, indoor relative humi 
mains in the favorable range for rhinovirus surviv 
April through October, which is the period of 
rhinovirus prevaIence.(*tl 

XL4. Distribution of fmmuootypes. A tally 
rhiiovirus imrmmotypes in the United States based on 
published studies revealed wide di&rs;il of most types 
throughout the country.(*cQ Of the first 55 numbered 
types, only type 5. a virus first isolated in I&gland, had not 
beep recovemd in the United States. The SeroIogicaI sur- 
vey cited earlied98) showed antibody to type 5 virus in sera 
from United States populations. Thus, the conclusion that 
rhinovirus types are widely distributed throughout the 
United States and the world is supported by both virus- 
isolation qnd serological data. 

The current impression, based on 1ongimdina.I studies, 
is that multiple types circulate in a geographic area at any 
given time with no discernible pattern to theii appearauce 
or reappearance.(WJcs~ Over several years, some types 
were endemic, whereas others appeared only once or 
twice. It has been proposed tbat certain rhmovitus types 



might possess a higher degree of infectivity than others, 
increasing their importance as a cause of colds and mak- 
ing them prime candidates for inclusion in vaccines.(l61) 
Analysis of the frequency of isolatiou of the various 
rhinovirus types, however, does not show a sharp division 
between “common” and “uncommon” types. Also, types 
most commonly encountered in one study have not neces- 
sarily been the same as those in other studies. From the 
analysis of combined data from several studies, it was not 
possible to designate a particular year as a nationwide 
epidemic year for a particular type, nor was it possible to 
detect pathways of rhinovirus transmission by type across 
the c~untry~~~) 

Long-term studies have shown a gradual change with 
time in the overall distribution of imxnunotypes in a given 
geographic location.~‘*@) lmmunotypes with lower num- 
bers, which in general were discovered earlier, have been 
replaced by higher-numbered. “newer” types and by 
strains that could not be typed with available antisera. The 
reason for the shift in types in a given area over time 
appears to be the large number of stable immunotypes in 
existence and not the rapid emergence of new types of 
rhinovims.(97) 

52. Occurrence in Different !$ettitigs . 
5.2.1. Family. A major site for rhinovirus spread 

in civilian populations is the horne.(dJl6.fiQ The charac- 
teristic epidemiologic pattern in this settiug is for a 
schoolchild or chiid in day care to introduce virus into the 
home, after which transmission occurs to other members 
of the family (Fig. 4). Secondary infections are most 
common in young cbilch-en and mothers, but all members 
of the household including fathers;other adults working 
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outside the home, and adolescents are affected. Intervals 
of 2-5 days are commonly seen between onsets of cases. 

In one study, totaJ respiratory illness rates were high- 
est in pIleschool children.cn6) Rates in housewives were 
similar to those in schooichildren and were consistently 
higher than rates in adults working outside the home. 
During the height of the epidemic, the frequency of rhino- 

, virus infection as determined by culture and serology was 
similar in all age groups. Later, in October, total illness 
rates were seen to decline in adults and older children, 
while young children continued to have frequent colds for 
which no etiology could be established. The presence of 
children in the home was associated with total respiratory 
illness infection rates for adults that were higher than for 
adults who did not have this exposure. At the height of a 
September peak of iIJness. rhinovirus respiratory illness 
rates for all family members, adults and children, were 
approximately 811000 per day (2.92 per person-year), 
calculated on the basis of rhinovirus causing 40% of faJl 
cold.% 

In one family study, the rhinovirus attack rates for 
two epidemic types were 25 and 50%.(46) and the attack 
rate for type 16 in au outbreak in families in a smalJ 
Alaskancommunitywasnearly70%.~')In another study, 
the secondary attack rates for members of families into 
which a rhinovims had been introduced were inversely 
proportional to preexposure serum antibody levels: 71,50, 
and 21% of persons with titers of GZ. 4, and 8-32, 
respectively, were infected.(n4.1J6) Based on the results of 
a study of colds in tbe tropicsp**) the secondary attack rate 
with type 39 was calculated to be 56% in a&body-free 
persons.(*16) 

5.22. Schools. A key study has shown that rhino- 
viruses spread efficiently among children in nursery 
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Figore 4. A family outbreak of colds caused by rhinovirus type 40. 
(a) Periods of symptomatic illness: (RV 40) positive vht.5 culture. 
The diagnosis of tkiiovints infection in the index case (grammar- 

$$O’ 

school child) was made by serology. Adapted from Hendley ct uL(*W 
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school,t9J thus establishing transmission in school as an 
important step in rhinovims dissemination in civilian pop- 
ulations. Spread of some Jypes in the schoolroom was 
extensive, involving up to 77% of children. However, half 
the serotypes introduced into the groups showed no evi- 
dence of spread. The reason for the lack of spread of some 
types is unknown, but the authors concluded that it was 
not related to characteristics of the associated illness. 
patterns of virus shedding, or levels of immunity. Spread 
was most pronounced during March and April. a recog- 
nized time of increased prevalence of rhinovi~us colds. 
The study unfortunately did not extend through the Sep- 
tember peak of rhinovirus infections. 

Rhinovirus activity has been observed in dayschool 
groups at various grade levelstJ76) and in boarding school, 
university, and medical school populations.(PJ.J”J.J34~*s~J**J 
Rhinoviruses are a prominent cause of morbidity in these 
groups, although information on their specific epidemio- 
logic behavior is not available. Presumably, spread in 
older children, adolescents, and young adults who are part 
of closed populations such as boarding schools occurs 
among roommates, friends. members of athletic teams, 
and the like. 

52.3. Military. Rhinoviruses account for a large 
amount of the morbidity associated with upper respiratory 
tract infections in military popuIations.C6*~J2*~J~J In a pro 
spective study of Navy and Marine recruits, 90% of the 
men developed rhinovirus infection during a 28&y ~?e- 
riod in basic training, giving an attack J-ate for this period 
of 11.7 per person-year!(*9tJ Of these iniecuons. 75% oc- 
cm-red within Jhe first 2 weeks of training, and simul- 
taneous or closely spaced infections with two different 
serotypes in the same man were common. The epidemio- 
logic behavior of the numbered rhinoviJuses in military 
populations is generally similar to that in civilians, show- 
ing a constantly changing mosaic of different type.~(J~J 

6. Mechanisms and Routes of ~ansmIssion 

Although considerable work has been done on the 
question, the exact mechanism by which rhinoviruses are 
passed from person to person is unknown.(JJsJ As dis- 
cussed above, chiIdren are the most important reservoir of 
the virus, and home and school are the places where 
spread most often occurs. In volunteer experiments, close 
personal contact appears to be necessary for virus to 
spread efficiently from an infected to a susceptible suh- 
ject.(4zJ2J) These facts rdone suggest that spread is most 
often by some type of short-range exposure to infectious 
secretions. Irrformation on the various steps in the se- 

quence of transmission is best evaluated in relation 
question of spread by direct manual contact with 
tious secretions versus spread by contact with 
cont+uinated aerosols of large or small pa&l 

Virus shedding, the first step in the seq 
primarily from the nose. Under exper-Gment 
the amount of rhinovixus in the nasopharyng 
volunteers peaked (832 
inoculation and then fell to 
to 2 weeks.t%) Some volunt 
of nasal shedding characterize 
buildup over 7 days to relatively low maximum 
concentrations (41 TCIDs,,/ml). Comparisons 
virus concentrations in respiratory secretions 
jeets with natural colds have shown that the quanb 
virus in nasal mucus tends to be lO- to 1 
than in pharyngeal secretions>Jr7) Also, 
only 50% of the time in saliva, where it 
concentrations. In keeping with the re 
rhinovirus in saliva was the finding that virus was i 
quently recovered from simulated co 

The relatively poor yield of vi 
interpreted as evidence against spre 
since aerosols produced by coughing and sneezin 
mainly of oral origin, coming primari 
saliva in the anterior part of the mo 
hand, the idea of nasal mucus as a 
missible virus is appealing because o 
titers of virus in mucus and the great potential for people 
with colds to contaminate the environment, including 
lingers, with this substance. Rhinovirus has been recov- 
ered from the hands of 40-90% of adults with natural(JJn 
and experimental c~ld.st~~.~~J*~ and from 6 and 15% of 
selected objects in the environment of persons with exper- 
imental and natural colds, respectively.C~t*JJ Information 
obtained on the second step in trmunnission, virus survival 
in the environment, indicates that rhinovirus in concenmi- 
tions found in nasal mucus survives regularly for up to 3 hr 
on skin and a variety of surfaces such as wood, plastic, 
steel, Formica, and hard fabries>J*JJ 

Evidence in favor of spread through the air comes 
from experiments in which biological tracers, the spores 
of Bacillus mycoides, were placed in the nose. These 
experiments showed that blowing the nose and espe&Ily 
sneezing could produce droplets containing the tracer that 
were small enough to &main airborne and yet in the size 
mge (3-16 pm) that is likely tohe trapped in the oose.ft~ 
Rhh~ovims survival in aerosol is enhanced by low tem- 
perature and high hun~idity.t*~J 

Whatever the method of transfer, virus must reach an 
appropriate portal of entry to complete the sequence of 



events leading to successful spread. Under experimental 
conditions, small quantities of rhinovirus (the HIDso 
equivalent to 0.032-0.75 TCID,d placed in the nose in 
coarse drops wilJ efficiently initiate infection. There is 
indirect evidence that similar small amounl~ of vi& may 
initiate infection under natural conditions.(1’4) Experimeo- 
tal infections have been produced by the inhalation of 
rhinovirus aerosols with particle sizes in the true droplet 
nuclei range (0.3-2.5 em) but require approximately 2@ 
fold greater concentrations of virus than intranasal chal- 
lenge. Thus, it appears that the nasal mucosa is more 
susceptible to rhinovirus than is the lower respiratory 
tract.(3@ In this experiment, it was not possible Lo exclude 
the possibility that infection resulted from the fraction of 
the viral aerosol that was deposited in the nose rather than 
that reaching the lower respiratory tract. Experimental 
rhinovirus colds have also been produced by dropping 
small amounts of virus on the conjunctiva,(zOJ”) indicat- 
ing that the eye may be anotber portal of entry for rhino- 
virus. In contrast, rhinovirus placed in the mouth does not 
readily initiate infection.(un In related experiments in 
which infected and susceptible volunteers kissed under 
controlled conditions, oral contact was an inefficient 
method of causing spread.(‘*O) 

From the resuIts of the work cited above, it appears 
that rhinovirus must reach the nasal mucosa for efficient 
initiation of infection. Observations carried out on adults 
at medical conferences and in Sunday school show that 
normal behavior includes placing fingers into the nose or 
onto the conjunctiva with regularity.(*‘n Episodes in 
which finger contact with nasal and conjunctival mucosa 
occurred were measured on the average of two per 3 
person-hours of observation. This type of behavior pro- 
vides sufficient opportunity for accidental self-inoculation 
if the fingers are contaminated with virus. The alternative 
method of spread, transmission via airborne particles with 
deposition in the respiratory tract, is also feasible. The 
average adult is effectively exposed by inhalation to large 
amounts (approximately 10 liters/min) or air; thus, small 
concentrations of virus in the air may be sufficient to 
transmit infection. 

Indirect evidence on the relative importance of these 
different methods of spread under natural conditions has 
been obtained in studies of experimental infections. In one 
study, airborne transmission of rhinovirus did not occur 
across a wire mesh-barrier from infected to susceptible 
volunteers in closed barracks. In another, infected vol- 
unteers who engaged in singing and other activity de- 
signed to create infectious aerosols failed to spread rhino- 
virus to susceptible subjects confined in the same closed 
rooru.~42) More recently, transmission models have been 
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developed for the hand contact/self-inoculation and aero- 
sol routes of rhinovirus transmission. The hand contact 
model was shown to be quite efficient in one study. with 11 
of 15 volunteers infected after brief hand-to-hand contact 
compared to 1 of 12 infected after exposure by large- 
p+icle and none of IO after small-particle aerosol.@2) The 
hzind contact model has been used to determine the useful- 
ness of vticidal hand treatment,c93) an environmental dis- 
infectanL@@ and viricidal nasal tissues.(IJ2) 

Another transmission model, based on an antarctic 
hut setting has accomplished experimental rhinovirus 
transmission by aerosol.(‘5’) In this model in which elbow 
restraints were used to prevent finger-to-nose contac1.(47)a 
linear relation was observed between transmission rates 
and the number of hours of expo?ure between donors and 
recipients. A large pool of coughing donors and a long 
period of exposure is required for transmission to occur 
With this model. 

While the transmission models allow speculation 
about what might occur under natural conditions, they 
cannot provide definitive answers to that question. To 
discover the natural routes of rhinovirus transmission. the 
performance of selected intervention methods must be 
tested in the natural setting (Table, 4).@5) ‘&o such inter- 
vention studies in a natural setting have addressed the 
hand route of rhinovirus transmission. In one, contact 
prophylaxis with a viricidal hand treatment was associate 
with a 60% reduction in total colds and the elimination of 
rhinovirus colds in the treated gro~p.(~~~) In the other 
study, a programmed reduction in the self-inoculatory 
behavior of young children was associated with a 45% 
reduction in the incidence of asthmatic attacks and a 47% 
reduction in the laboratory-confirm+ respiratory virus 
infection rate.0’) No attempts to interrupt rhinovirus 
transmission in a natural setting have.been reported using 
methods that would block aerosol spread. 

Two studies of contact prophylaxis with natural in- 

‘lbble 4. postulates to l&t 
B lIypotb&s of Microbial won 

1. Mectious miooorganism must be produced in infected host at 
proposed anatomic sowu. 

2. II must be prcsem in sa?erions or tissues that are shed from host by 

pm@ lute. 
3. It must be present and survive in or on the appropriare environmen- 

tal substance or objst. 
4. Tbc contaminated environmental substance or object musI each the 

proposed portal of entry. 
5. lnrcrmption of uansmission by the hypothesized mute must prevent 

spread of infection m&r natural conditions. 
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terferon, while not designed to address transmission 
routes, nevertheless provide useful insight into the ques- 
tion.c”).fM) In these studies, interferon was applied top 
ically into the nose and was associated with marked reduc- 
tion in the natural rhinovirus infection rate, implicating 
either finger-to-nose and/or large-particle aerosol as the 
natural routes of spread. Small-particle aerosols reach the 
tower airway and lungs, and thus the intram& instillation 
of interferon would not be expected to prevent infection at 
these sites. Thus, in sumrpary, a limited amount of direct 
evidence suggests that rhinovirus is transmitted by direct 
hand contact or by a combination of this route and large 
particle aerosol. 

7. Pafhogenesis 

The incubation period of experimental rhinovirus 
colds is 16 to 24 hr,!“‘) but in some cases may extend for 
up to several days.(51H) Virus may be recovered from 
nasal pharyngeal washes in small amounts by Xhr after 
inoculation. Virus concentrations then rise rapidly to peak 

values on days 2 and 3. Maximal virus shedd 
lowed within 24 hr by 
protein from the mucous membrane. 

The virus’ ability to evade muc 
other nonimmunologic 
appears tobe important 
small inocula of virus p 
nonimmune persons routinely Iead to infection.ts 
a study employing serial brush biopsies of s 
the upper airway, point inoculation of the 
with rhinovirus by way of one tear duct 
transport of virus to the posterior nas 
tion of infection at that site.C23o) 
calized in the nasophaxynx in so 

experimental challenge, maximum cIinicaJ illness 
‘occurs during the first 4 days of infection. 

duces little or no detectable damage to the nasal 
hum as determined by histological examination 
biopsies (Fig. 5), ts~nY) although occasional cili 
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thelial cells containing rhinovirus antigen bave been 
found in nasal secretions of infected volunteers,tzu) and 
nasal mucociliary flow rates are decreased.tts7) This led to 
the suggestion that the viral infection acts primarily to 
trigger inflammatory responses by the host, which, in turn, 
lead to the symptomatic iIlness.tzJ6~) 

The role of various mediators and neurogemc re- 
flexes in the pathogenesis of rhinovirus colds is now being 
studied. This is being approached by measuring mediator 
concentrations in respiratory secretions of persons with 
colds, by blocking mediator activity with specific com- 
Rounds, and by challenging vbhmte;ers with mediators 
instilled into the upper airway. Using these approaches, 
several mediators have been associated with symptom occur- 
rence in rhinovirus colds. including bradykinin and Iysyl- 
bradykinin,(6’*‘7’) prostaglandin,t6*J*“) histamine,@1~62*73) 
and interleukin-I (J. M. Gwahney and D. Proud, personal 
communication). ALso, parasympathetict74) and alpha ad- 
renergic(2rt) pathways have been implicated in rhinovirus 
pathogenesis. 

In addition to the nasal cavity, rhinovirus colds also 
affect the lower airway, the middle ear, and the pamnasal 
sinuses. In reports on children with wheezingt1z4) and 
adults with chronic bronchitis or asthma,(14t) rhinovirus 
was recovered more often from sputum than from the nose 
or throat, suggesting that viral replication was occurring 
in the lower respiratory tract. A study using a sampling 
device designed to minimize upper airway contamination 
of specimens suggested that rhinovirus replication was 
occurring in the large airways of volunteers with experi- 
mental rhinovirus c01ds$~~ although it was not entirely 
possible to exclude the possibility that the specimens had 
been contaminated by upper airway secretions. There still 
remains no direct evidence on the question as might be 
obtained by hanstracheal aspiration or lung puncture. 

Rhinovirus infections have been implicated as 
an important precipitant of asthmatic attacks in chil- 
dren.(‘l9.‘23.‘24.‘“.‘~.159) The m&&sm for this is un- 
known, but a decrease in gianulocytic &adrenergic and 
% histamine receptor responses has been observed in 
volunteers with peripheral airway obstruction associated 
with experimental rhinovirus infection. In another 
study, 4 of 19 young adults with mild to moderate asthma 
had decreases in REV, and increases in histamine sensi- 
tivity during experimental rhinovirus infection.(94) 

Rhinovirus infections have also been associated with 
periods of acute exacerbation in patients with chronic 
bronchitis.t63.14s.z13) A decline in pulmonary function has 
been observed in patients with chronic obstructive pul- 
monary disease in association with rhinovirus infec- 
tion.t207, However, the abnormalities have been mild and 

transient. Similar changes in puhnonary function have 
been seen in cigarette smokerst7’) and healthy adtdtstJ”~6) 
with rhinovirus infection. The mechanisms by which rhino- 
virus infection might alter pulmonary function are un- 
known. Direct invasion of the lower respiratory tract by 
the virus is a possibility. but reflex mechanisms or second- 
ary bacterial infection might aiso play a role. 

In addition to asthma and chronic bronchitis, there 
have been multiple reports of rhinovin~s infection in pa- 
tients, especially cbikhen. with other diseases of the lower 
respiratory tractt2939.75.t79) The possibility cannot be ex- 
cluded that concumznt infection with other viral or bacte- 
rial pathogens may have been present and caused the 
illness seen in some cases. The opinion of several workers 
in the field has been that rhinoviruses are not an important 
cause of viral pneumonia, croup, and bronchiolitis in 
c~]~~~~(ll.76.l69.~~~~1~ 

Rhinovirus colds have been associated with the fre- 
quent development of abnormalities in eustachian tube 
function and middle ear pressures in young adults with 
experimental rhinovirus c01ds.t~~ Also, rhinovirus has 
been recovered from middle ear aspirates of patients with 
acute otitis mediat5~m) These findings support the clinical 
and epidemiologic impression that colds have a major rote 
in the pa&genesis of otitis media. Rhinovirus infections 
also have recently been shown to cause abnormalities in 
the paranasal sinuses. In one study, a third of young adults 
with experimental rhinovirus colds had acute abnor- 
malities of the sinus cavities detected by magnetic mso- 
nance imaging.t2”) 

8. Immunity 

Work on the immunology of rhinovirus infections 
has focused on humoral immunity, particularly the role of 
antibody in respiratory secretions. Serum N antibody ti- 
ters rise in up to 7580% of persons with natural or 
experimental rhinovirus coldstzss~~tt6); once present, 
anhiy in se4um is well maintained~*tB) The level of 
naturaily acquired serum N antibody prior to natural or 
experimental challenge is inversely proportional to the 
suh&quent infection rate. Under conditions of exposure 
to rhinovirus in the home, natmaRy acquired serum anti- 
body at a level of 8 was associated with a sharp reduction 
in the infection rate, and serum antibody levels of 316 
were associated with solid immunity.t1~6~ With artificial 
challenge. it is possible to infect, although at a reduced 
rate, volunteers who have higher titers of naturaliy ac- 
quired serum antibody. In one study using relatively small 
challenge doses of virus (0.05-50 TCID,). no infections 
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occurred in volunteers with prechallenge titers of 64 or 
higher.tu4) In other studies in which the infecting inocula 
contained more virus (17-10,000 TCID,J, infections 
were observed in volunteers with prechallenge titers of up 
to 512, presumably as a result of the overwhelming of 
normal immunity by an artificially large virus chal- 
lenge.(27.‘70, 

The findings cited above do not necessarily indicate 
that serunl: N antibody is the primary immune mechanism 
responsible for resistance to rhinovirus, since naturally 
acquired serum antibody is found in close association with 
antibody in nasal secretions.(171J7*) The ratio of nasal 
secretion to serum N antibody after recent infection (a@ 
proximately 1: 2) appears to be higher than that after 
remote infection (approximately 1: 16), suggesting a de- 
cline in nasal secretion antibody with time.t2n Actual 
measuremenfs of nasal immunoglobulin concentrations 
have confirmed that significant falls in titers did occur 
over a 5month period after infection.(121) 

Attempts have been made to determine the relative 
importance and specific roles of serum and nasal secretion 
antibody in protection against rhinovirus infection. Natu- 
rally acquired antibody in nasal wash specimens and serum 
was associated with resistance to “infection” if present in 
sufficient titer before artificial challenge, but it did not 
appear to modify “illness” or virus sheddinga Because 
of the close association of naturally acquired antibody in 
serum and nasal secretions, the findings of this study did 
not answer the questions posed. Another approach to the 
problem was to administer inactivated rhinovirus vaccine 
by either the parenteral or the intranasal route to elicit 
selectively nasal secretion or serum antibody or both. 
Vaccine given inlranasally in large amounts led to the 
production of antibody in both serum and nasal secretions, 
whereas parenteral vaccination resulted primarily in 
serum-antibody productionJ’nJ7*) Intranasal challenge 
with rhiimvisus at a later date resulted in the reduction of 
illness and virus shedding only in volunteers who received 
the intranai vaccine.t17-‘mJ78) In these studies. intranasal 
vaccination was not associated with a clear-cut reduction 
in infecron rate determined by antibody response. There- 
fore, this work suggested that the primary effect of nasal 
antibody was to modify illness and reduce virus shedding. 
This conclusion is in conflict with that of the investigation 
cited abovem and of other reports that have found that the 
major effect of humoral (serum) immunity was prevention 
of infection and not modification of illness.(~J~Jt~*~) 
other studies have reported on finding an association 
between naturally acquired(m and vaccine-induce&@ se- 
rum antibody and reduction of illness and, in the latter 
study, diminished virus shedding. Thus, currently avail- 

able data from studies of the relative 
and serum antibody associated with 
complele agreement; further work is necessary 
a clear understanding in this area. 

Naturally acquired n 
novirus in serum has been found to sediment pri 
the 5-7 S region and to be associated with 

neutralizing activity has also been associated 
IgM-(2X’~8.‘~) 

Under normal conditions, nasal secretions co 
different identifiable proteins found in serum as 
antigenic components not present in serum.(193) 
IgA, the most abundant protein in nasal secreti 
synthesized locally at sites adjacent Lo the mu 
accounts for 30% or more of total protei 
[ions. Rhinovirus-neutralizing activity in 
is associated primarily with IgA in 9-l 

S regionsJ138j The sympto 

proteins, including IgG, into nasal secretions.( 
cessation of illness, the concentration of serum 
nasal secretions falls rapidly; at this time, 

increase in specific neutralizing activity for the in 
virus. Specific N antibody first appears in 
and serum at approximately 2 weeks in vo 
detectable antibody. Antibody concentrahons mc 
most rapidly between the third and fourth wee 
which time virus shedding is completed. Volunt 
preexisting serum anti 
body titers by as early 
rhinovims has also been found in tears and parotid sali 
where it is associated with the IgA fraction.Csq) 

shown that interferon is releas 
tions during the course! of expe 
tion. This has led to the suggestion 
colds, as in other viral infections, interferon may 
important role in recovery.Q4) 

Limited work has been done on the role of cell 
immunity in rhinovirus infection. Natnrai-killer-like cy 
toxic cells were induced in peripherai blood mononucl 
leukocytes incubated with rhinovirus.(‘42) Also, cro 



immunotype reactivity was elicited in murine lympho- 
cytes from mice immunized with either of two rhinovirus 
typed’“) 

9. Patterns of Host Response 

9-1. Clinical Features 

Rhinoviruses produce a typical common cold char- 
acterized by rhinorrhea, nasal obstruction, sneezing, phar- 
yngal discomfort, and cough. The medial length of natural 
illness in young adults is 7 days, with peak symptomatol- 
ogy occm& on the second and thii days of illness.(ss) 
Symptoms last up to 2 weeks in one fourth of cases and 
may be prolonged to 1 month, although secondary bacte- 
rial infection may play a role when this occurs. Volunteers 
with experimental rhinovirus colds have had an average 
(2 SD) of 23 g (2 22) of nasal secretions over the lirst 5 
days of illness.(t74) The profile of rhinovirus illness can be 
distinguished from that of influenza by the relative sever- 
ity of systemic complaints and cough that occur with 
influenza (Fig. 6). Rhinovirus colds differ from group A 
@hemolytic streptococcal pharyngitis in having more na- 
sal involvement and cough and less severe and prolonged 
pharyngeal discomfort- This information is unfortunately 
of limited value to the clinician. In the individual patient, 
it is impossible to distinguish, on clinical grounds, rhino- 
virus colds from those caused by other common respim- 
tory viruses. 

In children, rhinoviruses also produce the common 
cold syndrome.(ltJso) Whether rhinovimses cause more 
serious disease in children, such as viral pneumonia, 
croup, and bronchiolitis, is still not clear. As discussed in 
Section 7, the prevailing opinion is that rhinoviruses, 
unlike paminfluenza viruses and respiratory syncytial vim, 

do not commonly cause these diseases. 
Cough is a prominent feature of rhinovirus colds in 

patients of all ages, indicating that involvement of the 
lower respiratory tract of some type does occur. The 

frequency and duration of cough are markedly increased 
incigarette smokers, particularly females, with rhinovirus 
c01ds.C~) Also, it has been reported that up to 40% of 
exacerbations in patients with chronic bronchitis may be 
associated with rhinovirus infections.(63*‘41,*49~13) 

Rhinmiruses are among the respiratory virnses that 
precipitate asthmatic attacks in chihlren~u9J4s~t~ They 
appear to play an especially important role in causing 
wheezing in older childreo.(t~J24J51 Multiple setotypes 
have been implicated.(t54) Also, asthmatic children have 
been found to experience a significantly greater number of 
viral respiratory infections. primarily caused by rhino- 
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FIgare 6. Comparison of sympwm profiles of rhinovirus colds (139 
cases). type 4 influenza (33 cases), and group A fJ-hemolytic strepro- 
coccal pharyngitis (17 cases). Adapted from Gwal~ney or o/.@J 

viruses, than do nonasthmatic controlslt52) These findings 
are of interest in view of an earlier report that volunteers 
with a history of allergy have enhanced susceptibility of 
experimental colds.(t261 

During acute rhinovirus illness in volunteers, there is 
a modest increase in circulating neutrophils.(“l Later in 
the infection, moderate elevations in the erythrocyte sedi- 
mentation rate may occur. The diagnosis of rhinovirus 
infection is best accomplished by isolation of the virus 
from nose-and-throat-swab or nasai-wash specimens. 
There is currently limited availability of facilities for the 
laboratory diagnosis of rhinovirus infections in routine 
medical practice.(t79) 
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9.2. Appamnt-Lnapparent Infection Ratios 

Data based on virus isolations are available from 
several studies for calculating apparent-inapparent iofec- 
tion ratios for rhinovituses. The results, which are in good 
agreement, indicate that the majority of rhinovirus infec- 
tions are associated with symptomatic respiratory illness. 
The percentages of rhiiovifus infections associated with 
iliness were 63% in familiesJ136) 88% in medical stu- 
dents,(io’J02) 69% in insurance company employees,ts~ 
and 70-74% in miliary trainees.trz*~‘“) Thus, the ratio of 
apparent to inapparent infections is approximately 3 : 1. 

10. Control and Prevention 

A vaccine approach to prevention of rhinovirus 
colds, a long sought after go~~3365~56.69.%.i55.170.186.19B214) 

has not been successful. The antigenic diversity of the 
group has proved too much of an obstacle for currently 
available vaccine technology (Table 5). Other approaches 
that have been investigated include antiviral agents for 
prophylaxis and treatment, combined antiviral antimedia- 
tar treatment, receptor blockade, and interruption of trans- 
mission. 

Interferon was the first antiviral substance shown to 
provide effective prophylaxis against rhinovirus in hu- 
mans.(rsO) Recombinant interferon-al applied topically in 
the nasal cavity is a highly efficacious way of preventing 
both experimental and natural rhinovims colds. The use of 
interferon in this way has reduced infection rates by up to 
80% and clinical illness rates by 60-100% following 
experimental virus challenge>t07J%JcoJ ln the natural set- 
ting, a strategy of contact prophylaxis for persons in the 
home exposed to family members with rhinovirus colds 

lsble 5. Approaches to Control of Rhinovirus Colds 

VacCineS 
Not feasible witb cumxt technology 

Chemoprophylaxis 
Interferon~ effcctivc in cxpcrimmtd and nanual colds 
Caprid binders (R61837, R77975) effective in expcrimeotal colds 

C’=mothaapY 
Combined antiviral antimediator treatment effectivt in expuimati 

dds 
Receptor blockade 

Mooodo~al antibody effccfive as prophylaxis in cxp&ncntai cold 
SolubIe raxptor, no reports of human festing 

lntconpticm of tran5ntission 
Antiviral hand trcatmmt and training to reduce se&inoculatcq be- 

havior efkctive as prophdaxis in naNNt colds 

reduced rhinovirus illness rates by 80%.(60*ia‘r) 
preach may prove to have practical value in clini 
tice. 

occasional small ulcerations.(“~llO~‘il) These 
which occur after 5 to 7 days of interferon ad 

studies of the therapeutic effec 
feron given alone have not bee 
istered as early as 28 hr after vn-us c 
been an inconsistent effect on clinical illness 
mucus weights, although viral titers in nasal s 
were rt%luced.Cro8) 

has also been under investigation.@asr In early 
viruses were found to be susceptible to 2 
benzyl)benzimidazole and related compoun 
specific actions on ViNS 

have not been effec 

compounds called capsid binders, which bind to 
drophoblc pocket within the rhinovirus shell, h 
prophylactic but not therapeutic activity in 
with experimental infection.ttJo5) 

A new approach to treating rhinovirus colds i 
on the idea that effective treatment 
Ously suppmssion of viral replication 
associated inflammatory events trigge 
In volunteers with experimental rhinovirus co 
treatment with topical intranasal interfere 
tropiurii combined with oral naproxen redu 
of full-blown colds that developed in the trea 
and signific%mtly lowered symptom score.~.(~) A 

. 

approach thrt h& attracted inter&t is to block viral a 
ment with either 

ICAM- to bind virus before it reaches natural 
One study in which monoclonal 
phylacticaliy in experimental rhinovirus colds 
promising msults.(ttn) No reports of human 
soluble receptor have be&published. 

Interrupting viral spread also remains 
interest. In one controlled, blinded study conducted un 



incidence of ail colds by 60% and eliminated laboratory- 
proven rhinovirus colds.(l”) However, the iodine solution 
is not practical f&r routine use, and other virucidal treat- 
ments for use on the hands that are effective, safe, and 
cosmetically acceptable have not been found for testing. 
In another study, training children to avoid self-inoculatory 
behavior resulted in- a reduction in cold-associated asth- 
matic attacks and the l&oratory-proven respiratory virus 
infection rale.(3n 

8. 

9. 

IO. 

IL UnresoIved Problems 
11. 

Although the atomic structure of rhinovirus is now 
known, much remains to be learned about how the virus 
interacts with its hum& host. Information is being ob- 
taind on the sites of infection, types of disease, and roles 
of mediators and neurogenic reflexes in pathogenesis but 
knowledge in these areas is limited. Also, the question of 
how rhinovirus colds are naturally transmitted bas not 
been fully answered. Since the prospects for developing 
successful rhinovirus vaccines do not appear good, pre- 
vention of viral transmission may offer the best hope for 
an epjdemioiogic approach to control. Also, better therapy 
for rhinovirus colds may be possible through the develop 
merit of combined antiviral antimediator treatment. 
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RHINOVIRUS INFECTIONS IN AN INDUSTRIAL POPULATION” 

I. The Occurrence of Illness 

JACK M. GWALTNEY, .JR., M.D.,t J. OWEN HENDLEY, M.D.,+ GILBERT SIMON, M.D.,$ , 
AND WILLIAM S. JORDAN, JR., h4.D.1 

CHARLOTTESVILLE, VIRGINIA 

R 
Nl~ov~~USES have been associated with 10 

to 30 per cent of acute upper respiratory ill- 
lesses in several groups of adults.*-6 In March, 1963, 
, sh&. WDS undertaken to define the etiology and 
,pi&niOlOgY of acute respiratory disease in a pop- 
,,lntion of working adults, and the role of a number 
,f viruses was studied initially. Coincident with the 
i&inning of the investigation, improvements in 
.ecl,nology occurred that facilitated the isolation of 
,ll iaoviruses and shifted emphasis to these agents. 
During the first three years of the study, the period 
;onsidered in this t’eport, approximately a qu‘arter of 
.he acute respiratory i lInesses were caused by mem- 
>ers of this large group of viruses. There was 
llarkecl seasonal variation in the incidence of rhino- 
Tinis infection, with annual epidemics in the early 
all being most striking. 

METHODS 

‘opulation 

The population‘cofisisted of all employees of the 
%stern Regional Office of State Farm Mutu<al In- 
~wmce Companies located in Charlottesville, Vir- 

*From the drpxtmencs of Preventive Medicine and ~nterml 31ctl- 
riK universiry of Virginia School of Medicine. 

Cwductcd under the sponsorship of the Commission on .4rurt 
‘-nPimlOr) Diseases. Armed Forces Epidemiological Bowtl. ;rnrl 
“l)Poried in part by rhe OfFi~c of The SU~~COII General. Depmm 
~r Ihe ~n\. and m  part by the Vaccine Development Branch. 
iaGonal Institute of Allergy and Infectious Diseases. National Ins& 
“‘es of Health. 

+Assismnr professor of preventive medicine and internal mcdicinc. 
‘nircrGt; of Virginia School of .Medicine; Edward Livingston Tru- 
lrau FclioW. American Thoracic Society. 

iEpidemic Intelligence Service Officer, United Stata I’ublic Health 
‘en ice: Rearch Fellow in Preventive Medicine and Pediatrics. 
‘ni*ersiG of Virginia School of Medicine. 

‘F”rmcrl\. Epidemic Intelligence Service OAcer. 
‘ublic He;tlth S 

United States 

nd 
cnice. and research fellow in preventiw medicine 

pediatrics. Universitv of Virginia School of hiedicine (present 
“rlress, 
iY). 

Babies Hospital. ‘Columbia -Prcsbvterian Hospital. New York 

crrofe~~(~r and chairman Depar-tment of Preuemive Medicine. and 
‘roress~r Uf Inlernal Mebicine. University of Virginia School of 
lcdicine. 

ginia. As time progressed 2 small divisions of em- 
ployees, such as maintenance men, wge dropped 
because it was difficult tb maintain satisfactory sur- 
veillance. The number under study ranged from 520 
to 570 during the first twenty-four months, and from 
320 to 350 thereafter. The major decrease in popu- 
Iation was due to the assignment of an entire clivi- 
sion to a new branch ofice in another city. Annual 
employee turnover for- the three-year period varied 
from 20 to 30 per cent. 

Eighty-three per cent of the employees were 
younger than thirty-five-years of age; 59 per cent 
were females; 50 per ce& had children, and 30 per 
cent had schoolchildren. Two thirds lived in Char- 
lottesville; the remainder’ were scattered among 49 
different neighborink towns or rural areas. 

Environment 

Approximately 70 per cent of the employees 
worked in one large, incompletely partitioned area. 
The rest were located in smaller groups in separate 
‘areas. Opportunit ies f& employees to leave their 
immediate working area were so frequent that con- 
stant mingling occurred. During the year tempera- 
ture in the building varied from 70 to 85”F., and the 
relative humidity from 30 to 70 per cent. 

Surveillance 

Basic. Employees were asked to record, for the 
appropriate day or days, the occurrence of a number 
of respiratory, gastrointestinal and general spp 
toms, as well as vacation periods and other times 
away from work. From the start of the study until 
April 19, 1964, recording was done on check Sheets 
distributed at the. beginning of each month. On  
April 20, 1964, these were rep!aced by prepunched 
IBM cards distributed every fourteen days with the 
employee’s time card. Employees were directed not 
to record symptoms unless they were -unusual for 
them. In this way it was hoped that entities such as 
allergic rhinitis and chronic bronchitis would not be 
reported as acute illness. Diagnostic classification 
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was based on the recorded symptoms according to 
the following criteria: 

General. A set of symptoms was counted as :I 
separate illness when the interval between symp- 
toms was more than three days. However. a new 
illness could start during or immediately after an 
old illness when the onset or character of symp- 
toms warranted such a diagnosis. In practice this 
judgment was rarely made. 

Respiratory illness. This was defined as at least 
2 different respiratory symptoms occurring on the 
same day or a single respiratory symptom on two 
consecutive days. An exception was made when 
sneezing remained the only symptom, in which 
case no ilhress was recorded. 

Gastrointestinal illness. sucil an illness was 
defined as multipl’e episodes of vomiting or di‘ar- 
rhea or both occurring on a single day or single 
episodes of either symptom on two or more days. 

Combined respiratory-gastrointestinal illness.. 
This was defined as combinations of the diag- 
noses listed above. and was made when both 
respiratory and gastrointestinal symptoms wer-e 
present in what appeared to be a single symptom 
complex. This designation could obviously in- 
clude cases in which 2 illnesses, 1 respiratory and 
1 gastrointestinal, due to different agents, had 
concurrent onsets, as well as single illnesses with 

- manifestations in both systems. 
Suplrlenzentary. Several supplementary surveil- 

kance methods were devised to evaluate the validity 
and reliability of the basic method of surveillance: 

Respiratory absenteeism. Absentee records kept 
by the company’s medical department were made 
available to the study. Diagnoses were usually 
made by the employees themselves and, although 
of limited use in calculating exact rates, were 
grouped by diagnostic categories to provide back-. 
ground information on overall illness experience. 

Telephone survey. For six months beginning in. 
March, 1964, the study nurse called 3 persons 
each working day from a randomized list of em- 
ployees. Each .was asked if he qr she was cur- 
rently experiencing or had had symptoms during 
the previous two weeks. 

Prevalence sampling. Oh October 24, 1963, 
February 27, 1964, and September 21 and 23, 
1965, groups of employees were called to the 
medical department for sampling of virus prev- 
dence. The presence or absence of symptoms was 
recorded; nasal and pharyngeal swabs were col- 
lected. 

Floor survey. Fifty randomly selected employ- 
ees were approached personally on 5 separate 
oticasions during a two-week period (May 16 to 
29, 1964) and questioned about the presence of 
symptoms. Each person was reminded that he was 
still responsible for checking his own cards, but 
in addition the study nurse kept a separate card 
on each on the 50 workers. 

Information gained from these supplementa, 
surveillance procedures made it appear desirah 
to institute on-the-floor surveillance by the stuc 
nurse. Beginning in September, 1964, the stud 
nurse began getting in touch with employee 
personally on a rotating schedule so that ear 
week she visited every employee in the bujJdinr 
On these daily rounds, the nurse kept her o\y 
record of illness onsets, encouraged acTmat 
symptom reporting, and urged those person4 wit 
symptoms to report for viral study. 

Sampling 

Employees were requested to report to the lmedi 
cal department at ‘the onset of an illness; they we” 
examined by 1 of 4 physicians or by a sp$ciaH 
trained nurse who recorded symptoms and si 

! 
ns or 

a standardized form. Nose and throat swabs were 
collected, and acute-phase and convalescent h.ut 
blood specimens drawn when possible. For th firs 
twenty-eight months specimens were collecte % orrl) 
from persons with illnesses of three days’ du ation 
or less. Thereafter, those with illnesses of p tcj 
seven days’ duration were studied. During th firs1 
year 810 specimens were collected from su ‘ects, 

1 
selected on a random basis, who had been f e 01 
respiratory symptoms for a minimum of two eeks 

Laboratory 

The laboratory materials and methods used were 
similar to. those previously reported6 exce for 
modifications to be mention>d. . For the first 
twenty-one months, the separate nas‘al and p 

t- 

- 
geal swabs obtained from each person were paced 
in the same 5 ml. of beef-he‘art infusion broth coa 
taining 1 per cent bovine serum albumin. Th reaf- 
ter, nasal, pharyngeal ,and salivary specimens are 
collected arid processed separately. For the latter 
the patient was asked to expectorate the conte+ Or 
the anterior oral pool into a vial containing 1 1. Of 
broth. Original specimens were tested before 
ing in human diploid fibroblast (strain Wf 26 E 

ee$ 

cultures. Four hundred and forty-nine sPe@rBnS 
from employees with illnesses were.tested in 21” 
in 4, 267 in 6, and 176 in 9 WI tissue-culture !$‘“” 
During the first year 810 specime 
matic persons were tested in 2 W 
the Hrst eight months 869 specime 
and well persons also were tested 
Rhinoviruses were identified as’ 
scribed.6 Herpes-simplex viruses we 
neutralization testing, and the 1 resprr 
virus isolated was identified by co 
tion. Diphasic mycoplasma medium’ 
attempts to isolate IllycopIasma lInetlmo*iue. 
serum specimens obtained from subjects w 
without respiratory sy-mptoms were test 
presence of antibodies against influenza 
B and C, parainfluenza viruses 1, 2 and 3 
A-21 virus , reoviruses 1, 2 and 3, a 
herpes-simplex virus, respiratory syncytigal 
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RESULTS 

Occurren ce of illness 

Illnesses reported and sampled. A total of 3314 
,,spiratOrY, 268 gastrointestinal and 117 combined 
,,,piratorY and gastrointestinal illnesses were re- 
y,,,ted (Table 1). Of this number, 1025 respiratory 
&,,,d combined respiratory and gastrointestinal ill- 
,,esses were studied for viral agents, a 30 per cent 
,,n,yle of all illnesses with respiratory symptoms. 

lljrless rates. Respiratory illness constituted the 
great bulk of all illnesses recorded (Fig. 1). Seasonal 
v&ti0ns occurred as expected, with particularly 
prominent September peaks. Rates for gastrointesti- 
nal and combined respiratory and gastrointestinal 
illness were low and remained relatively constant 
throughout the year, and appeared to be unaffected 
by cjmnges in respiratory illness rates. 

Surveillance. Results of the supplementary sur- 
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FUAMJJASON 

1963 I964 1965 1966 

FIGURE 1. Seas-1 Occtcrrence of Acute ilcncss - Total-IiInisse~ 
with Respiratory (RI) or Gaslrointmtinal (GI) Sympimzs or Bolh - 

in tnswancc-Company Em/.&yes. 

veiIIance studios indicated that a number of illness-’ 
es, estimated variously from 20 per cent to as much1 
as 40 per cent of the total, were not being recorded~ 
or were being recorded inaccurately. After institu-N 
tion of on-the-floor surveillance in September, 1964,, 
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under-reporting on the employees’ symptom cards 
averaged 12 per cent; total surveillance was 
achieved since ‘all acknowledged illnesses were 
recorded by the nurse. 

Attack rates. The attack rate for the population as 
a whole was 2.3 respiratory illnesses per person per 
year (Table 2). Rates were slightly higher for fe- 
males (2.38) than for males (2.20). The excess illness 
rate in females was contributed by those in the group 
from sixteen to twenty-four years of age. Except for 
this difference age did not significantly alter respira- 
tory illness rates in this population composed pri- 
marily of young adults. Rates were not influenced by 
the presence of children in the home or by cigarette 
smoking (Table 3). Further analysis of the effect of 
contact with children showed that the presence of 
school children in the home did not influence illness 
rates in employees. 

During a one-year period (October, 1964, to Sep 
tember, 1965) subjected to special analysis, 23 per 
cent of employees reported no illnesses, 60 per cent 
had 1, 2 or 3, and 17 per cent had 4 or more. Com- 
parison of these 3 groups for age, sex, marital status, 
presence of children in the home, cigarette smoking 
and history of allergy showed no differences. 

Rhinovirus Infections 

Isolations. During the first twelve months, when 
rhinoviruses were isolated from 19.5 per cent of 433 
specimens from patients with ,respiratory illness, 
they were isolated from 2.1 per cent of 810 speci- 
mens from randomly selected well subjects, Over 
the three years 239 rhinoviruses were isolated from 
1025 respiratory illnesses, an overall isolation rate of 
23.3 per cent (Table 1). Age and sex (Table 4), 
children in the home and cigarette consumption had 
no inffuence on the frequency with which rhinovi- 
ruses were isolated. Isolation rates fluctuated be- 
tween extremes of 0 per cent and 70 per cent (Ta- 
ble l), with rather consistent seasonal variations 

TABLE 2. Respkatory-Illness Attach Rates - Age and SPX Spe- 
cific - March, 196.3, to March 4.1966. 

ACE 

.?. 
Males: 
IG-24 
25-34 
35-44 
45+ 

AU malts 
Females: 

16-24 
z-34 
35-44 
45+ 

All females 
All employees 

AVERACE No. NO. OF No. OF ~LLNLSSES/ 
OF Lk3MPLOYELS REsPnuTORV P~R5ONlYR. 

ILLNWm* 

1 
79.8 531 2.21 
68.0 438 2.14 
37.5 261 2.3 1 

7.7 51 2.19 

1Y5.0 1,281 2.20 

159.4 1.253 2.61 
79.2 504 2.11 
27.5 174 2.10 

a.3 33 1.31 

274.4 1.964 2.38 
467.4 3,245 2.30 

TABLE 3. .Res~.ralory-Zllne AAltach Ram,MayZ.ZY 4,t0&f~~~i 
1966. 

I Q 
J’OSS~LE FACVX A~ERACE No. Rxssrw.r~onr ILL+sE.s/PE~~,~, 

LUPLOl EES ILINESS 
Children in the home: 

0 223.24 a78 2.11 
I 111.09 407 I .98 
2 81.05 322 2.15 
3 25.31 lyi 1 .YO 
4 k more 10.91 32 I .60 

l-owls - 1,728 1% 45366 

310.16 1.223 2.14 
108.63 373 1.86 
34.87 132 2.04 

T0tA - 1,7p8 ~ 45366 ii% 

(Fig. 2). Isolation percentages were’hig 
tember and October, fell rather 
fall, remained low until March and Ap 
rose and remained relatively high durin 
mer months. 

Seasonal occurrence. Total rhinovirus illness rates 
(Fig. 2) were obtained by extrapolating the rhinovi- 

in rhinovirus isolation rates 

TABLE 4. Rhinouims Isolation Raw According to 

Males: 
1624 
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35-44 
45+ 

All males 
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35-44 
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605 14s 
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96 . 
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F,GURE 2. Sea.%wzal Occumnce oj Respiratory Illness and Rhino- 
~irur Illness UL Iwurance-C*mpany Employees. 

pooled to obtain the curves in Figure 3. The total 
occurrence of rhinovirus illness, even more than the 
percentage of i l lnesses yielding rhinoviruses, in- 
creased markedly in September.  Rhinovirus il lness 
occurred during all months of the year, but 40  per 
oent  of all such illness occurred during this eight- 
week period. Rhinovirus infection was responsible 
for a  high percentage of the few il lnesses that oc- 
curred dur ing the summer months. 

Results of the mass sampl ings (Table 5) conf irmed 
tire associat ion of rhinoviruses with illness, a l though 
the prevalence of rhinovirus infection was low in 
both late October, 1963,  and  February,  1964.  

Virus shedding. Durat ion of il lness up  to five days 
did not alter rhinovirus-isolation percentages (Table 
6). Compar ison of specimens collected from multi- 
ple sites and  processed separately indicated that the 
success of isolation varied with the site from which 
the specimen was obtained (Table 7). Al though they 
could be  cultured from pharyngeal  secret ions and  
saliva rhinovinrscs \vere isolated with greatest fre- 
c luency from the nose.  In acltlition, more virus ap- 

MONTH 

TABLE 5. Rhinovtncr Isolalionv jrom Prevalence Sampbngs.  

vo. vlli(“S lSOUTLD NO VIRUS IZOUTED 
TESTL” TESTED 

“0. 4t “0. R  

Oct. 24. 1963 14 1 7.1 129 I 0.8 
Feb. 25. 1964 16 1 62 84 2 2.4 
Sept. 21  & 23. 1965 IO 8 80.0 42 1 2.4 

- 
TO& 40 lo 255 i-,--- 
AVerageS 25.0 1.6 

peared to be  present in the nose as judged by a  
higher percentage of posit ive tubes and  the fact that 
cytopathic effect often was noted earlier in tubes 
inoculated with nasal  secret ions than in those inoc- 
ulated with pharyngeal  secret ions or sal iva? 

Absenteeism. Self-diagnosed respiratory. i l lnesses 
accounted for 36  per cent of the total absenteeism 
recorded by the company’s medical department.  Ill 
def ined constitutional i l lnesses, many with gastroin- 
testinal symptoms, ranked next (17 per cent) as  a  
cause of such absenteeism. Other categories in or- 
der  of importance were surgical-dental (15 per 
cent), obstetr ic-gynecologic (13 per cent), neuro-  
muscular (8 per cent) and  all other (11 per cent). 
When  respiratory absenteeism calculated from data 
reported to the study was compared to that provided 
by company absentee records, it was apparent  that 
employees were more apt to report oflicial absences 
to the company than they were to check “stayed 
home” on  the study cards (Fig. 4). However,  the 
general  t rends were similar. Respiratory absen-  
teeism paral leled total absenteeism in most cases 
al though in September and  October, 1964,  at the 
time of a  peak  of rhinovirus illness, there was rela- 
tively low respiratory absenteeism despite high total 
absenteeism. The high total absenteeism during this 
per iod was due  partially to the occurrence of cases 
of myalgia and  malaise of unknown cause and  to 
pro longed postsurgical morbidity affecting 2  em- 
ployees. The amount  of absenteeism reported to the 
study for the first n ine days of either rhinovirus or 

TABLE 6. Rfunovirru Isokztions b  Da! oj J1Jne.u wf~m Samlied. 
-- 

ILI.NESS~F R”l?.OVlRUS 
.s*wLEo Iscn.*Tm 

no. tw 5% 
, 2  0  0  

0. 0  0  
3  n  (I 

53 I.5 PO 
493 I16 23.5 
255 55 21.6 
114 33 28.9 

36 !) 25.0 
2x 9 Y2.1 
I2 I 8.3 

4 0 0 
3 1 33 

- 
I.025 239 

23.3 


