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Bacti-Stat® CHG AND CHLORHEXIDINE GLUCONATE

Bacti-Stat CHG Antimicrobial Sofution with 2% Chlorhexidine Gluconate (CHG) also containing 4% Isopropy! Alcohol is rec-
ommended for use as a Health Care Personnel Handwash. These recommendations are based on Bacti-Stat CHG broad spec-
trum of activity against gram-positive and gram-negative bacteria, fungi {both yeasts and molds} and viruses.

Bacti-Stat CHG is effective in reducing the number of resident and transient bacteria commonly found in a clinical setting. This
reduction is both immediate and persistent. Bacti-Stat CHG has been tested and proven effective against a broad spectrum of |
gram-positive and gram-negative bacteria associated with nosocomial infections. The test results listed in this bulletin sub-
stantiate the activity of Bacti-Stat CHG.

Bacti-Stat CHG is an antimicrobial solution designed to diminish dermal flora. Bacti-Stat CHG contains surfactants (deter-
gents) for cleansing the skin, emollients to help the skin maintain its natural ouls and moisture leval, and chlorhexidine glu-
conate to provide both bactericidal action and bacteriostatic properties against a2 wide range of microorganisms.

CHEMISTRY

Bacti-Stat CHG contains the antimicrobial agent Chlorhexidine Gluconate (CHGC} also known as 1,1'-hexamethylenebis {5
(4-chlorophenyl) biguanide] digluconate. -

The chemical structure of this compound is
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The mode of action for CHC has been shown to differ at high and low concentrations. Concentrations below 100 ppm (
have bacteriostatic properties which act on cell membrane components. Concentrations above this level have bactericidal N
effects due to rapid action on the cytoplasm.



Bacti-Stat® CHG IS EFFECTIVE AS A
HEALTH CARE PERSONNEL HANDWASH

In a clinical study to substantiate the affectiveness Bacti-Stat CHG as a Health Care Personnel Handwash, tests were conductad
to rmumic the use of 2 handwash in a clinical setting. A glove juice technique was employed to determine the percent reduction
of the transient bacteria on the subjects’ hands and forearms.

A baseline bacterial count was determined for each subject, by contarmunating the hands and forearms with Serratia marcescens
and washing with a buffered non-antimicrobial solution.

After the baseline determinations were completed, 2ach subject repeated the Serratia marcescens contamination procedure. The

subjects then washed for 30 seconds with Bacti-Stat CHG. This procedure was repeated 25 times. Glove juice samples were col-
lected after the Sth, 10th, 15th, 20th, and 25th washings.

TEST DATA:

Percent Reduction of Transient Bacteria as deterrined by a Glove Juice Test using Bacti-Stat CHG

—
Wash Number Bacterial Count

0 (base line before first wash) 1.85 x 10 Serratia marcescens

% Bacterial Reduction

5th wash 99.99
10th wash 99.99
15th wash 99.99
20th wash 99.99
25th wash 99.99

Test data indicates that Bacti-Stat CHG delivers greater than a 99.9% reduction in the transient bacteria count when used as a
Health Care Personnel Handwash. No adverse effects from repeated use were observed.

CONCLUSION

Bacti-Stat CHG effectively reduces the transient bacterial count needed (greater than 99.9%) without adverse effects to the skin.
These properties built into Bacti-Stat CHG make it an ideal Health Care Personnel Handwash.



Bacti-Stat® CHG ACTIVE AGAINST GRAM-POSITIVE BACTERIA

MINIMUM INHIBITORY CONCENTRATION (a2 measure of bacteriostatic activity)
To substantiate the eifectiveness of Bacti-Stat CHG against gram-positive bacteria, tests were conducted to determine the
Mirumum Inhibitory Concentration {MIC) of Bacti-Stat CHG i 170 against representative pathogenic gram-positive bactena.

TEST:

Dilutions of Bacti-Stat CHG were made with Trypticase Soy Broth to obtain final CHG concentrations ranging from 100 ppm to
0.5 pprn The final culture suspension in the broth/Bacti-Stat CHG tubes had densities of betweenl(®-10° CFU/mi. The tube con-
taining the lowest concentrauon of Bacti-Stat CHG in which no turbidity was observed aftzr 48 hours of incubation is the
Minimum Inhibitory Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHC.

RESULTS: MIC of Bacti-Stat CHG
Microorganism Strain (ppm CHG)
Bacillus cereus ATCC 11778 2.5
Bacillus subtulis ATCC 19639 1.0
Corynebacterium xerosis ATCC 373 0.5
Leuconostoc mesenteroides ATCC 13146 1.0
Micrococcus luteus ATCC 381 05
ATCC 4698 0.5
Clinical Isolate 4.0
Micrococcus roseus ATCC 186 0.5
Staphylococcus aureus ATCC 5538 2.5
ATCC 33592 2.5
Clintcal Isolate 1.0
ATCC 25923 40
Staphylococcus eptdermidis ATCC 12228 2.5
ATCC 12228 4.0
ATCC 14990 0.5
Chnical Isolate 2.5
Streptococcus (group D) ATCC 12389 1.0
Streptococcus sp. ATCC 12388 0.5
Streptococcus faecalis ATCC 19433 4.0
Streptococcus pneumoniae ATCC 6303 2.5
Streptococcus pyodenes ATCC 19813 0.5
ATCC 19615 4.0
CONCLUSION

Bacti-Stat CHG effectively inhibits the growth of known pathogenic gram-positive bacteria.

KILL TIME STUDIES (a measure of bactericidal activity)

To demonstrate the bactericidal properties of Bacti-Stat CHG against gram-positive bacteria, Kill Time Studies were conducted

against representative gram-positive bacteria commonly found in a clinical setting:

TEST:

Bacti-Stat CHG was inoculated with a 24 hour culture of each of the test organisms. An aliquot of each inoculated Bacti-Stat
CHG sample was removed at 15 seconds, 30 seconds, 1, 3 and 6 minute intervals, placed into subcuiture tubes containing neu-
tralizers and incubated for 48 hours. The time necessary to elicit a 4 logm reduction in bacterial count is the stated Kill Time.

RESULTS: Kill Time for
Microorganism Strain Bacti-Stat CHG (seconds)

Bacillus cereus ATCC 11778 15
Bacillus subtilis ATCC 19639 15
Leuconostoc mesenteroides ATCC 13146 15
Micrococcus luteus ATCC 381 15

ATCC 4698 15
Micrococcus roseus ATCC 186 15
Staphylococcus aureus ATCC 6538 650

ATCC 33592 30

Clinical Isolate 60
Staphylococcus epidermidis ATCC 12228 15

ATCC 14990 15

Clinical Isolate 30
Streptococcus (Group D) ATCC 12389 30
Streptococcus sp. ATCC 12388 15
Streptococcus pneurmnoniae ATCC 6303 135
Streptococcus pyogenes ATCC 19615 15

The Kill Time for Bacti-Stat CHG against known pathogenic gram-positive bacteria ranged from 13-60 seconds.

CONCLUSION

Bacti-Stat CHG has quick bactericidal activity against a2 wide range of known pathogenic gram-positive bacteria.
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Bacti-Stat CHG IS ACTIVE AGAINST GRAM-NEGATIVE BACTERIA
MINIMUM INHIBITORY CONCENTRATION (a2 measure of bacteriostatic activity)

5: To substantiate the eifectiveness of Bacti-Stat CHG against gram-negative bacteria, tests were conducted to detzrrine the
Minimum Inhibitery Concentration (MIC) of Bacti-Stat CHG i 1670 against representative pathogenic gram-negativa tacteria.

TEST:

Dilutions of Bacti-Stat CHG were made with Trypticase Sov Broth to obtain final CHG concentrations ranging from 100 ppm to
0 5 pprn. The final culture suspension in the broth/Bacti-Stat CHG tubes had densities of between 10°-10° CFU/ml. The tube con-
taining the lowest concentration of CHG which no turbidity was observed after 48 hours of incubation is the Minimum Inhibitory
Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHG.

RESULTS: . . . MIC of Bacti-Stat
Microorganism Strain CHG (ppm CHG)
Acinetobacter calcoaceticus ATCC 19606 5.0
ATCC 19606 8.0
Citrobacter freundii ATCC 8090 5.0
ATCC 8090 8.0
Entercbacter aerogenes ATCC 13048 7.5
Enterobacter cloacae ATCC 23355 5.0
ATCC 23355 8.0
Clinical Isolate 7.5
Escherichia coli ATCC 25922 2.5
ATCC 25922 8.0
Clinical Isolate 2.5
Klebsiella pneumoniae ATCC 13883 5.0
ATCC 13883 8.0
Neisseria menungitidis Clinical Isolate 5.0
ATCC 13077 1.0
Proteus mirabilis ATCC 13090 1.0
Proteus vulgaris ATCC 25933 75.0
Pseudomonas aeruginosa ATCC 13315 50
( ATCC 9027 75
ATCC 15442 20.0
ATCC 15442 64.0
ATCC 27853 10.0
ATCC 27853 32.0
Clinical Isolate 200
Clinical Isolate 20.0
Clinical Isolate 10.0
. Clinical Isolate 20.0
Pseudomonas cepacia ATCC 25416 15.8
Clinical Isolate 7.5
CONCLUSION

Bacti-Stat CHG effectively inhibits the growth of known pathogenic gram-negdative bacteria.



KILL TIME STUDIES (a measure of bactericidal activity)

To dernonstrate the bactericidal properties of Bacti-Stat CHG against gram-negative bactena. Kill Time Studies werz conductad
against representative gram-negdative bacteria commonly found in a clinical setting.

TEST:

Bacti-Stat CHG was inoculated with a 24 hour culture of each of the test orgamisms. 4n aliquot of each inoculated Bacti-Stat

CHG sample was removed at 15 seconds, 30 seconds, 1, 3, and 6 minute intervals. placed into subculture tubes containing neu-
tralizers and incubated for 48 hours. The time necessary to elicit a 4 logw, reduction in bactenal count s the stated Kutl Time.

RESULTS: . . ) Kilt Time for Bacti-
Microorganism Strain Stat CHG (seconds)

Acinetobacter calcoaceticus ATCC 19608 15
Citrobacter freundii ATCC 8090 13
Enterobacter zerogenes ATCC 13048 15
Enterobacter cloacae ATCC 23355 15
Clinical Isolate 15
Escherichia coli ATCC 25922 15
Clinical Isolate 15
Klebsiella pneumoniae ATCC 13883 15
Clinical Isolate 15
Neisseria meningitidis ATCC 13077 13
ATCC 13090 15
Proteus mirabilis ATCC 25933 30
Proteus vulgaris ATCC 13315 15
Pseudomonas aeruginosa ATCC 9027 15
ATCC 15442 15
ATCC 27853 15
Clinical Isolate 13
Clinical Isolate 15
Clinical Isolate 15
— Clinical Isolate 15
Pseudomonas cepacia ATCC 25416 15
ATCC 25609 15
Clinmcal Isolate 15
Pseudomonas fluorescens ATCC 13525 15
Clinical Isolate 30
Salmonella choleraesuis ATCC 10708 13
Salmonella typhi ATCC 6339 15
Salmonella typhimurium ATCC 14028 15

Serratia marcescens ATCC 8100 15
ATCC 29022 15
Clinical Isolate 15
Clinical Isolate 15
Clinical Isolate 15
Shigella flexneri ATCC 9199 15
Shigella sonnei ATCC 12022 15
ATCC 25931 15

The Kill Time for Bacti-Stat CHG against known pathogenic gram-negative bacteria ranges from 15-30 seconds.

CONCLUSION

Bacti-Stat CHG has quick bactericidal activity against known pathegenic gram-negative bacteria.
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Bacti-Stat CHG IS ACTIVE AGAINST MICROBES PREVIOUSLY
REPORTED AS CONTAMINANTS OF CHG SOLUTIONS

MINIMUM INHIBITORY CONCENTRATION (a measure of bacteriostatic activity)

To substantiate the efifectiveness of Bacti-Stat CHG against microbes previously reported to be contaminants of CHG solutions, tests
were conducted to determine the Mimmum I[nhibitory Concentration (MIC) of Bacti-Stat CHG i1 vitro 2gainst these microorganisms.
TEST:

Dilutions of Bacti-Stat CHG were made with Trypticase Soy Broth to obtain final CHC concentrations ranging from 100 ppmto

0.5 pom. The final culture suspension in the broth/Bacti-Stat CHG tubes had densities of between 105-10° CFU/ml. The tube con-
taining the lowest concentration of CHG in which no turbidity was observed after 48 hours of incubation is the Minimum

Inhibitory Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHG.
RESULTS -
( Microorganism Strain 53;{%0&‘?‘?%’:?;
Alcaligenes denitrificans
ss. xylosoxidans ATCC 27061 15.0
Proteus mirabilis ATCC 25933 75.0
ATCC 7002 15.0
ATCC 12453 15.0
Proteus vulgaris ATCC 6380 20.0
ATCC 8427 50.0
- ATCC 13315 5.0
Pseudomonas aeruginosa ATCC 9027 7.5
ATCC 15442 20.0
ATCC 27843 10.0
Clinical Isolate 20.0
Clinical Isolate 20.0
Clinical Isolate 100
Clinical Isolate 20.0
Pseudomonas cepacia ATCC 25416 15.0
Clinical Isolate 75
Pseudomonas picketti ATCC 27511 40.07
Serratia marcescens Clinical isolate 75
CONCLUSION

Bacti-Stat CHG effectively inhibits the growth of representative bacterial species previously demonstrated to be contaminants
of CHG solutions.



KILL TIME STUDIES (a measure of bactericidal activity)

To demonstrate the bactericidal properties of Bacti-Stat CHG against bacteria previously shown to be contaminants of CHG prod-
ucts, Kill Time Studies were conducted against these organisms.

TEST:

Bacti-Stat CHG was inoculated with 2 24 hour culture of 2ach of the test organisms. An aliquot of 2ach inoculated Bacti-Stat
CHG sample was removed at 15 seconds, 30 seconds, 1. 3, and 6 minute intervals, placed into subculture tubes containing neu-
tralizers and incubated for 48 hours. The time necessary to elicit a 4 logs reduction in bacterial count is the stated Kill Time.

RESULTS: . . . Kill Time for
Microorganism Strain Bacti-Stat CHG (seconds)

Alcaligenes denttrificans

ss. xylosoxidans ATCC 27061 15

Providencia stuartii ATCC 33672 15

ATCC 35031 15

Proteus mirabilis ATCC 25933 30

ATCC 7002 15

ATCC 12453 15

Proteus vulgaris ATCC 6380 15

ATCC 8427 15

ATCC 13315 15

Pseudomonas aeruginosa ATCC 9027 15

ATCC 15442 15

ATCC 27843 15

Clinical Isolate 15

Clinical Isolate 15

Clinical Isolate 15

Clinical Isolate 15

Pseudomonas cepacia ATCC 25416 15

ATCC 25609 15

Clinical Isolate 15

Pseudomonas picketti ATCC 27511 15

Serratia marcescens ATCC 8100 i35

ATCC 29022 15

Clinical Isolate 15

Clinical Isolate 15

Clinical Isolate 15

The testing shows that bacterial species previously linked with the contamination of CHG products and solutions, have no inher-
ant resistance to Bacti-Stat CHG with 2% CHG. Kill Times in all cases were 15 seconds or 30 seconds.

CONCLUSION

Bacti-Stat CHG has quick bactericidal activity against previously known pathzvgenic contaminants of CHG products.



Bacti-Stat® CHG IS ACTIVE
AGAINST ANTIBIOTIC-RESISTANT BACTERIA

Many species and strains of bacteria have developed rasistance to various antibiotics. To substantiate the bacteriostatic and bac-
tenicidal effectiveness of Bacti-Stat CHG against these antibiotic-resistant bacteria, several multiple resistant strams of bacteria

were tested.
The specific antibiotic resistance of each bacterial strain are noted in the following chart, and this 15 followed by the spe-
cific testing.

Antibiotic resistance of organism (x)

=}
o
< 5 [ = -
,::—‘_—“—:% ';‘."‘3;"555 55
S I R HEEEEEE
2I12131EIS|E 5121215182138
ElE(ZIs 1SS IZIE12I81513]5(=18
ORGANISM STRAIN 22 |SIS|S|CiT|a|s|E =228
Staphylacoccus aureus ATCC 33392 X X
Staphylococcus aureus Clinical Isolate X XXX XIXIXIX
Staphylococcus epidermidis Clinical Isolate XIXIXIXIXIXIX]X
Escherichia coli Clinical Isolate XX X X
Klebsiella pneumoniae Clinical Isolate XiX X X
Pseudomonas aeruginosa Clinical Isolate XIXIXIX XXX X X

MINIMUM INHIBITORY CONCENTRATION (a measure of bacteriostatic activity)

To substantiate the effectiveness of Bacti-Stat CHG against antibiotic resistant bacteria, tests were conducted to determine the
Minumum Inhibitory Concentration (MIC) of Bacti-Stat CHG in vitro against representative pathogenic antibiotic resistant bacte-
ria. _

TEST:

Diluticns of Bacti-Stat CHG where made with Trypticase Soy Broth to obtain final CHG concentrations ranging from 100 ppm
to 0.5 ppm. The final culture suspension in the broth/Bacti-Stat CHG tubes had densities of between 10°-10* CFU/ml. The tube
containing the lowest concentration of CHG in which no turbidity was observed after 48 hours of incubation is the Minimum
Inhibitory Concentration {MIC). Bacti-Stat CHG contains 20,000 ppm CHGC.

RESULTS:

. . . MIC of Bacti-Stat
Microorganism Strain CHG (ppm CHG)

Staphylococcus aureus ATCC 33592 25

Staphylococcus aureus ) Clinical Isolate 1.0

Staphylococcus epidermidis Clinical Isolate 2.5

Eschgrichia coli ) Clinical Isolate g.S

Klebsiella pneumoniae Clinical Isolate 5.0

Pseudomonas aeruginosa Clinical Isolate 20.0

CONCLUSION

Bacti-Stat CHG effectively inhihits the growth of known pathogenic antibiotic resistant bacteria.



KILL TIME STUDIES (a measure of bactericidal activity)

To demnonstrate the bactericidal properties of Bacti-Stat CHG against antibiotic resistant bacteria. Kill Time Studies were
conducted against representative antibiotic-resistant bacteria commonly found in a clinical setting.

TEST:

Bacti-Stat CHG was inoculated with a 24-hour culture of each of the test organisms. An aliquot of each inoculated Bacti-Stat
CHG sample was removed at 15 seconds, 30 seconds, 1, 3, and 6 minute intervals, placed into subculture tubes containing neu-
tralizers and incubated for 48 hours. The time necessary to elicit a 4 logm reduction in bacterial count is the stated Kill Time.

RESULTS: Kill Time for Bacti-
Microorganism Strain Stat CHG (seconds)
Staphylococcus aureus ATCC 33592 30
Staphylococcus aureus Clinical [solate 50
Staphylococcus epidermidis Clinical Isolate 30
Escherichia coli Clinical Isolate 15
Klebsieila pneumoniae Clinical Isolate
Pseudomonas aeruginosa Clinical Isolate 15

The Kill Time for Bacti-Stat CHG against known pathogenic antibiotic resistant bacteria ranged from 15-60 seconds.

CONCLUSION

Bacti-Stat CHG has quick bactericidal activity against a wide range of known pathogenic antibiotic resistant bacteria.
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Bacti-Stat CHG” IS ACTIVE AGAINST FUNGI (YEAST AND MOLDS)
MINIMUM INHIBITORY CONCENTRATION (a measure of fungistatic activity)

To substantiate the effectiveness of Bacti-Stat CHG against Candida albicans, a veast, tests wers conducted to show the Mirumum
Inhibitory Concentration (MIC) of Bacti-Stat CHG in vifro against this representative pathogemic fungus

TEST:

Dilutions of Bacti-Stat CHG were mada with Trypticase Soy Broth to obtain final CHC concentrations ranging from 100 ppm to
0.5 ppm. The final culture suspension in the broth/Bacti-Stat CHG tubes had densities of between 10°- 10% CEU/ml. The tube con-
taining the lowest concentration of CHG in which no turbidity was observed after 48 hours of incubation is the Minimum
Inhibitory Concentration (MIC). Bacti-Stat CHG contains 20,000 ppm CHG.

RESULTS:
MIC of Bacti-Stat CHG
Microorganism Strain (ppm CHG)
Candida albicans ATCC 10231 5.0

CONCLUSION

Bacti-Stat CHG effectively inhihits the growth of this known pathogenic fungus.

KILL TIME STUDIES (a measure of fungicidal activity)

To demonstrate the fungicidal properties of Bacti-Stat CHG against known pathogenic fungi (both yeast and molds), Kill Time
Studies were conducted against representative fungi cornmonly associated with clinical settings.

TESTS:

Test organisms were grown on Sabouraud-Dextrose agar for 5-7 days at 25-28°C. The mycelial mats werz ioosened from the agar
surfaces, and the mycelial recovenes were macerated in PBS, vortex mixed, and filtered through sterile cotton gauze. The filtered
conidial suspensions were quantitated, using the Petroff-Hausser Microscopic Counting Chamber Mathod, and the densitites
standardized at a density of 5 x 10° conidia/ml.

5.0 ml aliquots of Bacti-Stat CHG were placed in test tubes. The tubes were placed in a water bath for 15 minutes, after which
0.2 ml of the fungal test organism was added.

Following the 15, 30, 45, or 60-second exposures to Bacti-Stat CHG, an APHA loopful of the mixture was transferred to glucose
neopeptone agar plates, and incubated for 5-7 days at 26-28°C. The recovery adar, glucose neopeptone agar, contained 0.5%
polysorbate-80 and 0.07% lecithin neutralizer. Two recovery plates were inoculated per time interval. Visible growth of the test
organism on the recovery plates was confirmed to be the inial inoculum by preparing wet mounts of the surviving colonies and
observing conidial and mycelial structures microscopically

RESULTS:
. . Kill Time for Bacti- )
Crganisms Strain Stat CHG (seconds)
Aspergiilus versicolor ATCC 11730 15
Aspergillus niger ATCC 6275 15
Blastomyces dermatitidis ATCC 10225 15
Candida albicans ATCC 10231 15
Microsporum audouinii ATCC 10008 15
Microsporum canis ATCC 36229 30
Microsporum gypseum ATCC 14683 15
Mucor plumbeus ATCC 6795 30
Peniciilium notatum CBS 15-6157 15
Penicillium roqueforti CBS 15-6161 15
Pityosporum orbiculare ATCC 44344 15
Pityosporum ovale ATCC 14521 30
Rhizopus nigricans ATCC 24862 15
Trichoderma viride ATCC 32630 15
Trichophyton mentagrophytes ATCC 18748 15
Trichophyton tonsurans ATCC 28942 30

The Kill Time for Bacti-Stat CHG against various fungi ranged from 15-30 seconds.

CONCLUSION

Bacti-Stat CHG has quick fungicidal activity against known pathogenic fung: {both yeasts and molds).



Bacti-Stat CHG IS ACTIVE AGAINST VIRUSES

To substantiatz the antiviral activity of Bacti-Stat CHG tests were conducted against the known pathogenic viruses Herpes
simplex Type [ (HSV I} and Herpes simplax Type 1 (HSVII}.

TEST METHOD:

1. The test virus, HSV II, was propagated in Vero Cells. The viral infectivity titer of the HSV II test virus was determined to
be 10°° TCIDs/ml. The test virus HSV | was propagated in Human Epithelial Cells. The viral infectivity titer of the HSV [
test virus was determined to be 10°° TCIDw/ml.

2. 0.25 mi of the undiluted test viral suspensions was added to 0.25 ml of undiluted Bacti-Stat CHG. The test virus-Bacti-
Stat CHG mixture was allowed to remain in contact for 13 seconds at room temperature (25-26°C). Treated and untreat-
ed (control) test viruses were titrated in Vero Cells, four monolayer roller tubes per dilution, and incubated at 36°C for
five days. The treated and untreated titration monolayer tubes of cell cultures were observed daily during the incubation
period, after which the end-point was calculated and recorded.

3. Viral recoveries were based on the observation for cytopathogenic 2ffect (CPE) in the cell culture host systems.

4. Toxicity studies were performed to determine the non-specific toxicity of the Bacti-Stat CHG in the cell culture host sys-
tems. Observations of toxicity effects (CPE), were made followtng 24 hours of incubation at 36°C.

. Test virus recoveries (viral viability versus viral inactivation) were demonstrated by cell culture host system inoculations
and observing for CPE.

6. TCIDs, TCLDs and TCTDse caiculations were effected, using the Reed-Munch Method.

w

7. Virus recovery confirmations were completed after exposure to A.0.A.C. phosphate buffer containing lecithin-Tween §0
neutralizer. .

8. The untreated viral suspensions and the treated viral suspensions were titrated 10" through 10+

RESULTS:
Dilution of viral suspension HSV I | Dilution of viral suspension HSV I}
Test Virus Control {Untreated) - TCID 1.0 x 10 1.0 x 10
Test Virus & Bacti-Stat CHG - TCLD 1.0x 107 1.0 x 10°
CYTOQTOXICITY Control (Bacti-Stat CHG) - TCTD 1.0x 107? i 1.0x 107
Herpes simplex Type I (HSV 1) Herpes simplex Type I1 (HSV II)
TCIDsx= 1 x 10%* ~ Reed-Munch TCIDw»=1x 10°¢
TCLDso= 1x 107 Reed-Munch TCLDs= 1 x 10?
TCTDse= 1 x107 Reed-Munch TCTDse= 1 x 107
Viral Inactivation = Log Reduction of Virus Titer = Viral Inactivation = Log Reduction of Virus Titer =
TCIDss - TCLDse= 10* log - . TCIDs - TCLDs= 10*° loghe
Reed-Munch TCID—Tissue Culture Infectivity Dosade (median)
Reed-Munch TCLD—Tissue Culture Lethal Dosage (median)
Reed-Munch TCTD—Tissue Culture Toxicity Dosage (median)
CONCLUSION
Bacti-Stat CHG effectively inactivates known pathogenic viruses.
PROFESSIONAL PRODUCTS DIVISION s
Ecolab Inc., 370 Wabasha Street, St. Paul, MN 55102 U.S.A.

5105 Tomken Road, Mississauga, Ont. Canada Law2X5
www.ecolab.com 1-800-332-6522
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Huntingtonn Cida-Rinse® Gel

brand

B What is it?
Cida-Rinse Gel is a waterless healthcare personnel antimicrobial hand
rinse formulated with moisturizers to help condition and protect the skin.

B Why use it?

Cida-Rinse Gel kills the germs that can lead to nosocomial infections.

it dries quickly, without stickiness, and is ideal for situations when there is
simply no time or place to wash.

B How is it used?

Apply 1mL of Cida-Rinse Gel onto hands and rub until dry. Water
is not required for rinsing. 540mL soap cartridges can be placed in
wall-mounted dispensers or left freestanding on countertops. Place
\ the 800mL bag-in-box refills directly into wall-mounted dispenser.

(Product

g Ficati Where is it used?

peca ica IOE’IS Cida-Rinse Gel is designed for use in all settings where handwashing is
Registration: not always possible. These include acute and sub-acute care facilities,

“FDA OTC - Healthcare _long-term care facilities, clinics, beauty salons, dental offices, day care

Personnel Hand Rinse - - t laboratori d animal health faciliti
NDC : 47593 192\9/0/ o cen Qrs, aboratories, and animal nea acuites. ~

chroblologlcal- ’ 7 B When i_s it used? !
7 Active i ingr edient: 70% ethyl Use Cida-Rinse Gel between contact with patients or the public and ’
" alcohol antimicrobial agent ~ whenever you return to your workstation.

proven effectlve agamst viruses, -
,Grarr%posmve and Gram— oL "




Huntingtonn Cida-Rinse® Gel

brand

Waterless Healthcare
Personnel Antimicrobial
Hand Rinse

Kills germs, soothes the skin

’Ke}f Questions

70% ethyl alcohol active Provides proven infection prevention. Effective
ingredient against viruses and Gram-positive and Gram-
B negative bacteria, including MRSA, VRE and
importanttoyouina . Pseudomonas aeruginosa.

o1 What qualities are most

'%z;terggés healthcare

hers ohvnlél:'hand rinse? Rapid antimicrobial action Immediate protection - kills germs within

15 seconds. Lowers nosocomial infections.

One-step waterless - No rinsing required. Saves on time, paper towel
procedure costs.
L. : Convenient, economical Eliminates wasteful dripping of liquid.
1> gel formula. Saves money and clean-up time.

Provides protection against imitation. Maintains
- skin's natural oils and moisture levels without
- stickiness. Promotes use.

f sz .

Tested A_a.nd/ proven effective as a healthcare
pérsonnel hand rinse. -




Product
Specifications

Registration:
FDA OTC - Healthcare
Personnel Hand Rinse
NDC — 47583-264-00
Microbioiogical:
Active ingredient: 70% ethyl
alcohol antimicrobial agent
proven effective against viruses
Gram-positive and Gram-
negative bacteria, including
HIV, Herpes, MRSA and
Pseudomonas aeruginosa.
Color:
Blue
pH:
NA
Fragrance:
Fresh and clean
State:
Gel
Use temperature:
\ Room temperature

’

/

FOR EMERGENCY
MEDICAL INFORMATION,
CALL TOLL FREE: 1-800-328-0026

. ENDURE 300 Cida Rinse Gel kills the germs that can 1ead to nosocoml

infections. It dries quickly, without stlcklness andi is ideal for s:tuatlcns
when there is simply no time or place to wash. ’

B How is it used? T
Apply 1mL of ENDURE 300 Cida-Rinse Gel onto hands and rub until dry
Water is not required for rinsing. 540 mL soap cartridges can be placed in
wall-mounted dispensers or left freestanding on countertops. Place

the 800 mL bag-in-box refills directly into wall-mounted dispenser.

B Where is it used?
ENDURE 300 Cida-Rinse Gel is designed for use in all settings where 7
handwashing is not always possible. These include acute and sub-acute ’-L}fj
care facilities, long-term care facilities, clinics, beauty salons, dental ;
offices, day care centers, laboratories, and animal health facilities.

B When is it used?

Use ENDURE 300 Cida-Rinse Gef between contact with patients or the
public and whenever you return to your workstation.

Prove it to yourself: .
Apply Endure 300 Cida-Rinse Gel and -~
rub onto hands. Note the cool, soft feel”
of maisturizers and the pleasant
fragrance. Time the procedure —

it's really quick.

Ecolab’s Professiaonal Products
Division focuses on healthcare and
hygiene management. Our sales force,
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n-service training. We help you reduce
chemical usage and labor costs, and
improve sanitation/infection
prevention,
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aid instructions
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Contamination of central venous catheters. The
skin insertion wound is a major source of
contamination

K. Egebo, P. Toft and C.-]. Jakobsen

Department of Anaestheia, Arhus University Hospital, Skejby, DK 8200,
Arkus, N. Denmark
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accepted for publication 31 June 1995

Bumumary: In a prospective controlled trial we compared the rates of
catheter-tip contamination in central venous catheters ingerted with or
without skin contact. The study was designed so that epch patient was their
own control. Al} patients had a single-lumen central venous catheter and a
Swan-Gantz sheet inserted through the skin, A Swan-Gantz catheter was
inserted and retracted through the sheet thus svoiding contact with akin or
subcutaneous tissue. Catheter-tip cultures were petformed on removal of
catheters. Thirty-threc Swan-Ganiz catheters were cultured and all were
sterile. In the corresponding 33 sheets 16 (48:6%) yielded bacterial growth.
Four of the sheets showed growth of more than 15 cfu, In the 26 single-
lumen catheters, eight (30-8%) catheter-tips grew bacteria, and four of them
had morc than 15 colonies. The study supports the theory that the skin-
ingertion wound is 2 major source of catheter-conturnination,

Keywords: Central venous catherers; catheter related sepsis; bacterial con-
tamination.

introduction

Contamination of central venous catheters is a common problem in the
intensive care unit, and several studies have reported contamination or
colonization rates of catheters to range between 3-8% and 4:7%.'* Some
studies have shown correlation between contamination of central venous
catheters and septicaemia, and incidences of cathcter-assocmted septicaemia
between 25 and 25% have been documented.”!*

Many factors may contribute to the contamination of centraﬂ venous
catheters. Bjornson et al. 1982, Maki et al. 1977°, and Snydman et al.
1982b° suggest that most catheter-related infections begin 2s a local infection
of the skin insertion wound. However, other studies implicate the catheter-
administration set junction as an important source of bacterial con-
tamination.” "’ Recently, we have shown that the use of infusion-lines, even

Correaspondence w: Kim Egebo, Flintebakken 99, $3K 8240 Risskov, Denmark
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Table 1. Bactsrial contamination of catherer-tips

Catheter type

Sheet Swan-Guntz.  Single-lumen
Stenle 17 33 18
(No growth) {P<0.01) (P<0.01)
Broth enrichment 10 ;
(<5 colonies)
1-3 colonies 0 0 {
4-14 colonies 2 0 1
Contaminated 4 0 4
(>15 colontes)
‘Total . 33 33 26

Seatistica: cross tabulstion (no contamination/contamination), Sheet vs.
sinple-lumen, not significant.

Table 11. Catheter-tip contamination sn relation to time n situ and number of infusion-line

breaks

Catheter type (N) Time fn sitn . Bresks

, ») (N)
Sheet Mean (SEM) Mean (SEM)
No contamination 17 386 (46) 45 4 {37
14 colonics 12 49-0 (5-6) 52:2 (6-3)
Contammation 4 444 (14-2) 623 (4:3)
Single-Lumen
No contamination 18 579 (7-2) 57 (0-9)
14 coloniea 4 619 (14-0) 62 (1-4)
Contaminstion 4 72-8 09 65 (1-0y
Swan-Gantz _
No contamination 33 30:6 2:0) 1-8 (06)

The contamination rates for the catheters inserted with skin-contact
(sheet and single-lumen), were significantly higher than the contamination
rate for the Swan-Gantz catheters (no skin contact). There was no significant
difference in contamination rates hetween sheets and single-lumen catheters.
The statistical correlation in Table 1 is drawn between non-contaminated
and significantly contaminated catheters.

‘T'able 11 shows the results of catheter-tip cultures related to the time the
catheters were in situ, and to the number of times the infusion-lines were
broken during that time. No statistical correlation was found between
time in situ and contamination, or between the number of breaks and
contamination,

Staphylococcus epidermidis was isolated from six of cight contaminated
catheters, and the remaining two (sheet and single-lumen catheter from
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the same patient), vielded Staphylococcus and Serratia spp. S. eptdermidis
was the most frequently (75%) recovered from catheter-tips with low colony-
counts and the less common species were Klebsiella pnewmoniae (2%),
Proteus spp. and Neisseria spp. (1%).

Discussion

A correlation between contamination of central venous catheters and sep-
ticaemia in patients has been reported by several authors, and many sttempts
have been made to determine the major source of catheter contamination.
A recent study,'’ performed by this group, concluded that even the heavy
use of the infusion-lines, with multiple line breaks and infusions of blood
and TPN, probably did not influence the contamination rates observed but
indicated that the insertion-wound was a major source of contamination.
This study supports the view that contamination-rates are not influenced
by breaking the infusion-line. We found no significant difference betwcen
contamination-rates for sheets and for single-lumen catheters, and yet the
sheet infusion-lines {(Table 11).

It is noteworthy that the Swan-Gantz catheters were all sterile. This
suggests that the tips of the sheets were sterile when they were in sity,
because retracting a Swan-Gantz catheter through a contaminated sheet-
tip, would probably have resulted in at least some contamination. Thus,
the sheet-tips must have been contaminated after retraction of the Swan-
Gantz catheters, most likely when removing the sheet.

The nature of the organisms isolated, (many S. epidermidis), together
with the fact that the sheets most likely became contaminated during
retraction, strongly suggests that the skin insertion wound was the source
of contamination. Bacteria present in the insertion wound can, in time,
migrate along the catheter and into the bloodstream. In this study the
catheters remained in situ for a relatively short period, which may explain
the absence of catheter-related sepsis,

We conclude that the skin insertion wound is a major source of con-
tamination of central venous catheters, and further studies on methods of
reducing contamination would be of benefit.

We thank Dr Per Seguaard und Dr Jens Moller for their interest and cooperation, and for
an excellent bacteriological gervice.
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Abstract

Vartous members of the picornavirus family, adenovirus 2, papovavirus SV40, as well as
rotaviruses were tested for inactivation of infectivity by hand disinfectants formulated on
the basis of ethanol. The inactivating effect of povidine-iodine (Betaisodona) on
enteroviruses and rotaviruses was also investigated. The degree of inactivation by these
disinfectants on the various non-enveloped viruses studied, however, was found unpredict-
able. In fact, striking differences with the very same disinfectant existed even for members of
one virus family. Isopropanol was inactive against enteroviruses.

These findings are discussed from a theoretical point of view and practical implications
are considered.

Disinfection of poliovirus 1-contaminated hands by 80% (v/v} ethanol proved not very
effective, despite encouraging results obtained in the suspension test. The load of rotavirus-
contaminated hands, however, was substantially reduced by treatment with Desderman. A
practical regimen can be proposed.

Zusammenfassung

Verschiedene Mitglieder der Picornavirusfamilie, Adenovirus 2, Papovirus SV40 und
Rotaviren wurden auf Inaktivierung ihrer Infektiositit durch Handedesinfektionsmittel auf
der Basis von Ethanol untersucht. Der inaktivierende Effekt von Betaisodona auf Entero-
und Rotaviren wurde auch bestimmt. Der Grad der Inaktivierung durch die untersuchten
Desinfektionsmittel auf die verschiedenen nackten Viren erwies sich als unvorhersagbar.
Selbst wenn dasselbe Desinfektionsmittel verwendet wurde, ergaben sich eklatante Unter-
schiede der Inaktivierung fir Mitglieder einer Virusfamilie. Isopropanol war gegeniiber
Enteroviren inaktiv.

Die Befunde werden im Hinblick auf unsere Kenntnisse der Virusstruktur diskutiert,
desgleichen werden praktische Vorschlige unterbreitet.

Die Desinfektion von Poliovirus-kontaminierten Hinden durch 80% (v/v) Ethanol war
wenig effektiv, obwohl im Suspensionstest ermutigende Resultate erzielt worden waren.
Desderman reduzierte die nachweisbare Infektiositit Rotavirus-kontaminierter Hande
erheblich unter fiir die Praxis geeigneten Bedingungen.
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Introduction L L
By
Tnactivation of enveloped viruses presents little problems. A large number of lipid 2, :
solvents and other agents destroys the infectivity of these viruses almost instantane- E
ously (22). A different matter is the inactivation of non-enveloped viruses, and only i
limited information is so far available on this topic. On the other hand, nosocomial 3k
; infections with, e.g., rota-, picorna- or adenoviruses are quite common and may lead to att
; serious disease with sometimes lethal outcome (2, 6, 16, 17, 24, 26). It is also estab- :
| lished that handwashing alone is often insufficient to free contaminated hands from
! virus (8, 23). In fact, on the basis of detailed experimental studies with polioviruses we
' have proposed the hypothesis that the tenacity of picornaviruses on skin may be the
’ result of a special evolutionary process (23). At least the ease of horizontal spread of !
enteroviruses even under conditions of “high-standard hygiene” is more readily under- '
! stood.
: It is, therefore, of considerable medical importance to have available disinfectants
! with fast effects against non-enveloped viruses, which can also be applied to skin.
Accordingly, we have tested alcohols and some alcoholic disinfectants on some rep-
resentatives of non-enveloped virus groups in a suspension test. It seemed relevant for
. evaluation to follow the inactivation kinetics of virus infectivity, at least on a limited
basis. Thus, unsuitable agents can be excluded. It appeared also desirable to supply \
vell as further data whether test results obtained with one representative of a virus group i
‘ed on would also apply to other members of the same group. Finally, 2 disinfectants found :
a) on effective in the suspension test were used to disinfect poliovirus- or rotavirus-infected
these hands.
redict-
sers of
i
ations ;
Material and Methods i
it very i
\virus- Viruses {
an. A Poliovirus type 1 (Mahoney), type 2 (MEF)), echovirus type 12 (Travis), and reovirus i
type 3 (Dearing) were described before (9), as well as echovirus type 11 (Porz) and papo- )
vavirus SV40 (777) (22). D. Moldenhauer, Erlangen, FRG, kindly supplied coxsackievirus ;
type 4, strain Erlangen. Adenovirus type 2 {adenoid 6) was a gift of R. Wigand, Homburg, '
FRG. Vacciniavirus (Elstree) was obtained from E. K. Kuwert, Essen, FRG. R. G. Wyatt, !
Bethesda, MD, USA, kindly provided rotavirus strain Wa, A. Delem, Rixensart, Belgium, i
0 und rotavirus, strain RIT 4237. i
tel anf .
ntero- Cell cultures i
ichten :
agbar. GMK, HeLa, and CV-1 cells were described before (22). Ma 104 cells (25) were obtained i
Unter- from R. G. Wyatt, Bethesda, MD, USA. i
‘niiber J. Hilfenhaus, Marburg, FRG, kindly provided the Vero cells (29).
utiert, Virus propagation and infectivity assays
o1 war Enteroviruses were grown and titrated (plaque assay) in GMK cells (5). Rotaviruses and f f
varen. reovirus 3 were grown and assayed in Ma 104 cells (28). Rotavirus, strain Wa, and reovirus il
Hande 3 were t}uated by plaque assay (27), rotavirus, strain RIT ‘?237, by a quantal assay in tubes. i,
Adenovirus 2 was propagated and assayed in HeLa cells, either by plaque assay (22) or by a i
quantal test in tubes. The propagation and plaque assay of SV40 in CV-1 cells has been ! '
I
e
| 3
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described before (22). Vacciniavirus was grown in Vero cells. Titration was done in tubes by
a quantal test. The 50% endpoint of infectivity in all quantal tests was calculated by the
method of Reed and Muench (19).

Disinfectants

The following substances were used.
1. Isopropanol, z.A., Merck, Darmstadt, FRG
2. Ethanol, absolute, “Baker Analyzed”, J. T. Baker Chemicals B.V., Deventer, Holland
3. “V”, Krueger GmbH, Bergisch Gladbach, FRG.

Contents: ethanol, absolute 95,08
glycerol 40g
ricinus oil 10g

4. VP 1, ]. Hoeffler, Hamburg, FRG.

Contents: ethanol, 80% (w/w) 96.0¢g
choline dodecyl sulfonate - 20g
citric acid 20g

5. Desderman, Schiilke u. Mayr, Norderstedt, FRG.

Contents: ethanol, 95,3% (v/v) 78.2% (wiw)

2,3,4,5-tetrabrome-6-methyl phenol 0.1% (w/w)

excip. ad sol.
6. Betaisodona Losung standardisiert, Mundipharma GmbH, Limburg, FRG.
Contents: poly (1-vinyl-1-pyrrolidone)-iodine complex - 10% (wiv).

Suspension test -

Before the final proposal of the method recommended by the Bundesgesundheitsamt and
the Deutsche Vereinigung zur Bekimpfung der Viruskrankheiten (DVV) (20) we used in the
experiments with isopropanol and ethanol (Tables 1-6) a slight modification of the proce-
dure, viz. 1 part of virus suspension was mixed with 14 parts disinfectant in a test tube.
Later on (Tables 7-20), we followed exactly the procedure described by the Richtlinien (20),
i.e. 1 part of virus suspension was mixed alternatively with 1 part of aqua bidestillata, with
1 part of fetal bovine serum (FBS), or with 1 part of 2% bovine serum albumin (BSA). Then
8 parts of disinfectant were added to the test tube, and the contents were rapidly mixed. This
was considered time zero of the inactivation time. At indicated times aliquots of the mixture
were drawn and diluted immediately into ice-cold phosphate-buffered saline (PBS) (4). A
virus control was included in each experiment using distilled water instead of disinfectant.

The experiments were carried out in a water bath of 20+0.1 °C with reactants adapted to
this temperature.

The concentrations of disinfectants indicated in the Tables refer to initial concentrations
before mixing with virus and distilled water (FBS, or BSA). If no concentration is listed the
disinfectant was used undiluted.

Rigorous controls for cytotoxic effects of the disinfectants were carried out (22). Tests for
cytotoxicity in the tube tests were performed analogously to those described for the plaque
test, i.e. besides evaluation of cell morphology in tubes inoculated with the corresponding
concentrations of disinfectant also virus titrations were carried out in the presence of the
relevant concentrations of disinfectant. Only concentrations of disinfectant not interfering
with normal development of viral cytopathic effects were considered.

Hand tests

Thirty minutes prior to an experiment, a subject’s hands were neither washed nor disin-
fected. Virus suspension (0.5 ml) was pipetted onto the subject’s left palm and distributed
with washing movements over the entire surface of both hands, wrists excluded. For this, 90
seconds were allowed, followed by a pause of 30 sec to let the suspension completey dry.
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For recovery of virus from the hands, they were rinsed with washing and rubbing move-
ments in 200 ml cold PBS in a glass Petri dish {diameter 20 ¢m) for $ min.

"The washing fluid and the virus suspension used for contamination of hands were titrated
for infectivity and the proportion virus recovered was calculated.

For disinfection with ethanol (Table 21) the poliovirus-contaminated hands were rubbed
twice for 90 sec with 2.5 ml each time. Subsequently, virus was recovered and titrated asjust
described.

Disinfection with Desderman of rotavirus-contaminated hands (Table 22) was carried
out with 3 ml disinfectant for the time indicated. In case of the 3x1 min application of
Desderman 3x3 ml were used. Virus recovery was performed as described abave.

Results
Effects of various virus disinfectants in the suspension test

In a first series of experiments the inactivation effects on infectivity of several non-
enveloped viruses by some disinfectants were tested in the suspension test. Though we
are fully aware of the limitations of results obtained in a suspension test, particularly
when compared with the efficacy of disinfectants on hands or other surfaces (7, 22)
such studies may serve to exclude ineffective agents.

As shown in Table 1 isopropanol even in high concentrations has no effect on the
infectivity of poliovirus 1 and echovirus types 11 and 12 after exposure for 15 min.
This argues against the recommendation to use 70 per cent isopropanol for inactiva-
tion of picornaviruses (13) and agrees with results reported earlier (14):

Ethanol, on the other hand, in high concentrations, exhibits inactivating activity on
poliovirus 1 and echovirus types 11 and 12 (Table 2). The effect of ethanol (80 and

Table 1. The infectivity of enteroviruses is not affected by various concentrations (v/v) of
isopropanol within 15 min

Virus control Isopropanol, 15’
0 - 15 50% 60% 70% 80% 90%

Poliovirus 1 2.4x107*2.0x107 1.8x107 1.1x107 1.4x107 1.6x 107 2.4%x 107
Echovirus 11 2.8x10°% 2.4x10% 2.4x10° 1.7x10° 2.0x 10¢ 1.8x10° 2.4x10¢
Echovirus 12 . 4.5%10° 4.2x10° 4.8x10° 5.0 10° 4.1 x10° 3.4 x 10% 3.7x10°

* PFU

T_ab]e 2. Effect of various concentrations (v/v) of thylalcohol on the infectivity of entero-
viruses

Virus control Ethanol, 15°
o 15’ 50% 60% 70% 80% 90%

Poliovirus 1 1.5x107*1.5x107 1.5x107 1.8x107 2.0x10° 3.0x10? —
Echovirus 11 3.4x10% 3.7x10° 2.0x10° 1.6x10° 5.5x10° 8.0x10? 8.0x 10
Echovirus 12 3.9x10% 2.8x10° §.3x10° 1.4Xx10° 1.2x10* 4.5x10' <0.5x10

* PFU

ii;
|
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Table 3. Inactivation of poliovirus 1 by ethanol (80% and 90% v/v) over time

min
0 1 2 ] 10 15
Virus control ~ 2.9x 107* 2.3%107
Ethanol, 80% 1.8x10% 2.0x10* 23x10° 2.7x10* 1.2x10%
Ethanol, 90% 22x10 5.5%x100 2.5x10' 1.5x10' 3.0x10!

* PFU

Table 4. Effect of various concentrations (v/v) of ethanol on the infectivity of adenovirus 2
over time .

min
0 1 2 S 15
Virus control 6.2 x 10°* 7.0x10°
Ethanol, 60% 1.3x10° 2.9x10* 6.6x107 <0.5x10!
Ethanol, 70% 2.4%10% 4.4x10° 3.5%10' <0.5x10!
Ethanol, 80% 22x10°  9.5x10? <0.5%10' <0.5x10!
Ethanol, 90% 2.6x10* 1.9x10° <0.5x10' <0.5%10!

* PFU

Table 5. Effect of various concentrations (v/v) of ethanol on the infectivity of reovirus 3 over
time

min
0 1 2 S 10 15
Virus control 4.2 x10°* 11.5x10°
Ethanol, 50% 19.5 x 10°
Ethanol, 80% 47x10*  3.0x10*
Ethanol, 90% <0.5%10% <0.5x10 <0.5%x10% <05%x10* <0.5%10%

* PFU

Table 6. Inactivation of rotavirus (strain Wa) by various concentrations (v/v) of ethanol

Time Virus .

(min) control 20% 40% 60% 90%

0 1.1x10°

1 1.0x10° 7.8 x10* <1.0x10' <1.0x10!
2 1.1x10° 1.1x106° 8.4x10* <1.0x10' <1.0x10?

* PFU
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90%) on poliovirus 1 has been studied in some more detail (Table 3). It can be seen
that 90% ethanol (v/v) reduces the infectivity of the virus about 10° fold within 1 min.
Interestingly enough, adenovirus 2 appears to be slightly more resistant, though 80%
ethanol reduces its infectivity below detectable levels (factor 10°) by 5 min exposure
time (Table 4). Reovirus 3 is rapidly inactivated by 90% ethanol (Table 5), rotavirus
(strain Wa) even by 60 /n ethanol within 1 min (Table 6).

¥t hﬁr&y FOT Intetlere mﬂr?gﬁ? : (yad A :
virus is rapidly inactivated (Table 8), adenovu’us 2 to a hmxtcd degree (Table 9). A

representanve of the papovavirus family, SV40, appears, unlike poliovirus, only slowly
fprl and at most b |-m a factor of 103 after 15 minutes /Tzh]? 10). The mfectlvn:v

of rotav1rus on the other hand is rapidly inactivated below detectable levels (factor
almost 10%) (Table 11).

Table 7. Inactivating effects of disinfectant “V” on the infectivity of poliovirus 1

min
0 1 2 3 5
Virus control 1.0x107* 1.0x 107
“y” + A, bidest. 2.0x10° 3.6x10° 2.0x10*  2.0x10?
+ FBS 1.5x10° 2.0x10? 1.9x 102 1.3x10%
+ BSA 3.7x10° 2.6x10*  1.4x10% 7.0x10

* PFU

Table 8. Inactivating effects of disinfectant “V” on the infectivity of vaccinia virus

min
2 s

Virus control 1.8 x 10°*
“V» + A. bidest <3.2x30! <3.2x30

* TCIDs,

Table 9. Effects of disinfectant “V” on the infectivity of adenovirus 2

min
0 1 2 3 b
Virus control 3.2 x10%* 3.2x10*
“V” + A. bidest. 0.5x10° 2.0x10° 2.0x10* 6.0x10?

* TCIDs,
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Table 10. Effects of disinfectant “V” on the infectivity of SV40

min

0 1 2 3 5 15
Virus control 1.2 x107* 8.5%10°
“V” 4+ A. bidest. 28x%x10° 6.5x10* 4.3x10* 2.6x10* 2.8x10°
+ FBS 15%10° 1.1x10° 14x10° 50x10* 24x10*
+ BSA 1.9%x10° 1.3x10° 2.9x10* 2.7x10* 1.2x10%

Table 11. Inactivating effects of disinfectant “V” on the infectivity of rotavirus, strain RIT
4237

min
0 1 2 3 S
Virus control 1.0 % 10%* 1.8x10°%
“y”» + A. bidest. <32x10° =3.2x10° =32x10° =3.2x10°
+ FBS <3.2x10° =<32x10° =<32x10° =3.2x10°
+ BSA <32x10° =32x10° =<32x10° =3.2x10°
* TCIDs,

A further alcoholic disinfectant, VP1, has also been investigated with members of
non-enveloped virus families. As can be seen in Table 12, the infectivity of poliovirus 1
is inactivated almost instantaneously by the factor 10°. The inactivating activity ap-
pears slightly impaired by the presence of FBS. Adenovirus 2 {Table 13) and SV40
(Table 14) are likewise inactivated within 1 minute below detectable levels, as is
rotavirus (Table 15).

The virus-inactivating effects of the alcoholic disinfectant Desderman on a wide
array of non-enveloped and enveloped viruses has been described previously (22). As
shown in Table 16, Desderman also rapidly inactivates the infectivity of rotavirus, and
the inactivation kinetics does not appear affected by the presence of proteins (data for
BSA not shown). By lowering the concentration of Desderman by the factor of 0.625,
the inactivating effect on rotavirus seems unimpaired. However, a further reduced
concentration (factor 0.125) is practically ineffective (Table 16).

Table 12. Inactivation of poliovirus 1 by VP1

min
0 1 2 3 5
Virus control 7.5 x 10%* 6.5 x 108
VP1 + A. bidest. <0.5%102 <0.5x102 <0.5x107 <0.5x%10?
+ FBS 1.7 x10° 1.0x10*  0.5x10? 0.5 x 10?
+ BSA <0.5%10* <0.5%x107 <0.5x10? <0.5x10?

* PFU

Table
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Table 13. Inactivating effects of VP1 on the infectivity of adenovirus 2

min
0 1 2 3 5
Virus control 3.2x10% 1.8x10°
VP1 + A. bidest. <32x10' =32x10' =32x10" =3.2x10
+ FBS =32x10' =32x10' =32x10' =32x10!
+ BSA <32x10' =32x10' =32x10" =3.2x10!
* TCIDso
Table 14. Inactivating effects of VP1 on the infectivity of SV40
3 min
0 1 2 3 S
Virus control 1.2 x 108 1.7 x 10¢
VP1 + A. bidest. <0.5x107 <02x102 <0.5x10* <0.5x10?
+ FBS <0.5x107 <0.5%10%2 <0.5x10* <0.5x10?
+ BSA <0.5%x100 <05%x10% <0.5x10* <0.5%x10?
* PFU

Table 15. Inactivating effects of VP1 on the infectivity of rotavirus, strain RIT 4237

min
0 1 2 3 5
Virus control 5.6x10%* 5.6%10°
VP1 + A. bidest. <32x10' =32x10' =32x10' =3.2x10
+ FBS =32x10' =32x10' =32x10' =3.2x10
+ BSA =3.2x10" =32x10' =32x10' =32x10
* TCIDs,

Table 16. Inactivating effects of Desderman on the infectivity of rotavirus, strain RIT 4237

min
0 1 3 5

Virus control 1.8 x 105* 1.8x10%
Desderman 100% + A. bidest. <3.2x10" =<32x10' =3.2x10!

+ FBS =<32x10' =32x10' =<3.2x10'
Desderman 62.5% + A. bidest. <3.2x%10' =32x10' =<3.2x10}

+ FBS <32x10' =32x10' =<3.2x10!-
Desderman 12.5% A. bidest. 1.8 x 10% 5.6x10° 5.6x10°

+ FBS 3.2x10¢ 5.6x10° 5.6x10°

* TCIDsp
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The iodine-containing disinfectant Betaisodona was also tested against rotavirus.
Concentrations as low as 0.1% inactivated the virus below detectable infectivity within
30 sec (Table 17). A tenfold lower concentration (0.01%) was ineffective. The inac-
Yavating clieceat ignificantly affected b gt

car significantly. affected by, t

ects o Betaisodona, however, a .4k
R R T i e

Table 17. Inactivation of rotavirus, strain RIT 4237, by Betaisodona

min
0 1/2 1 2 5

Virus control 3.2x105* ‘ 5.6x10°
Betaisodona 10%

+ A. bidest. =3.2x10" =32x10' <3.2x10

+ FBS =3.2x10" =32x10' =32x10' =3.2x10

+ BSA =32x10" =32x10' =32x10' =32x10!
Betaisodona 1.0%

+ FBS =32x10° =32x10°

+ BSA =3.2x10° =3.2x10°
Betaisodona 0.1% -

+ A. bidest. =32x10° =32x10° =<32x10° =<3.2x10°

+ FBS 5.6x10* 5.6x10* 1.8x10° 5.6%x10*

+ BSA 1.8 x10° 1.8x10° 1.8x10° 1.8%10°
Betaisodona 0.01%

+ A. bidest. 1.8x10¢  S.6x10°
* TCIDs,

Differing disinfecting activity vs. various members of the same virus family

For obvious technical reasons only a very limited number of viruses can be selected
to be tested against specified disinfectants (20). We have previously presented evidence
that significant differences might occur with' members of the same virus family, even
with various strains of the same virus type {22). This finding has now been further
substantiated. : '

It is obvious from Table 2 that echovirus types 11 and 12 are more sensitive to the
disinfecting activity of 70% ethanol than poliovirus 1. Poliovirus 2, strain MEF,
appears more sensitive to Betaisodona than poliovirus 1, strain Mahoney (Table 18),
whereas echovirus 12, Travis, is rapidly inactivated below detectable level (factor
> 10°) (Table 18). A likewise striking example concerns the different sensitivities of
poliovirus 1, strain Mahoney, and echovirus 11, strain Porz, respectively, versus disin-
fectant “V” (compare Tables 7 and 19).

Furthermore, echovirus types 11 (strain Porz) and 12 (prototype Travis) are signifi-
cantly more resistent to disinfectant VP1 (Table 20) than poliovirus 1 (Mahoney) (see
Table 12), particularly in the presence of proteins. A strain of coxsackievirus B4

(Erlangen), on the other hand, appears rapidly inactivated below detectable infectivity
levels (Table 20).

Table 18.
virus 2, M

Poljovirus

Virus cont
Betaisodor.
+ A. bic

Poliovirus
Virus cont
Betaisador

+ A. bic

Echovirus
Virus cont
Betaisodor

+ A. bic

* PFU

Table 19.
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Table 18. Different inactivating activity of Betaisodona on poliovirus 1, Mahoney, polio- -
virus 2, MEF;, and echovirus 12, Travis

min :
0 10 20 30 40
Poliovirus 1
Virus control 6.5 x 105+ 6.0x 108
Betaisodona 1.0%
+ A. bidest. 45%x10°  20x10* <0.5x10* 0.5%x10?
0.1% 6.5%10° 6.5 x10* 8.5x 10} 1.5x 10!
Poliovirus 2
Virus control 2.5x10¢ 2.45x 108
Betaisodona 1.0%
+ A. bidest. 1.2x10° <0.5x10' <0.5x10! <0.5x10
0.1% 3.5x10* 1.7x10*  2.0x10' <0.5x10
Echovirus 12
Virus control 1.5x10¢ . 1.2 %108
Betaisodona 1.0%
+ A. bidest. <0.5x10? <0.5x10*° <0.5x10?
0.1% <0.5x107 <0.5x10' <0.5x10!
* PFU

Table 19. Effects of disinfectant “V” on the infectivity of echovirus 11, strain Porz

min

0 1 2 3 S
Virus control 2.8%x107* 3.9%107
“V” + A. bidest. 24x107 24x10° 1.7 x10* 3.2x10°
+ FBS 27x107  2.1x10° 8.5x10° 3.7%x10°
+ BSA 2.7%x107 23x10° 1.4%x10% 1.4x10°

* PFU

Eighty % ethanol was shown in the sus?ension test to reduce the infectivity of
poliovirus 1 within 2 min by the factor 10° (Table 3). In the light of our previous
experiments (22, 23) and for practical purposes it seemed relevant to determine the
disinfecting capacity of 80% ethanol with poliovirus 1-contaminated hands. After
application of the virus (see Methods) the hands were rubbed twice carefully with 2.5
ml of the alcohol each time. For control the recoverability of virus from untreated
hands had been determmed before The virus snll to be recqyered from the hands
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Table 20. Different inactivating activity of VP1 on the infectivity of echovirus 11, Porz,
echovirus 12, Travis, and coxsackievirus B4 Erlangen

(1 COX54CK us oa, oI

min
0 1 2 3 5
Echovirus 11
Virus control 2.5x107* 9.5 x 10%
VP1 + A. bidest. 5.5x10% 1.5x10* <0.5%x10* <0.5%10?
+ FBS 5.2x108 3.1x10% 1.0x10°¢ 6.7x10°
+ BSA 2.3x10¢ 7.5%x10* 1.0x10* 1.3x10°
Echovirus 12 .
Virus control 3.7x 108 2.6x10°
VP1 + A. bidest. 2.5%x10° 1.8 x10* 2.6x10° 1.2 % 10?
+ FBS 7.0x10° 3.0x10° 2.2x10° 8.0x10*
+ BSA 3.2x10° 1.2x10°  7.0x10*  1.2x10*
Coxsackievirus B4
Virus control 3.1x10° 2.4%10°
VP1 + A. bidest. 0.5 x 10? <0.5%10? <0.5x10* <0.5x10?
+ FBS 2.5x100 <0.5x102 <0.5x10% <0.5x10?
+ BSA 0.5 % 10% <0.5x107 <05x10* <0.5x%10%

* PFU

Table 21. Recovery of poliovirus 1, Mahoney, from untreated hands and from hands
disinfected with 80% (v/v) ethanol

Poliovirus  Subject Control Ethanol Percent recovered
applied No. ' ethanol/control
8.75x107*

1 3.0x107 (34%)** 4.5x10°(5.1%) 14.9%

2 2.8x107 (32%) 7.5%10%(8.6%) 26.8%

3 2.9%107 (33%) 1.5%107 (17.1%) 52.5%

* PFU
** Percent recovered .
Poliovirus-contaminated hands were rubbed 2x for 90 sec with 2.5 ml ethanol each time

:, Nehrkorn and Steinmann, however, reported more favorable
“ethanol (18). This may be due to certain differences in experimental
design. But we should like to stress that in our judgement slight experimental changes
might change the tip of the balance, i.e., 80% ethanol does not appear a safe hand
disinfectant vs. poliovirus.

Undiluted Desderman was demonstrated to inactivate rotavirus in the suspension
test by the factor of about 10° within 1 min (Table 16). Since disinfection of rotavirus-
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contaminated hands is of considerable practical importance (1, 15), we tested the
efficacy of Desderman,

In preliminary tests it was shown that about 20% of rotavirus strain RIT 4237 could
be recovered from contaminated hands after rubbing about 108 to 107 infectious units
into both hands (see Methods).

For disinfection virus-contaminated hands were rubbed with 3 ml of undiluted
Desderman for various lengths of time: 5 min, 3 min and 1 min, respectively. The
results are presented in Table 22. A 5 min treatment reduced recoverable infectivity on
the average about 350 times as compared to the control. The best effect amounted to
0.014% or less, the least to 0.83% (factor about 120). The average efficacy of a 3 min
treatment appears somewhat less (factor about 170), though the variability of the
results must be considered.

A 1 min treatment (Table 22) could also be quite effective, but in one out of the 4
subjects tested with this regimen the result was poor {18.2%). A 3x1 min treatment did
not seem strikingly better than a 3 min treatment (Table 22), though in the first
situation“each time 3 ml disinfectant had been used: thus the total amount of disinfec-
tant was 3 times greater than in the standard test.

Table 22. Efficacy of disinfection under various conditions with Desderman of hands conta-
minated with rotavirus, strain RIT 4237

Duration of disinfection

S min 3 min 3x1 min 1 min
percent
=0.014* 0.041 0.14 =0.012
=<0.026 0.14 0.15 =0.019
0.028 0.36 0.20 2.3
0.30 0.36 0.27 18.2
0.33 0.76 0.68
0.51 1.90 1.58
0.83
Average =0.291 0.59 0.50 =<5.13

* Percent recovered Desderman/control. Each figure refers to a different subject
Note: about 10° to 107 infectious units were applied to the hands. The average recovery of
virus in the control was 20.1%

Discussion

As stated in the introduction relatively little is known on inactivation and inactiva-
tion kinetics of non-enveloped viruses by disinfectants. At least in part this is due to the
difficult and costly methodological problems. Pioneering work with brilliant theoreti-
cal considerations has been done by Sven Gard and his group on the occasion of the
development of the inactivated poliovirus vaccine (10). This, however, concerned inac-
tivation of poliovirus infectivity by formaldehyde, a substance for various reasons
unsuitable for application to skin.
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J. M. Gualtney and coworkers did important work on the spread of rhinoviruses by
skin to skin contact and its prevention by virucidal compounds (3, 11, 12). In recent
years Sattar’s group studied the survival of rotaviruses on hands and its transfer to skin
and stainless steel surfaces (1). Their results indicate the potential vehicular role for
human hands in the spread of rotaviral infections, as shown previously in many studies
on epidemiological grounds (see, e.g., 6, 15). However, thorough work on the effec-
tiveness of disinfection of rotavirus-contaminated hands was still lacking. The import-
ance of nosocomial and sometimes lethal picornavirus infections must also be stressed
(16, 17, 24).

Work done over the last decade in our laboratory and by several others strongly
emphasized the need for carefully controlled and highly standardized experimental
conditions, actually a truism in experimental medicine. However, standardization for
testing virucidal agents at least in the suspension test (20) on an international level
materializes only slowly. The present work was done to assemble essential data on
some alcoholic and one iodine-containing disinfectant to provide a basis for a critical
discussion of standardized suspension tests. We further extended our work on disinfec-
tion of polioyirus virus-contaminated hands.

H

; Hplections ol s grou TS0
“the other hand, ethanol in high concenttations, e.g. 90%,
poliovirus 1, reovirus 3 and rotavirus rather fast (Tables 3,5,6). Adenovirus 2 appears
relatively resistant (Table 4). Adenovirus 2, a naked virus, was reported by Klein and
Deforest (14) to be inactivated in a suspension test similar to enveloped viruses. The
present data and previous results with adenovirus 5 and Desderman (22) do not
support this finding.

Another alcoholic disinfectant tested in the present series, viz. “V” containing gly-
cerol, appeared likewise not very effective against adenovirus 2 (Table 9), though
considerably potent against poliovirus 1 (Table 7). Lastly, disinfectant VP1 (containing
the tensid choline dodecyl sulfonate and citric acid) inactivated adenovirus 2 within 1
min below detectable infectivity (Table 13).

The papovavirus SV40 was readily inactivated by VP1 (Table 14), however consid-
erably resistant to “V” (Table 10) and, as reported before, to Desderman (22).

Ready inactivation of rotavirus infectivity was achieved by all disinfectants tested in
this series, by 60% ethanol (Table 6), by “V” (Table 11), VP1 (Table 15), Desderman
(Table 16), and Betaisodona (Table 17), a finding of practical importance (see also 21).

Our understanding of the physicochemical basis of virion integrity is still much too
incomplete to allow predictions as to the effects of certain groups of virucidal chemi-
cals on viral infectivity, As demonstrated in this paper various disinfectants with an
ethanol base affect the infectivity of a single virus, e.g. adenovirus 2 or SV40, quite
differently, depending on additional components. Furthermore, the very same virucidal
agent affected the representatives of various groups of naked viruses differently, and as
yet unpredictively.

It appears that in regard to susceptibility to disinfectants the structural diversity of
nonenveloped viruses is all in all greater than that of organisms such as bacteria,
though we are aware of the limitations of such a broad statement. Enveloped viruses
the infectivity of which is readily inactivated by destruction of the lipid-containing
membrane, react almost uniformly, as one would expect.

A problem of considerable concern is the variability of various members of a single
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virus family as to the susceptibility to the very same disinfecting agent. Striking examp-
les were presented in the result section. Analogous to the situation just discussed for
members of various virus groups predictions appear not possible. E.g., 70% ethanol
inactivates echovirus types 11 and 12 significantly, but hardly poliovirus 1. On the
other hand, the inactivating effects of VP1 vs. poliovirus 1 are in the order of 10°, and
also coxsackzewrus B4 is rapidly inactivated, whereas the echoviruses tested are signifi-
cantly resistant, particularly in the presence of fetal bovine serum. Furthermore, 0.1%
Betaisodona hardly inactivates poliovirus 1, Mahoney, within 10 min (Table 18), but
the infectivity of echovirus 12, prototype Travis, is reduced below detectable levels
(factor > 10°) within the same period of time (Table 18). It follows that a rational
pattern is not yet in sig ht ;

skm dxsmfecnon will hardly be possxble in the near future. Selective use of agents active
against pathogenic vituses commonly present in certain settings must be the practical
compromise.

Following a standard protocol for the suspension test is of utmost importance. We
have earlier presented data on the significance of parameters like virus-disinfectant
ratio, reaction temperature, and serum protein load (22). Variation of one of these
parameters alone may alter the results dramatically, ranging from no effect on virus
infectivity to inactivation over 4 orders of magnitude. We have substantiated these
results in the present investigation (data not shown). However, it turned out informa-
tive to use at least 2 proteins to study the effect of serum protein load. Striking
differences may become apparent {(see e.g. Table 20).

Determination of inactivation kinetics over a certain time seems a necessity. A
“curved” inactivation kinetics with a faster initial, and slower ensuing phase, often
finally leveling off, appears almost a rule. The physicochemical problems involved were
discussed by Gard (10). Therefore, depiciting only the time required for inactivation
over a certain order of magnitudc, e.g. reduction of infectivity by the factor of 100 or

: methodological
m greaf a?t?ﬁ‘ > “Saffice it to say here that
the amount of infectious virus particles still on hands after washing or disinfection
cannot be determined directly. This would require sampling periods in the order of
hours. Furthermore, since poliovirus 1, and possibly many other viruses, stick to skin
with greatly differing strength of bmdmg after washing, the same effort of sampling
may yield different fractions of the virus still on the skin, fractions the size of which is
not known

Sble 21). On a dlffcrent day the recovery rate of infectious virus after treatment with
disinfectant was determined. The ratio of recovery rate: disinfectant over control was
used as a measure of efficacy of disinfection.

For disinfection of poliovirus 1-contaminated hands §0% ethanol was little effective
(Table 21), despite substantial activity in the suspension test (Table 3). This discre-
pancy has been described and analyzed before (22). Besides possible “sheltering”
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effects of the skin evaporation of the alcoholic disinfectant may play a significant role.
It has, however, likewise been observed with an aqueous iodine solution against
rhinovirus type 29 on skin {fingers) (3).

Quite satisfactory results were obtained with Desderman against rotavirus on hands
(Table 22). It should be pointed out that the recovery rate of rotavirus in the control
experiments was fairly constant 20%. Differences in efficacy of disinfection within the
same group, e.g. 5 min of disinfection, were due to variation in the amount of virus
recovered after application of Desderman. The reasons for the different efficacies with
the various subjects are not yet known. Studies are in progress to determine whether it
is influenced in a systematic fashion by the individual.

Effective disinfection was achieved in practical periods of time. Even a 1 min treat-
ment could be effective, but apparently it is too short to reach a certain margin of
safety.

It is of interest that a 3x1 min treatment was not significantly more effective thana 3
min treatment, although in the first case a 3-fold amount of disinfectant had been
applied. This finding appears to weaken the argument that evaporation might be a
significant factor in this situation, as discussed above. It is, nevertheless, obvious that
the suspension test also in this case yields more optimistic results than those achieved
with disinfection of hands. However, a striking reduction of rotavirus on skin appears
feasable and may contribute to the control of nosocomial rotavirus infections.
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Spectrum of Clinical Illness in Hospitalized Patients with “Common Cold”

Virus Infections

Hana M. El-Sahly,' Robert L. Atmar,'?
William P. Glezen,>* Stephen B. Greenberg,'?

Departments of * Medicine, *Molecular Virology and Microbiology,
and *Pediatrics, Baylor College of Medicine, Houston, Texas

The viruses associated most frequently with the *common cold” are rhinoviruses and co-
ronaviruses. The first prospective cohort study to determine the prevalence of rhinovirus and
coronavirus infections in patients of all ages hospitalized for acute respiratory illnesses is
described. Hospital admissions for acute respiratory illnesses were identified, and cell culture
for rhinovirus and serologic assays on paired sera for coronaviruses 229E and OC43 were
performed. A total of 61 infections with rhinoviruses and coronaviruses were identified from
1198 respiratory illnesses (5.1%); in addition, 9 additional infections associated with =1 other
respiratory viruses were identified. Of those infected with only rhinovirus or coronavirus,
underlying cardiopulmonary diseases were present in 35% of the patients aged <5 years, in
93% aged between 5 and 35 years, and in 73% aged >35 years. The predominant clinical
syndromes varied by age: pneumonia and bronchiolitis in children aged <5 years; exacerbations
of asthma in older children and young adults; and pneumonia and exacerbations of chronic
obstructive pulmonary disease and congestive heart failure in older adults. Therefore, rhi-
novirus and coronavirus infections in hospitalized patients were associated with lower res-

piratory tract illnesses in all age groups.

Rhinoviruses and coronaviruses are the most frequently iden-
tified causes of the “common cold” syndrome [1-3}. Rhinovi-
ruses are members of the Picornaviridae family and were first
identified in 1956 [4]. Since then, >100 different serotypes have
been identified [5]. Human coronaviruses, members of the Co-
ronaviridae family, were first identified in 1962 and have been
particularly difficult to isolate by use of standard cell culture
techniques [6, 7]. A self-limited upper respiratory tract illness,
or “common cold” syndrome, is the usual clinical manifestation
of infection with these viruses. However, over the past 3 dec-
ades, several studies have found these viruses to be associated
with clinical syndromes that require hospital care [8-19). We
recently performed a prospective, cohort study to evaluate the
association of respiratory virus infection with respiratory con-
ditions identified in hospitalized patients [20]. In this article,
we describe the demographics and clinical characteristics of
hospitalized patients identified with recent rhinovirus or co-
ronavirus infection.

Methods

Study design.  This prospective study was conducted in an ur-
ban public teaching hospital (Ben Taub General Hospital), a chil-
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dren’s hospital (Texas Children’s Hospital), and a community hos-
prtal (St. Luke’s Episcopal Hospital) in Houston, Texas, from 1991
through 1995 {20]. Patients with an admitting diagnosis suggestive
of an acute respiratory condition or congestive heart failure (CHF)
were visited in the hospital to confirm eligibility and to seek consent
for participation. Acute respiratory disease diagnoses included the
following: pneumonia, tracheobronchitis, bronchitis, croup, and
exacerbations of asthma or chronic obstructive pulmonary disease
(COPD). Patients with active tuberculosis or known HIV disease
were excluded. On admission lo the hospital, a nasal and/or throat
swab and an acute serum specimen were obtained. A convalescent
serum was collected =10 days after obtaining the acute serum.
Patients’ inpatient medical records were reviewed. Information col-
lected included sociodemographic data,_symptoms, signs, acute res-
piratory diagnosis and other diagnoses, the location of admission
(i e., general ward or intensive care unit), the duration of hospi-
talization, the need for ventilatory support, and the chest radid-
graph interpretation.

Laboratory methods.  Respiratory secretion specimens were in-
oculated on 4 cell culture lines, including human embryonic lung
fibroblast ceils (WI-38), continuous human epithelioid carcinoma
cells (Hep-2), rhesus monkey kidney cells (LLC-MK2), and pri-
mary rhesus monkey kidney or Madin-Darby canine kidney
(MDCK) cells. Rhinoviruses were identified initially by the char-
acteristic cytopathic changes induced in cell culture. Rhinoviruses
were differentiated from enteroviruses by use of acid lability or
reverse transcriptase (RT)-PCR assays[21}. Coronavirus infectiuns
were identified serologically by use of paired serum samples, with
the convalescent serum being collected at least 10 days after the
acute serum collection. Antibody tests for coronavirus 229E were
performed by use of a microneutralization assay, and infection was
defined by the presence of a =4-fold increase in antibody levels
[22]. An ELISA was used to measure antibodies to coronavirusg
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OC43, and infection was defined as a =4-fold increase in ELISA
IgG antibodies or by a =2.5 increase that was confirmed on a
repeated test [23]. Coinfections with other respiratory viruses were
identified by cell culture and serology, as described elsewhere [24].

Results

A total of 1068 patients were enrolled in the study, and these
patients had 1198 illnesses evaluated. Of these illnesses, 408
(34.1%) had paired sera available for testing for coronavirus
infection. Sixty-one illnesses were identified that were associated
with a rhinovirus or coronavirus infection, but infection with
no other respiratory viruses (table 1); 9 additional illnesses were
associated with both a “common cold” virus (6 rhinoviruses
and 3 coronavirus OC43) and an additional respiratory virus
(influenza virus, respiratory syncytial virus [RSV}], or parain-
fluenza virus). These patients with dual virus infections tended
to be younger (5 of 9, aged <5 years) and more likely to have
had paired sera collected (6 of 9 versus 18 of 61, respectively)
than the group identified to have only “common cold” virus
infections. These illnesses were not considered further because
of the potential confounding effect of the additional respiratory
virus infection.

Table 1. Sociodemographics and laboratory abnormalities in hospit-
alized patients with infections caused by rhinoviruses and corona-
viruses.

Age group, years

Data <5 5-35 >35
Total no. of illnesses evaluated 419 . 233 546
Total no of ilinesses with paired sera
available 83 99 226
No. of patients with “common cold” virus
infection” 20 15 26

Rhinovirus - 18 14 i3

Coronavirus 2 1 13°
Male:Female 8:12 | 6:9 8:18
Race .

Black 4 7 14

Hispanic 15 4 4

White 1 3 8

Asian 0 i 0
History of smoking 0 2 18
History of asthma 5 13 18
Prior influenza vaccioe 0 4 12
Prior pneumococcal vaccine 0 1 4
Mean no. in household 5.6 38 3.0
Mean WBC count, cells/uL 16,000 12,500 10,900
Positive blood cultures/total 29° 03
Chest radiographic abnormalities 9/16 5/ 18725

NOTE. RSV, respiratory syncytial virus.

* Does not include 9 dual infections: S in age group <5 years (2 rhinovirus/
RSV, 1 rhinovirus/influenza A virus, | rhinovirus/RSV/influenza A virus, and 1
coronavirus OC43/influenza A virus coinfections), 3 in age group 5-35 years (2
rhinovirusfinfluenza A virus and | coronavirus OC43/influenza A virus comnfec-
tions), and 1 in age group >35 years (coronavirus/influenza B virus/parainfluenza
type 3 virus coinfection).

® One dual nfection (coronavirus OC43 and coronavirus 229E).

€ Two positive for Staphylococcus species.

¢ Two posttive for Streptococcus pneumoniae.

“Common Cold” Viruses 97

The racial/ethnic distribution of the patients with a “common
cold” virus infection was similar to that of the overall study
population: 41% (n = 25) versus 51% black:; 38% (n = 23) ver-
sus 31% Hispanic; 17% (n = 12) versus 16% white; and 1%
(n = 1) versus 1% Asian. In addition, the age distribution of
patients with a rhinovirus or coronavirus infection was similar
to that of the overall study population: 33% versus 37% aged
<5 years, 25% versus 19% aged 5-35 years, and 43% versus
44% aged >35 years. Eighteen (90%) of the 20 patients aged
<5 years, 14 (93%) of 15 patients between the ages of 5 and 35
years, and 13 (50%) of 26 patients aged >35 years had rhino-
virus infections. The remaining 16 patients had coronavirus-
infections.

Hlnesses associated with “common cold” viruses occurred .
throughout the year but were less frequent during summer
months. The distribution of illnesses was as follows: 28% of
cases occurred between January and March, 25% between April
and June, 13% between July and September, and 34% between
October and December, Fifty-eight percent of rhinovirus in-.
fections and 81% of coronavirus infections occurred between
October and March; 8 of the 9 infections associated with other
respiratory viruses also occurred during this period.

The patients’ admitting diagnoses were tabulated (table 2).
In the group aged <5 years, the most common clinical diagnoses
on admission were asthma (n = 7), bronchiolitis (5), possible
sepsis (5), and pneumonia (4). For patients between the ages
of 5 and 35 years, the primary reason for admission was for
the treatment of asthma (14); 1 patient had pneumonia. For
patients aged >35 years, most clinical diagnoses on admission:
were for the treatment of pneumonia (n = 8) CHF (7), COPD
(7), and asthma (5). Overall, a chronic cardiopulmonary disease
diagnosis was present in 39 (64%) of 61 patients, with asthma
being the most common illness, followed by CHF and COPD.

Hospital care took place on the wards in 66% of the cases;:
however, 34% of the cases were treated in the intensive care
unit or the intermediate care unit. One patient aged <35 years
required mechanical ventilation compared with 2 patients aged,
>35 years (table 3). Fever and an elevated WBC count were'
more common in patients aged <5 years, and wheezing was’
seen in all age groups. Two of 9 cultures of blood obtained,
from patients aged <5 years were positive for Staphylococcus.
species (probable contaminants). Two cultures of blood ob-
tained from patients who were aged >35 years and had pneu-
monia were positive for Streptococcus pneumoniae. Antibiotics
were prescribed for the majority of patients. All patients sur-
vived, and the mean (median) length of stay was 3.4 (3) days
for patients aged 0-5 years; 3.5 (2) days for patients aged 5-35
years; and 6.0 (6) days for patients aged >335 years.

Changes seen on chest radiographs largely reflected the clin-
ical diagnoses. For patients aged <5 years, abnormalities were
reported in 9 (56%) of 16 patients (infiltrates or pneumonia, 6;
hyperinflation, 2; and atelectasis, 1). Abnormalities were seen:
in 6 (55%) of 11 patients aged between 5 and 35 years (hyper-
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Table 2. Spectrum of clinical illness in hospitalized patients
with “common cold” virus infections.

Age group, years

<5 5-35 >35
Clinical diagnoses’ n=2) (n=15 (n=26)
Asthma 7 14 s
Bronchiolitis 5 — .
Congestive heart fajlure — — 7
Chronic obstructive pulmonary disease — — 7
Croup ’ 1 —_ —
Fever/conjunctivitis [ — -
Otitis media 2 — —
Pneumonia 4 1 8
Possible sepsis 5 — —
Upper respiratory infection 1 — —_

* Can have >l diagnosis.

inflation, 4; and infiltrates, 2), and abnormalities were detected
in 18 (72%) of 25 patients aged >35 years (pneumonia, 7; CHF/
cardiomegaly, 5; emphysematous changes, 4; and pulmonary
nodule, 2).

Discussion

Rhinoviruses and coronaviruses are usually recognized as
causes of upper respiratory illnesses that are mostly benign and
self-limited. However, these “common cold” viruses have also
been associated with illnesses that require hospitalization. In
previous reports, the role of one or both of these viruses has
been evaluated in a select population, on the basis of age or
underlying disease [8-19]. Our study is the first to analyze the
clinical characteristics of patients from all age groups who were
admitted with acute respiratory disease and were infected with
a rhinovirus or coronavirus. We found that the distribution of
presentations varied with the age and underlying disease of the
patient. Only 35% of patients aged <5 years had underlying
chronic pulmonary disease (asthma). In contrast, 93% of pa-
tients aged between 5 and 35 years had asthma, and 73% of
patients aged >35 years had asthma, COPD, or CHF.

Bronchiolitis and pneumonia are the most common clinical
syndromes associated with rhinovirus infection in hospitalized
children aged <5 years [8-16), a finding confirmed by our study.
RSV is the most frequently identified respiratory virus for which
young children are hospitalized for an acute respiratory con-
dition, and in some studies rhinovirus has been the second most
common [10-13]. The clinical presentation of rhinovirus infec-
tion may be similar to that of RSV [15]. In addition, coronavirus
infections have been associated with lower respiratory tract
illness, including pneumonia and bronchiolitis, in children aged
<5 years [19]. There is less information available regarding the
relative importance of coronavirus infections in this age group.
We identified only 2 coronavirus infections in patients aged <5
years, although paired sera were available for only ~20% of
the patients in this age group.

The association of respiratory virus infections with exacer-
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bations of asthma has been recognized for several decades
[25-27]. In the last several years, respiratory virus infections
have been identified in up to 80% of wheezing episodes in
school-aged children and in >50% of wheezing episodes in
adults [17, 28, 29]. Virus-associated exacerbations can be severe
enough to require hospitalization {17, 18], and a correlation
between hospitalizations for asthma and the seasonal preva-
lence of upper respiratory virus infections has been noted, es-
pecially in children. In several studies, rhinovirus 1s the most
common respiratory virus associated with dsthma exacerbar
tions, and coronavirus is the second most frequent {17, 28, 29}
In the current study, the principal reason {or hospitalization of
older children and young adults with a rhinovirus or corona-
virus infection was an asthma exacerbation.

Respiratory virus infections have also been associated with
worsening of other chronic diseases, including cardiopulmonary
disorders such as COPD and CHF [31-34]. Although the pro+
portion of exacerbations of these diseases associated with res-
piratory virus exacerbations has been lower than that seen for
asthma, the burden of these infections is substantially greater in
chronically ill patients than in healthy subjects of a similar age
[33, 34]. In the current study, many of the patients aged >35 years
had underlying lung disease or CHF. In addition, several patienty
were admutted with pneumonia It is unclear whether rhinovirus
can cause pneumonia itself [35, 36]. It has been recovered from
the lower respiratory tract of infected individuals [37, 38}, and
an increase in the number of inflammatory cells in the bronchial
mucosa has been noted after experimental infection of the upper
respiratory tract [39] The possibility that these viruses might be
associated with an increased risk of bacterial ppeumonia, similar
to that described for influenza {40, 41}, is suggested by the iden-
tification of at least 2 pneumonia illnesses in the oldest age group
assoctated with a concomitant S. prewmoniae infection. However,
this study was not designed to delineate such a virus-bacteria.
interaction. -

There are several potential shortcomings of the current study.
Paired sera were available for only a subset of the population;
thus, there is substantial potential for the introduction of a bias.
in identifying the relative importance of coronavirus infections.
in this population. On the other hand, infections with additional

Table 3. Clinical features and medical care requirements for patients
with infections caused by “common cold™ viruses.

Age group, years
Data <5 5-35 >35

Mean (median) duration

of hospitalization, days 3.83(3) 35 60(6)
Admission temperature =38°C 55 27 15
‘Wheezing on admission 45 87 50
ICU/MC care 30 60 23
Supplemental oxygen 25 73 77
Mechanical ventilation 0 7 8
Anubiotics administered 70 40 85

NOTE. Data are percents unless indicated otherwise ICU, intensive care
umt: IMC, intermediate care unit.
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respiratory viruses, such as influenza virus or RSV, may have
been missed in those persons who did not have serologic studies
performed. Another potential shortcoming is that control pop-
ulations were not included in the study; therefore, the frequency
of rhinovirus or coronavirus infections in ambulatory popu-
lations, in populations hospitalized with nonrespiratory con-
ditions, or in asymptomatic populations cannot be determined.
However. in a study for which virologic studies were performed
in the same laboratory during the same periodz <2% of cultures
were positive for any respiratory virus from an asymptomatic
adult and <1% of serologic studies identified a respiratory virus
infection during an asymptomatic period [33]. The use of RT-
PCR assays for rhinovirus and coronavirus has increased the
frequency with which these virus infections were identified,
compared with cell culture or serologic methods in previous
studies of asthmatic patients {17, 28, 29]. Such assays were not
performed in the current study; therefore, the burden of these
infections detected in this study 1s hikely to be a minimal esti-
mate of their infection frequency.

The morbidity associated with rhinovirus and coronavirus
infections, especially in high-risk populations such as patients
with chronic lung disease, suggests that these infections should
be a target for prevention or treatment strategies. The devel-
opment of a conventional vaccine for rhinovirus has been ham-
pered by the existence of >100 different serotypes and by the
lack of protection associated with experimental parenteral vac-
cines [42]. Less is known about the number of coronavirus
serotypes, and no experimental human vaccines have been eval-
uated. IFN-a is an antiviral agent that has been effective in
both experimental rhinovirus and coronavirus infection {4345},
and also has been used effectively as postexposure prophylaxis
for natural colds [46, 47]. The utility of IFN-« in normal healthy
populations has been limited by its local (nasal) toxicity. Only
a single study has evaluated its efficacy for the prevention of
respiratory virus infections and the resulting complications in
patients with chronic lung disease [48]. No beneficial effects of
IFN-o were seen in this population of patients with asthma
and COPD; however, the study had insufficient power to dem-
onstrate an effect caused by the prevention of rhinovirus and
coronavirus infections. Newer antirhinovirus drugs, such as tre-
macamra and pleconaril, have recently been shown to have
beneficial effects in the treatment of experimental rhinovirus
infection [49, 50], which suggests that there may be a role for
these drugs in high-risk populations. Because of the morbidity
associated with rhinovirus and coronavirus infections in high-
risk patients, these groups should be targeted in future evalu-
ations of antiviral chemotherapy strategies.
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SUMMARY We present bacteriological and virological findings together with salient clinical {

infectious gastioenteritis. Putative pathogenic micro-organisms were identified in the stools of
75% of these children. Eight identifiably distinct groups of viruses, found on electron microscopy
and tissue culture were present in 67% of patients—rotavirus was detected most frequently.
Pathogenic bacteria (salmonellas, shigellas, Escherichia coli, and Campylobacter jejuni—but
excluding Clostridium difficile) were found in 16% only. Altogether 4-9% of 390 patients had

gastroenteritis associated with Cl diffictle toxin.

The mean duration of diarrhoea was shortest in patients with identifiable virus, with rotavirus
having a mean of 5-01 days, and was longest in patients with pathogenic bacteria in the stools
(11-14 days). The finding of more than one type of virus did not seem to be associated with a
significantly increased duration of diarrhoea. There are few clinical features which can be
associated specifically with any particular micro-organism or groups of these. Multiple organism
isolation was conunon, but the severity of the illness in those patients with at least two types of
organism was not greater. Certain viruses, including the norwalk-like virus, known to be
associated with outbreaks of gastroenteritis were found as frequently in a group of patients who
did not have diarrhoea studied for comparison. Virus was still detectable in the stools of up lo
40% of asymptomatic children on the day of discharge.

In 1967 a major study by Ironside er al* from this
unit showed that pathogenic organisms could be
identified in only 16% of children aged under 2
years admitted with infectious gastroenteritis. Since
that time there have been major advances in both
virological {mainly electron microscopy and tissue
culture techniques) and bacteriological laboratory
techniques, with the identification of several new
pathogens. It was appropriate, therefore, to carry
out a modern study in the same unit.

Patients and methods

The Regional Infectious Diseases Unit at Monsall
Hospital serves a population of 14 million people
drawn from a mixed racial, industrial and business
population mamly from the north of Greater
Manchester .

Children aged less than 2 years who were admit-
ted with acute diarrhoea (frequent watery or un-
formed offensive stools) with or without vomiting,

848

judged to be caused by primary infectious gastrocn-
teritis were entered into this prospective study over
the 12 month period December 1981 to November
1982. The referring general practitioner was briefly
questioned about the child’s illness, drugs pre-
scribed, and reason for hospital admission. Mother
was interviewed within 24 hours of admission and 2
detailed questionnaire relating to the management
and course of the illness before hospital admission
was completed. Clinical examination of the child
was followed by appropriate treatment and the
child’s status was monitored until discharge, Whe?
he or she was asymptomatic. Assessment of a€
hydration was based on the Medical Research
Council criteria previously described.!

A sample of faeces was obtained on admiss
hospital and again on the day of discharge when
symptom free). Routine phlebotomy was perform¢
for full blood count, serum electrolytes, and ured:
Blood cultures, throat swab, and midstream urint
sample were taken for bactenology.
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;s were routinely cultured for " entero-
Stooenic Escherichia coli, saimonellas, campylo-
athog higeltas, and yersinia; they were examined

s ;
b?{ctirs’copically for ova, cysts, and parasites. The
micre  used for isolation of Clostridium difficile
tcti;l“ getection of toxin has been described
and 2
elsewhere.’

ation of faecal specimens for electron micro-
Prq’amf‘xl;)lmfaecal specli)r;ens were stored at 4°C.
“Opﬁ}y per cent faecal suspensions in faecal trans-
T“;(: medium were centrifuged at 1500 g for 15
minutes at 8°C (clarification spin). Supernatant (2

mi) was transferred to a polycarbonate ultracentr-

fuge tube and spun at 65 000 g for one hour at 8°C.
The supernatant from the ultracentnfuge spin was
tipped off and the pellgt resu§pended in the small
amount of fluid remaining. Viruses were gdsorbed
onto Formvar-carbon coated electron microscope
specimen grids, stained with 3% P’I‘A (pI_{ 6 to 6-5),
and examined at 63 000 magnifications in an AEI
(Kratos) EM801 electron microscope.

Tissue culture technique. A thawed 20% faecal
emulsion (0-1 ml) was inoculated into three cell
Jines: primary baboon kidney (BK), diploid fibro-
blasts (MRC 5), and continuous human epithelial
cells (HEp 2). These were examined twice a week
for evidence of cytopathic effect and were discarded
after two weeks.

For comparison, all other children aged under 2
years and admitted over the same period with
non-gastrointestinal illness had their faeces ex-
amined as above. The most common diagnosis in the
comparison group was that of a respiratory illness—
whooping cough being most frequent.

Statistical analysis. Fisher’s exact test and Student’s ¢
test were used as appropriate.

Results.

The reasons for admission to hospital given by the
referring doctor included: (1) dehydration (11%);
(2) failure of symptoms to settle on home manage-
ment (52%); (3) adverse social factors (20%); (4)
for isolation (12%); and (5) poor general condition
(7%). No specific reason was given in 11% of the
children.

There were 447 hospital admissions (including 21
children with two admissions); the boy:gir ratio was
1-36; and most children were aged under 1 year
(Table 1; Fig. 1). There were 162 children in the
comparison group, most of whom had a respiratory
infection including whooping cough (117). The most
common diagnoses in the remainder were measles,
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Table 1  Prevalence of viruses and bacteria
Gastroenterttis Comparison
group group
No 447 162
Boy-girl 136 1-08
One or more agents® (no (%)) 335 (75) 70 {43)
Two or more agents (no (%)) 127 (28) 4%
Vuuses only (no (%)) 257 (57 5) 70 (43)
Pathogeme bacteria only (no (%) 29 (6'5) 0(0)
Viruses and bacteria (no (%)) 43 (1) 0{»
Clostridium  difficile toxin only (no (%)) 6 [0} 00
Ne agent* (no (%)) 112 (25) 92 (57)
Closvridium difficile isolated {no (%)) 219/447 (49) 78118 (66)
Clostridium  difficile toxm {no (%)) 19/390 (4-9) 3118 (1-8)
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Fig. 1 Age distribution of micro-organisms found in
gastroenteritis patients.

See text for definition of groups.

chickenpox, meningitis, or miscellaneous dermato-
logical disorders.

There was no significant difference between
patients with gastroenteritis and those in the com-
parison group in the delay between stool collection
and laboratory examination—77% of all stool speci-
mens collected were examined at 24 hours after
collection. Seventy five per cent of the children with
gastroenteritis had at least one micro-organism
present in the stool—57-5% had viruses only, 6-5%
had bacteria only, and 10% had both bacteria and
viruses. No patient had parasites. Twenty five per
cent of children had no identifiable pathogenic
bacteria or viruses. CI difficile was present in 49%.
Cl1 difficile toxin was found in 19 of 390 patients
(49%), of whom six had no other bacteria or
viruses. Details of these findings relating to CI
difficile and its toxin are published separately.?
Thirty eight per cent of those children who had
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Entero=cnterovirus
SRVP=small round structureless
virus particles
Norw=norwalk-like virus
Astro=astrovirus
Rota=rotavirus
Adeno=adenovius

Camp= Campylobacter jejunt
E coli=enteropathogenic
Eschenchia coli
Shig=shigellas
Satm=satmonellas
Corona=coronavisus
Calici=calicivirus

pathogenic micro-organisms had at least two con-
currently, and in seven per cent there were at Jeast
three (Table 1, Figs. 2 and 3).

Several morphologically distinctive viruses were
identified, namely: rotavirus, adenovirus, norwalk-
like virus, calicivirus, coronavirus, astrovirus, cul-
turable enterovirus (including echovirus, coxsack-
tevirus, and untypable (through unavailability of
antisera)), and a heterogeneous group including
parvovirus, picornovirus, and some non-culturable
enteroviruses—the ‘small round structureless virus
particles’.>?

Rotavirus was the most commonly identified
organism (153 of 447 patients: 34%); adenovirus
and enterovirus were found in 17-2% and 12-5%
respectively. Astroviruses, norwalk-like viruses,
caliciviruses, coronaviruses, and small round struc-
tureless virus particles collectively were found in
25%. E coli and Campylobacter jejuni were isolated
from 6-9% and 5-1% of patients respectively: apart
from Cl difficile these were the two most common
pathogenic bacteria (Table 2).

Rotavirus, adenovirus, enterovirus, salmonellas,
and shigellas were the five organisms which were
usually found alone. The remainder were found
more often in combination with others, in particular
the small round structureless virus partlc]es astro-
virus, and C jejuni (Fig: 2).

The adenoviruses found in association with gas-
troenteritis were usually identified by electron mic-
roscopy but either failed to grow or proved untyp-
able on tissue culture (55 of the 85 patients). Table 3

Association of micro-organism solates. "Pure’ single isolates shown along the diagonal.
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Fig. 3 Distribution of groups of gastroenteritis patients by
month of admission to hospital.

Sec text for definition of groups.
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Table 2 Micro-organisms found in patients

nsm Gasiroenierins Compartson P
orgt panents with group patients  value
organsm with organism
{no (%)) o (%))
virus® 153 (34) 7(43) <0 0001
R enovirus®” 7 (72 15 (93) <001
Emclo‘“"’sr 56 {12-5) 15 {9-3) NS
Norwalk-ike virus® 16 (3 6) 6337 NS
Cahavirus® 16 (3-6) 0 (0) <001
Coronavirus’ Il (2:5) 2(12) NS
Astrovirus” 16 (3 6) 2(12) NS
Synall round
structureless virus
pasticles™§ “;-9‘ ?9 g 13 g(}); 7 NS
almonellas 4
ghigcllas 92 (2) 0 (0)
Escherichia colt 31 (69 0 ()
Campylobacter jejuri 23 (51 0 (0)
None 112 25) 92 (s7)

+Identified by electron microscopy, "idenufied by tissue culture. *See Table 3
for breakdown, §see text for defimtion.

Table 3 Details of adenoviruses found and assocrated
respiratory infection

Gastroenterins Comparison
patents groug palticnis
No (%) No (%}
Identfied by ussue culture
and typable (group A) 30 (35)° 14 (78)
Idenufied by tissue culture
and untypable (group B) 38 (45)° 2 (1n
Idennfied by electron nucroscopy
alone (group C) 17 (20) 2 (11)
Totat 85 (100) 18 (100)
Assoctated respiratory nfection 14 (16)* 13 (72)}
Serolypes group A type | 5 3
2 16 ]
3 2 0
4 1 0
5 t] 2
6 2 ]
7 0 7
Others 4 2

*20 had adenovirus also seen by clectron microscopy. which may not have
been the same virus as that adenufied by ussue culture

*35 had adenovirus also seen by electron microscopy. which may not have been
the same virus as that 1dentificd by ussue culture

!Significant difference P<0-001

gives details of the adenoviruses found. Thirty were
typable (mainly type 2). This contrasts with findings
in the comparison group where 14 of the 18 were
typable, and these patients had a significantly higher
prevalence of respiratory symptoms (72%) com-
pared with the gastroenteritis patients (16%).

In the comparison group, all organisms were
found significantly less often apart from the
norwalk-like virus, small round structureless virus
particles, coronavirus, astrovirus, and enteroviruses
(Table 2). In none of these patients were pathogenic
bacteria, apart from C! difficile, isolated. C! difficile
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toxin was present in three comparison group
patients.

Patients with gastroenteritis were divided into six
groups, according to the micro-organisms isolated,
thus permitting a comparison of the main clinical
and biochemical features. Group 1 comprised
patients in whom rotavirus was present alone;
group 2, those in whom only any one virus—not
rotavirus—was isolated, expressed as cumulative
singles; group 3, patients in whom two or more
viruses were isolated; group 4, those in whom one
or more bacteria were present, alone or in
combination; group 5, patients with one or more
bacteria plus any one or more viruses in com-
bination; and group 6 comprised patients in whom
no pathogenic bacteria or viruses were present.
Cl difficile was isolated from all six groups. These
findings are summarised in Table 4. Patients
excreting any virus tended to present during the
winter months; those excreting bacteria presented
during the warmer season (Fig. 3).

Diarrhoea persisted longer than vomiting in all
groups. The mean duration was shortest in those
with rotavirus alone (5-01 days) and longest with
bacterial isolates (11-14 days). Viruses other than
rotavirus tended to produce a significantly longer
duration of diarrhoea (7-05 days) but the simul-
taneous finding of at least two different types of
viruses was not associated with longer duration of
diarrhoea (7-23 days). Furthermore, the presence of
virus and bacteria did not seem to alter the duration
of diarrhoeal symptoms (10-81 days) when com-
pared with patients in whom bacteria alone were
found (11-14 days). The non-specific gastroenteritis
group seemed to have less diarrhoea than the
bacteria groups and approximated to that for
viruses, with a mean duration of 6-60) days.

Duration of vomiting in all groups ranged from
2-21 to 3-65 days, viruses tending to have a longer
duration of symptoms than bacteria—these differ-
ences, however, were not significant, apart from the
group with bacteria and viruses in whom the
duration (2-21 days) was significantly less than with
rotavirus alone.

Moderate to severe dehydration occurred in 14%
of patients but acidosis was not a frequent finding.
Hypernatraemia was found in less than one per cent
and in patients excreting virus alone.

Of other associated clinical findings, the preva-
lence of stool mucus was significantly increased in
viruses other than rotaviruses and in the group with
bacteria and virus found together. Macroscopic
blood in the stool was highly significantly increased
in patients with bacteria compared with rotavirus.
Lower respiratory infection occurred in up to 21%
of patients and its prevalence was significantly
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Table 4 Clinical and other features in 447 gastroenteritis patients classified into six major groups by micro-organisms,
showng significant differences from group 1 in which rotavirus was found alone

Group
1 2 3 4 5 6
Roravirus All viruses Combwuanor All bacieria Bacteria Non-specific
alone except rotavirus of viruses and viruses gastroenterius
(curnulative singles)
No 100 87 70 29 43 118
Duration of darrhoea {days)

Mecan (SEM) 501 (0-53) 705 (103) 723 (0-66)° 11 14 (1-35)¢ 10-81 (1-74) 66 (0-58)° .
Duraton of vomiting (days)

Mean (SEM) 353 (037) 365 (08)ns 313 (0:43) ns 2:45 (0-79) s 221 (037 291 (0-3) ns
Mucus present n stools No (%) 13 (13) 21 (25)* 17 (24) ns 11 (38) ns 13 (30)° 24 (20} ns
Blood present m stools. No (%) 3103) 8 (10) ns 1(1) ns 12 (41)} 14 (33) 5 (4) ns
Lower respiratory tract A

infection. No (%) 10 (10) 18 (21) ns (adeno®) 10 (15) ns 4 (14) ns 5(12) ns 18 (IS5} ns
Urea >6 mmo¥! No (%) 17 (17) 10 (12} ns 6 (9) ns 0 (0) 0 (0) 9 (8) ns
White ceM count .

>13%x10°1 No (%) 18 (18) 37 (43 27 (39)} 15 (50) 22 S0y 55 (a7)}
Hospital stay = 7 days No (%) 24 (24) 26 (31) ns 27 (39" 17 (5‘))§ prd (50)‘ 29 (25) ns

P=0-005, PP=0-025; ‘P=0 05, ‘P=00005 (Student’s 1 test).
*P<0 05; 'P<0025. 'P<0 01, *P<0 001 {Tisher's exact test).
ns=no sigmficant difference from group 1

See text for fulier defimtion of groups

increased in patients with adenovirus infections. A
greater proportion of patients with viruses and with
non-specific gastroentenitis had a higher blood urea
concentration compared with those with bacteria.
The proportion of patients with a peripheral white
cell count over 13x10%1 was significantly greater in
all groups compared with the rotavirus group.

The duration of hospital stay was determined
primarily by whether symptoms had settled and not
by continuing faecal excretion of the organism.
Seventy six per cent of patients with rota virus and
75% patients with non-specific gastroenteritis had a
short hospital stay (less than seven days); in those
with at least two viral agents the stay was longer,
and in those with bacteria more than 50% remained
in hospital for over seven days.

There were no other significant differences in the
clinical and biochemical features between the six
groups (Table 5). In particular, the patient’s general
condition was not more severe in those who had at
least two micro-organisms present.

Ten children on admission and a further 20 within
48 hours of this {six per cent in total) required
intravenous fluid replacement for one to two days in
preference to oral rehydration treatment, to correct
dehydration or to overcome persistent or severe
symptoms. Most, including many with moderate to
severe dehydration, were successfully rehydrated
with a standard regimen of sodium chloride and
glucose solution (Dioralyte, Armour Pharma-

ceutical) for 24 hours combined with temporary
food and milk withdrawal, followed by a graduated

Table 5 Incidence of clinical and other features not
showing any significant differences between the rotavirus
group (group 1} and the other groups of patients with
gastroenteritis (groups 2—6)

Feature Qverall incidence {no (%))
Upper respuatory infection 80 (18)
Ouvs media 116 (26)

94 (21) (adenovirus 16%)

Appreciable lymphadenopathy
58 (13) (adenovirus 11%)

Maculopapular rash

Convulsions 5(1
General condition well 290 (65)
Projectile vomiting - 170 (38)

Temperature >38-5°C 36 (8)

Moderate to severe dehydration 64 (14) .
Bicarbonate Z15 mmoll 13 (3) -
Sodium =150 mmo¥/] 5(1)

Total complications 89 (20)

Secondary lactose infolerance 36 (8)

dilutional re-introduction of either normal milk -

feeds or solid diet as appropnate.

Antibiotics were not routinely prescribed for
gastroenteritis in this unit; only 16 patients received
antimicrobial treatment as dictated by their clinical
condition (salmonellas (five); C jejuni (two);
shigellas (four); enteropathogenic E coli (one); Cl
difficile colitis (six)).

There were no deaths during the study period, but
complications were recorded in 85 patients. Five
children had a convulsion before hospital admission;
four of these had a fever in excess of 39-5°C on
admission and this may have been the cause. Non¢
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five children was severely dehydrated or
of these traemic. The associated micro-organisms
hypef“"omvirus (three) and shigella (one). There
ere: T revious disposing central nervous system
re nt?n these patients. One other child sustained a
factors lnvu[sion after admission—he had gastroen-
prief €0 sociated with rotavirus, was severely dehy-
teritis asn admission (sodiumn 164 mmol/l; urea 21
af but made a full and complete recovery.
mmos b e type of intravenous fluid nor the rate of
e'merncnt was felt to have been contributory to
re.P]aCi]d’s convulsion. The more common complica-
this i re temporary secondary lactose intolerance
tions W° in a recrudescence of diarrhoea and
resulﬂ_’i‘g[mg the withdrawal of lactose-containing
“Those patients who ‘_iid not prove to have any
enic micro-organisms in their faeces did not
pathO%O show any significant difference in the time
s;ii“sohd feeding had first been introduced or in the
th

incidence of breast feeding.

Ppiscussion

ecade ago the most commonly isolated micro-
ism in infantile gastroenteritis was the entero-
athogenic £ coli, accounting for 11 to 16% of
P 1 In the wvast majority of children, no
CaS;Sc; ens were isolated (non-specific gastroenter-
pat g()ur study indicates that the incidence of
msglspeciﬁc gastroenteritis is now much less com-
ﬁﬁm, but still accounts for_ a considerable core of
patients. The reason for this changed pattern is the
discovery of several. new pathogens which cause
human diarrhoeal disease. o

Most of the micro-orgamsm; identified were
viruses, among which the rotavirus was the most
common. Individual bacteria made a small overall
contribution; C jejuni is now included among these.

Ad
organ

" The association of Cl difficile toxin with human

diarthoea has only recently been appr§ciated.6 In
this study it was felt to have been the major factor in
19 patients, a frequency comparable with other
established bacterial pathogens. The2 role of CI
difficile is detaileq in another paper. .

It is of some interest that in many instances
the simultaneous presence of more than one agent
occurred in the same patient; l_h!s was most _notable
in the patients excreting € jejunt, E Fo]x, small
round structureless virus particles, ca!xcmrus, z_md
coronavirus. This phenomenon of multiple organism
isolation makes assessment of the contribution of
each micro-organism to the illness difficult. Thqre
was, however, no difference in disease severity
between those who excreted a single organism and
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those with at least two. The occasional reported
finding, therefore, that those patients who have
more than one micro-organism may have more
severe disease’ ® does not seem to be a general
phenomenon.

Numerous studies have established the role of
rotavirus as an important human pathogen but the
role of the newer viruses is uncertain. Viruses
resembling the norwalk agent (norwalk-like
viruses)’ have been previously identified with some
outbreaks of gastroenteritis, usually in older chil-
dren and adults. Their low and equal prevalence in
patients and in the companson group reinforces the
view that it is not an important cause of sporadic
diarthoea among infants. Although coronaviruses®
have also been incriminated previously, their role is
very debatable and this is also supported by our
findings. Nevertheless, they may constitute an im-
portant community reservoir from which outbreaks
may arise, given favourable conditions. On the
contrary, all the caliciviruses and astroviruses,
though smal) in number, were found almost with-
out exception in patients with gastroenteritis,
strengthening the view that they are pathogenic,
These latter two viruses are not usually associated
with such a young age group, however, occurring
more often in older children.’® !

" Thirty patients had culturable and typable adeno-
viruses in their stools, mainly of serotype 2 (group
A, Table 3). Thirty eight patients had non-typable
or poorly growing adenovirus (group B}—they may
not have grown because of their fastidious nature,
insufficient faccal concentration, or unavailability of
specific antisera. Fifty five of these &8 patients
(groups A and B) had adenovirus identifiable by
electron microscopy as well, but it is uncertain
whether the adenovirus seen by electron microscopy
was the same as the one cultured. In the remaining
17 patients (group C) adenovirus was not culturable
but was detected by electron microscopy alone. In
contrast, most adenoviruses found in comparison
group patients grew and were typable—mainly
serotype 7. The relevance of these findings is not
entirely clear but it is likely that adenoviruses found
mm group C were responsible for gastroenteritis,
those in group B are more dubious, and those in
group A unlikely. Our findings support the work of
others 1 who argue that the adenoviruses associ-
ated with primary gastroenteritis are distinct from
those associated with primary extragastrointestinal
illness. There may well be other adenoviruses
responsible for gastroenteritis which, owing to their
fastidious nature, fail to grow under our tissue
culture conditions, and these remain unrecognised.

A large proportion of children were discharged

asymptomatic as convalescent excretors. This may
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be of public concern and is at vanance with the
findings of others, who report a much lower
percentage of children still excreting virus at this
stage of convalescence.™

Overall, the chnical features indicate that gas-
troenteritis in this age group is nowadays a relatively
bemgn self-limiting illness associated with a short
stay in hospital and few complications. Apart from
one child, convulsions occurred before admission; in
only one child did there seem to be the precipitating
factor of hypernatraemia. This is in striking contrast
to the situation described a decade ago from this
unit, when hypernatraemic dehydration associated
with cerebral disturbance and related to high solute
milk feeds and concentrated glucose drinks was
common and carried an appreciable mortality.' °
This important aspect of management is discussed in
detail elsewhere.!®

The presence of macroscopic blood in the stools, a
normal plasma urea concentration, a bpen'pheral
white cell count greater than 13x10°1, longer
duration of diarrhoeal symptoms, and a longer stay
in hospital all tend to suggest a bactenial rather than
a viral aetiology for the gastroenteritis. This is not
absolute, however, and there were no specific or
characteristic clinical, biochemical, or baemato-
logical features in any particular group to indicate
unequivocally a particular agent. Thus, for example,
the widely held view that adenovirus infections are
suggested by the presence of lymphadenopathy and
a maculopapular rash secems untenable from our
findings (Table 5). Also, our results indicate that it
is not possible to make an emphatic diagnosis of
rotavirus diarrhoea or rotavirus syndrome on clini-
cal findings alone,!’ since upper and lower respira-
tory infection and otitis media were not found more
commonly in those subsequently shown to have
faecal rotavirus.

The group with gastroenteritis in whom no organ-
isms were identified merits particular comment.
This group was not associated with a higher inci-
dence of extragastrointestinal features (otitis media,
urinary infections etc) so that a ‘parenteral’ aeti-
ology is unlikely, there was no increased prevalence
of antibiotic usage in this group (16%) compared
with the other groups (9 to 24%), and there was
no increased delay in stool analysis excluding viro-
logical ‘fall off’. Recent change in bowel flora
precipitated by recent alterations in feeding sched-
ules (*weanling diarthoea’) or a change from breast
to bottle feeding were no more common in this
group—hence acute alterations in bowel flora were
unlikely to be the cause. On the other hand, the
seasonal and age distribution together with the
broadly similar clinical features of these patients
compared with those who had an identifiable viral

agent suggests a viral aetiology. It may be that some
of these patients were ‘missed’ cases of rotavirus,
adenovirus, or other viral gastroenteritis since elec-
tron microscopy is relatively insensitive’ and ex-
isting tissue culture techniques may not identify
some viruses, notably the enteric adenoviruses.
Electron microscopy, however, is the only ‘catch all’
method currently available for the identification of
viral assoctated gastroenteritis. The possibility is
that some other agent, as yet undiscovered, was
responsible.

We gratefully thank Dr K Whale, Consultant Microbiologist for
her help with the bacteriological cultures; Dr M Addison,
Consultant Pathologist for help with biochermstry measurements;
Mr A Mokowski, Senior Research Officer for expert statistical
analysis; and Sisters Coyle, Focbrook, and Thompson ang nursing
staff at Monsall Hospital for therr invaluable assistance.
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Subgenus identification of adenoviruses is of clinical importance and is as informative as identification by
serotype in most clinical situations. A PCR-based identification of adenovirus subgenera A, B, C, D, E, and F
and sometimes serotypes is described. The PCR uses nonnested primer pair ADRJC1-ADRJC2, which targets
a highly conserved region of the adenovirus hexon gene, has a sensitivity of 10 to 40 copies of adenovirus type
2 (Ad2) DNA, and generates 140-bp PCR products from adenovirus serotypes representative of all the
subgroups. The PCR products of all subgroups can be differentiated on the basis of the restriction fragment
patterns produced by a total of five restriction endonucleases. In addition, serotypes Ad40 and Ad41 (subgroup
F) and important serotypes of subgroup D (Ad8, Ad10, Ad19, and Ad37) can easily be differentiated, but
serotypes within subgroups B and C cannot. The method was assessed by blind subgenus identification of 56
miscellaneous clinical isolates of adenoviruses. The identities of these isolates at the subgenus level by the PCR
correlated 91% (51 of 56) with the results of serotyping by the neutralization test, and 9% (5 of 56) of clinical

isolates produced discordant results.

Adenoviruses are double-stranded DNA viruses that are
conventionally classified according to serotype (1 to 49) and
subgenus (A to F) based upon sodium dodecy] sulfate-polyac-
rylamide gel electrophoresis of virion polypeptides and restric-
tion endonuclease (RE) analysis of the whole genome (40).
Identification of these subgroups or serotypes can be of both
clinical and epidemiological importance (21). Serotypes of sub-
genus A are isolated almost exclusively from the gastrointes-
tinal tract (34). Adenoviruses of subgroup B, such as adenovi-
rus type 3 (Ad3) and Ad7, and subgroup C (Adl, Ad2, and
Ad5) are common causes of respiratory tract infections (34,
39). Infections with these serotypes may persist asymptomati-
cally for years in children, with the virus being shed continu-
ously in the feces for many months after initial infection and
intermittently for years thereafter (15). Certain members of
subgroup D (Ad8, Ad19, and Ad37) cause outbreaks of con-
junctivitis, and rapid identification of these serotypes can help
in prevention and control (14). Subgroup E has one member,
Ad4, which can cause either respiratory or eye infection, but a
genotype variant of Ad4 (Ad4a) has been associated with out-
breaks of conjunctivitis (39). Infantile gastroenteritis is caused
by Ad40 and Ad41 (subgenus F) (5). In addition, fatal infec-
tions due to certain serotypes, such as those of subgroup B,
have been reported (26, 34, 43).

Identification of adenovirus subgroups or serotypes can be
achieved, with different degrees of efficiency, by serotype-spe-
cific neutralization tests (NTs) (16), RE analysis of DNA ex-
tracted from infected cells (40), and, more rarely nowadays,
the hemagglutination inhibition test. The results of these meth-
ods, although of epidemiological value, are often of limited
clinical usefulness. Up to 30 days may be required for complete
characterization following the initial isolation of adenovirus in
cell culture, which may itself require 30 days or more. In
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addition, certain adenoviruses such as Ad8, Ad40, and Ad41
are fastidious, with slow and inefficient growth in cell culture
(13, 41). Alternative identification methods have therefore
been developed and include the use of serotype-specific mono-
clonal antibodies (1, 42), detection of subgenus-specific anti-
bodies (4), and PCR-based identification protocols (2, 4, 5, 18,
21, 28, 29, 30, 33). In this paper, we describe the developmént
of a simplified, rapid PCR-based method for the identification
of human adenoviruses at the subgenus level and, in some
cases, the serotype level.

MATERIALS AND METHODS

Extraction of DNA from virus isolates. Clinical isolates of Ad types 1t012,14,
16,19, 21,31, 37, 40, and 41 typed by NT assay, RE analysis, or type-specific PCR
(6, 20) were obtained from the Clinical Virology Laboratory, Manchester Reéyal
Infirmary, Manchester, United Kingdom. DNA was extracted by the guani-
dinium thiocyanate (GuSCN) procedure described previously (7). Briefly, 200 ul
of lysis buffer (4 M GuSCN, 0.5% N-lauroyl sarcosine, 1 mM dithiothreitol, 25
mM sodium citrate, 20 pg of glycogen) was mixed with 50 pl of infected cell
culture fluid {or sterile distilled water for an extraction-negative control), andjthe
mixture was incubated at room temperature for 10 min, followed by additiop of
25 pl of 3 M sodium acetate. The DNA was precipitated with 250 pl of ice-¢old
isopropanol, and the mixture was centrifuged at 12,000 X g for 10 min. The
supernatant was discarded, and 500 pl of cold 70% ethanol was added, followed
by centrifugation at 12,000 X g for 10 min. Ethanol was gently aspirated, andjthe
pellet was dried in air before it was dissolved in 50 pl of Tris-EDTA buffer,

PCR. Under strict laboratory practice to avoid cross-contamination and ¢ar-
ryover (23), the primer pair ADRJC1-ADRJIC2 was used to amplify a 140-bp
PCR product as described previously (11). The reaction mixture contained 10
mM Tris-HCl (pH 8.3), 1.5 mM MgCl,, 50 mM KCl, 0 01% (wt/vol) gelatin, 1.25
U of Amplitaq DNA polymerase (Perkin-Elmer Ltd., Warrington, United King-
dom), each deoxynucleoside triphosphate at a concentration of 200 uM, 0.2 uM
each primer, and 5 pl of appropriate DNA sample or sterile distilled water as a
contamination control in a total volume of 50 pl. The reaction was overlaid with
2 drops of mineral oil to prevent evaporation. Amplification was performed on
a PHC-1 thermal cycler (Techne Ltd., Cambridge, England) by using one cycle
of 94°C for 7 min, 55°C for 1 min, and 72°C for 1.5 min, followed by 40 cytles
each of 94°C for 1 min, 55°C for 1 min, and 72°C for 1.5 min. The PCR prodiicts
were analyzed with 8% polyacrylamide gels.

RE analysis of PCR products. The 140-bp PCR products generated fiom
clinical isolates were digested with the REs Tagl, Awll, and Aatll (all f‘iom
Roche Diagnostics Ltd., Lewes, United Kingdom) and BseRI and Mnil (Hoth
from New England BioLabs Incorporated, Hitchin, United Kingdom). In a tP!aI
volume of 20 pl, all reaction mixtures were prepared as recommended by, the
manufacturers, and those with REs Tagl, Avll, and 4atll were incubated for3h
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al the appropriate temperature and those with REs Mnll and BseR] were incu-
bated overnight at the appropnate temperature.

Construction of plasmids and DNA sequencing. PCR products from Ad2,
AdS, Ad19, and Ad37 were cloned into the PCR-TOPO vector with the TOPO
TA cloning kit (Invitrogen BV, Leek, The Netherlands) as described by the
manufacturer. Recombinant plasmids were punfied by the QIAGEN Plasmid
Purification Maxi kit (QIAGEN Ltd., West Sussex, United Kingdom}) and were
sequenced by using the ABI Prism BigDye terminator cycle sequencing ready
reaction kit (Perkin-Elmer Ltd.) and an automated sequencer (ABI 377; Perkin-
Elmer Ltd ). The nucleotide sequences obtained were aligned with sequences in
the databases of the National Center for Biotechnology Information by using the
Basic Local Alignment Search Tool family of programs, and RE analysis was
performed with the software WebCutter, version 2 0.

Nucleotide sequence accession numbers. The nucleotide sequence accession
numbers for all the sequences referred to in this paper are given in Fig. 1.

RESULTS

Sensitivities and specificities of primers. The primer pair
ADRJC1-ADRIJC?2 has a detection limit of 10 to 40 copies of
Ad2 DNA. The sequences of the upstream primer (ADRJIC1)
and the downstream primer (ADRJC2) were derived from the
highly conserved DNA region which codes for the carboxy end
of the monomeric protein II that forms the trimeric
pseudohexagonal base of the adenovirus hexon. Both primers
contain a maximum of two deliberately introduced mismatches
compared with the sequences of the hexon genes of Ad2, Ad3,
Ad4, Ad5, Ad7, and Ad16 and a maximum of four mismatches
compared with the sequences of the hexon genes of the other
serotypes. These mismatches did not involve the 3’ termini of
the primers, and the specificity of the test for the detection of
representative serotypes from all subgroups was not jeopar-
dized (11).

Comparison of PCR product nucleotide sequences. The
140-bp nucleotide sequences obtained in this study (Ad2, AdS,
Ad10, Ad19, and Ad37) were aligned with published human
adenovirus nucleotide sequences (Fig. 1). Except for Ad1 and
Ad18, which showed two and three deletions, respectively, and
Ad9, Ad19, and Ad37, for which only partial sequences have
been published, all the sequences analyzed were 140 bp in
length. Compared with the nucleotide sequence of Ad8 deter-
mined in this study, all the sequences demonstrated subgroup-
specific patterns and sometimes patterns unique for a serotype.

Construction of identification scheme for adenovirus sub-
groups A to E. RE analysis of the nucleotide sequences of the
different adenovirus serotypes demonstrated a total of five REs
(Mnll, Taql, BseRl, Aatll, and Faul) that were found to be
discriminatory, resulting in either subgenus- or sometimes sub-
type-specific DNA restriction patterns. Based on these pat-
terns, an identification scheme was designed (Fig. 2). The
enzyme Mnll divides the analyzed adenovirus sequences into
three clusters: subgroup D, subgroups A and C, and subgroups
B and E.

In the first cluster (subgroup D), two patterns of restriction
profiles are expected from the sequence information. The first
pattern (6, 41, 43, and 50 bp) is possible with all serotypes
analyzed (Ad types 8, 10, 19, 37, 17, 28 and 48), but in our
experience the pattern was found only with Ad8. The second
profile (6, 41, 46, and 47 bp) can be generated only with Ad
types 10, 19, 37, 17, 28, and 48 but not Ad8 and is the one that
we observed in practice. Further characterization of these se-
rotypes is possible with a maximum of two REs. Tagl differ-
entiates Ad8 and Ad10 from Ad types 19, 37, 17, 28, and 48,
and BseRI differentiates Ad8 from Ad10.

In the second cluster, Mnll produces an identical restriction
pattern (6 and 134 bp) with serotypes from both subgroups A
and C. The two subgroups could then be easily differentiated
on the basis of the restriction DNA patterns produced by Tagl.
In the third cluster (subgroups B and E), Mnll produces iden-
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tical DNA restriction patterns (bands of 6, 41, and 93 bp), but
Aatll provides distinguishable restriction profiles (it produces
bands of 69 and 71 bp with subgroup E but does not cut
subgroup B).

A total of 33 adenovirus clinical isolates in cell cutture fluid
were tested by PCR and were identified by following the
scheme shown in Fig. 2. The DNA restriction profiles obtained
were in complete agreement with the expected patterns.

Blind evaluation of identification scheme. There can be con-
siderable genetic variability among adenoviruses that have the
same antigenic determinants (39). A total of 56 clinical isolates
of adenovirus subgroups A to E were amplified, and PCR
products were blindly identified by subgenus or sometimes
serotype (Fig. 3). Table 1 summarizes the results obtained and
their correlation with the results of the NT test and RE anal-
ysis. Fifty-one isolates (91%) were correctly assigned to their
appropriate subgroup. Those of subgroup A were identified as
Ad12 or Ad31; three isolates had been typed by the NT test
as type 12 and the remaining two isolates had been typed as
Ad31. Among the isolates in subgroup D, based on the as-
sumption that only Ad8, Ad10, Ad19, and Ad37 are included in
the blind testing, all 16 isolates were correctly identified, in-
cluding those of epidemic serotypes Ad8, Ad19, and Ad37.

Discordant results were found for five isolates (9%). Of
these, two were identified as Ad10, but one had been typed as
Ad7 (subgroup B) and the other had been typed as Ad9 (sub-
group D) by NT, and two isolates were identified as subgroup
C, but one had been typed as Ad31 (subgroup A) and the other
had been typed as Ad14 (subgroup B) by NT. The last isolate
had also been characterized by RE analysis of the whole ge:
nome as Ad34 or Ad35 (subgroup B). The fifth isolate was
typed as Ad4a, which is in contrast to the result of Ad5 (sub-
group C) by NT and that of Ad2 (subgroup C) by RE analysis.

Identification of adenovirus subgroup F. Differentiation of
Ad40 and Ad41 (subgroup F) from serotypes of other subgenr
era in fecal specimens from patients with adenoviral gastroen-
teritis is of substantial clinical value. Nucleotide sequence anal
ysis of adenovirus subgroup F (Fig. 1) revealed the possibility
of including this subgroup in the identification scheme. The
nucleotide sequence TGCGCA, located in the upstream
primer ADRJC?2 at positions 119 to 124, represents a cut sité
for the enzyme Avill and thus would be shared by all serotypes.
However, the same recognition sequence is repeated in Ad4D
and Ad41 at positions 74 to 79. This cut site is not present in
the analyzed sequences of the other subgroups, leading to a
restriction pattern of bands of 19, 45, and 76 bp for Ad40 and
Ad41 and bands of 19 and 121 bp for the serotypes from the
other subgroups. In addition, Ad40 and Ad41 could be diffef-
entiated by Tagl, which produces a DNA restriction pattern
with a band of 36 bp and two bands of 39 bp for Ad40 and
bands of 36, 39, and 48 bp for Ad41. Evaluation of 8 clinical
isolates of subgroup F and 12 isolates of other subgroups (A to
E) by RE analysis produced patterns that agreed 100% with
the expected RE patterns (Fig. 4).

DISCUSSION

Preliminary evaluation of the identification protocol de-
scribed in this study involved testing of adenovirus serotypes
that belong to the different subgroups. In all cases, the pre-
dicted restriction patterns were observed on gel electrophore-
sis. The predicted smaller fragments of 6, 9 and 11 bp could net
be observed, and fragments with similar sizes (71 and 69 bp
with Aatll for subgroup E and 41 and 43 bp or 46 and 47 hp
with Mnll for subgroup D) comigrated on the gel, appearing &s
a single band. These fragments could not be visnalized or
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AdIB[Y17249)30) C. . . . . . . . . .. T, .T...G. . T.G. .. . . v i ac CA. T..T.......... . e e A G A
Ad3] [Y17253])(30) A. . T T. .G..T.G GC.CA. T..T A . S A, ... T A G
Subgroup B
Ad3 [X76549)32) . . . . . O ¢ T ... ... T Cc L .
Ad7 [X765513(31) . . . . ... ... .. G. T ....... T C LG A e e e
Ad7[ZA8571}(25) . . . . . ... G. .T........ T c..... C.o e .
Ad7 [AFO53086] . . . . ... . ... G. T........ T c..... G e e e S
Ad7a [AF065067) . . . . . ... .. .. G..T........ T..C..... G e e e 2
Ad16 [X74662)(32) . . . . . . . . . ... G..T.C T .C. G e e Al o e
Subgroup E
Ad4[X84646)(32) . . . . . ... ... T. C...G G e c.. ... C...C.. ... i C. .. o S
Ad4 (M16692)(19) . . . . T. .. .. .. T..C...GQ G . C. C..... ... C...C. ... i C.. o oo T, ...... ..
Subgroup F
Ad40 [X51782)(38) . . . . . . . .. A..T. . C...G. ...G..C.............. T. . GC. CA. C. .. e e e e e
Ad41 {X51783)37) . . . . . . ... A..T . T...G..T.G. ... .. ... .. ... cC..GCc.CA. C........ C.o e

FIG. 1. Alignment of the nucleotide sequences of the 140-bp PCR products from different adenovirus serotypes. The nucleotide sequences determined in this study are underlined. The sequence accession numbers
of all the serotypes are shown in brackets. The nucleotide sequence shown for ADRJC2 represents that of the complementary strand. N, undetermined sequence; ~, gaps introduced for alignment of Ad1 and Ad18; periods,
identical nucleotides
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PCR product
140 bp
Mr'le
Subgroup D Subgroup B
AdB Asgtl’ff?;pﬁ Ad3, 7, 11, 14
(6, 41, 43, 50)bp” or ! or .
Ad10, 17, 19, 28, 37, 48 Subgroup € S:l;ﬁr:uga

211 19,28, 2, Adl, 2,56 >

(6, 41, 46, 4T)bp (6, 134)bp (6,41,93)bp
Taql Taql Aam
l l I ' Subgroup E Subgroup B
Ad8, 10 Ad17. 19,28, 37. 48 Af;p' i Adl%,’, i
(6,11 36, 39, 48)bp (6, 9, 11, 36, 39, 39)bp szjg]rzouglA s:t;gzmslp 6(: (69, 71)bp 140 bp
BseRl Faul® (6, 11,48, 75)bp (6, 11, 36, 87)bp T\’i/q I
AdS Ad18° AdY°
140 bp Ad17.19,28.48 (6, 11, 36, 36, 48)bp (6, 11, 36, 85)bp
140 bp
Addp Adda
Adl0 Ad3? (6,9,11,39, 75)bp (6, 9, 11, 36, 39, 39)bp

(31, 109)bp (49, 91)bp

FIG. 2. Subgenus identification scheme for adenoviruses. PCR products are first treated with Mril for differentiation into subgroup D, subgroups A and C, pr

subgroups B and E. Tagl discriminates between subgroups A and C, and Aa:ll differentiates subgroup B from subgroup E. The enzyme Tagl also differentiates Ad8
and Ad10 from the remaining serotypes of subgroup D analyzed. In subgroup E, Tagl produces distinctive patterns for Ad4p and Ad4a. The enzyme BseRI cuts ll
the analyzed isolates of subgroup D except those of Ad8. The sizes of the DNA fragments generated are given in parentheses. ¢, Ad10, Ad17, Ad19, Ad28, Ad37, apd
Ad48 could share this restriction pattern with Ad8 on the basis of RE sequence analysis, but in practice it does not appear to be favored, 2, based on RE sequenke

analysis only (Faul is not commercially available); ©, sequence analysis (Fig. 1) shows PCR products of 138 bp (Ad1) and 137 bp (Ad18).

separated even when a high percentage of polyacrylamide (up
to 15%) was used. Smaller fragments may have been dena-
tured into single-stranded DNA, which does not bind to
ethidium bromide as efficiently as double-stranded DNA. Al-
ternative procedures such as silver staining, which has been
shown to be more sensitive than ethidium bromide in visual-
izing smaller fragments (9), were not applied in this study. As
the small fragments were shared between the subgroups of
concern and were mostly generated from cut sites located in
primer ADRICI, they would have no value in identification. In
addition, exclusion of attempts to resolve these fragments led
to simplified restriction patterns and shorter electrophoresis
times, as visnalization of smaller fragments may require a
higher percentage of polyacrylamide and, thus, longer electro-
phoresis times for complete separation.

The accuracy and the reproducibility of the test were con-
firmed by blind evaluation of 56 clinical isolates that had been
typed by NT and/or RE analysis of DNA extracted from in-
fected cells. For all but five isolates the test results were in
agreement with those of the NT assay (91%) [51 of 56]). This
value is similar to that obtained by the study of Kidd et al. (21),
in which a PCR-based identification method correlated 91.5%
with the results of serotyping by NT. This discordance may be
due to misidentification by NT or RE analysis, although the
possibility cannot be excluded that the RE profiles of the
targeted conserved regions of other adenovirus strains do not
match the RE profiles demonstrated in this study and that
intermediate strains may be encountered (3, 8, 17, 27).

The protocol developed in this study showed a reliable dis-
criminatory power for adenovirus subgenera and sometimes

for adenovirus serotypes and even genotypes. The important
epidemic keratoconjunctivitis-causing serotypes of subgroup D
(Ad8, Ad19, and Ad37), both serotypes of subgroup F (Ad40
and Ad41), and the genotypes of Ad4 (Ad4p and Ad4a) we{:
easily differentiated, but none of the serotypes within su
groups B or C could be distinguished by this method. Never-
theless, identification of most adenoviruses to the sero
level is often no more useful to the clinician than identification
to the subgenus level (21).

Although in our previous study (11) the primer pair
ADRIC1-ADRIC2 failed to amplify DNA from Ad40 apd
Ad41, reevaluation of these primers led to successful amplifi-
cation of the 140-bp PCR product from clinical isolates jof
Ad40 and Ad41, and analysis of the published nucleotide se-
quences of these serotypes revealed that they could be easily
distinguished from other serotypes. Thus, for characterizatipbn
of adenoviruses in fecal samples, the identification scheme
could be modified to start first with the enzyme Avill, which
places subgroup F in one cluster and the other subgroups (Ajto
E) in another. Characterization of subgroups A to E could
then follow by using the scheme in Fig. 2, and typing of Ad40
and Ad41 could be achieved with Tagql.

Several studies have used PCR-based identification systems
for subgrouping or subtyping of adenoviruses. Kidd et al. (31)
described a PCR-based subgenus identification protocol with
primers which bind to regions that flank virus-associated RNA-
encoding regions of the adenovirus genome, but the syst¢ém
does not differentiate between adenovirus serotypes of clini¢al
importance, such as Ad8. In the study of Saitoh-Inagawa et al.
(33), 14 strains from subgroups A to F were differentiated with
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(A) Mnll restriction patterns

140 bp
134 bp

46 and 47 bp
41 bp

(B) Tagl restriction patterns

scheme and were separated on 8% polyacrylamide gels. The restriction patterns shown are consistent with Ad8 for isolates 5, 9, and 11, Ad10 for isolate 1, Ad

FIG. 3. Blind evaluation of 11 clinical isolates. PCR products were treated with Mnil (A), Tugl (B and E), AarIl (C), and BseRI (D) by following the idemiﬁc}ion
1
Ad37 for isolate 4, Ad4a for isolates 6 and 10, subgroup C for isolates 2, 3, and 8, and subgroup B for isolate 7. Lanes M, 10-bp DNA ladder; lanes U, uncut PCR pr

(140 bp).

a combination of three REs. However, the procedure requires
the use of nested primers. Other approaches with PCR-based
identification protocols used serotype-specific primers that tar-
get serotype-specific regions in the hypervariable or variable
domains (2, 28, 29) or that rely on the sequencing of serotype-

, 50 bp
41 and 43 bp

(C) Aal restriction patterns

Wi4 692nd 71 bp

39 bp
36 bp

or
uct

specific regions (24, 36). Whereas the former approach is
prone to possible PCR failure due to variation in the genetic
makeup of the target region between strains of the same se-
rotype, the latter can be cumbersome and requires expensive
instrumentation.
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TABLE 1. Blind evaluation of the PCR-based identification scheme

Identity by:
PCR-based identification scheme Virus neutralization iI:ocl);nc::i
Subgenus Serotype Subgenus Serotype
Concordant results
A 12 or 31 A 12 3
12 or 31 31 2
B NA* B 3 7
7 6
11 2
16 1
21 3
C NA C 2 2
2
D 8 D 8 7
i0 i0 6
19 or 37 37 3
E 4a E 4 7
Discordant results
C . NA A 31 1
B 14° 1
D 10 D 9 1
10 B 7 1
E 4a C 54 1
Total 56

2 NA, not applicable.

? PCR-based identification is based on the assumption that only Ad8, Ad10,
Ad19, and Ad37 are included in the blind testing.

< The isolate was typed as Ad34 or Ad35 by RE analysis of the whole genome.

4 The isolate was identified as Ad2 by RE analysis of the whole genome.

The PCR-based identification method described here has its
own inherent disadvantages. Although most of the REs used
were chosen so that their discriminatory power is based on the
appearance of different restriction fragments, one enzyme,
BseR1, differentiates between Ad8 and Ad10 because it cuts
the latter but does not cut the former. This is also true for
Aat1l, which cuts adenoviruses of subgroup E but not those of
subgroup B. In such cases, it is difficult to control whether
negative results (uncut 140-bp band) indicate the expected
adenovirus or merely the failure of the enzyme to cut the PCR
product. For BseRlI, an additional confirmation is that Ad8 can
be differentiated from Ad10 on the basis of RE analysis with
Mnll. Unfortunately, in the case of RE analysis with Aarll for
differentiation of subgroup B and E, no other enzyme can be
used to control for its activity. Incomplete cutting by the REs
can also cause difficulties. This was most commonly encoun-
tered with BseRI and MnlI, but the problem was readily over-
come by extending the incubation from 3 h to overnight.

The identification scheme used in the present study appears
to be sensitive and simple. The PCR has a detection limit of 10
to 40 copies and is inclusive of all the serotypes tested in this
study. The test can be applied to clinical samples, and with a
maximum of four restriction enzymes, complete subgenus
identification can be achieved within 24 h. For eye swab spec-
imens, only one enzyme (Mnll) is required to exclude or in-
clude adenoviruses of subgroup D. With the same enzyme it is
possible to include or exclude Ad8. In addition, the test has
advantages beyond adenovirus subgenus determination, which
should also make it useful for epidemiological surveys. With
the exception of subgenera E and F and possibly subgenus D,
the subgenus identification of an adenovirus isolate can facil-
itate serotype identification by NT or serotype-specific PCR.

J. CLIN. MICROBIOL.

101112 UM

k2 3

MU1234 56789

FIG. 4. Differentiation and typing of adenovirus subgroup F. PCR products
from representative clinical isolates of subgroups A to F were treated with the
enzyme Awvill (Ad types 8, 10, 2, 5,3, 7, 11, 14, 21, 4p, 4a, and 31 [lanes 1 10 12,
respectively]) (A) and Ad40 and Ad41 (B). (C) Tagl DNA restriction patterns
for subgroup F (lanes 1 to 5 and 7, Ad41; lanes 6 and 8, Ad40). Lanes M, 10-bp
DNA ladder; lanes U, uncut 140-bp PCR product.

Once the subgroup is identified, serotyping or serotype confir
mation can be achieved with a minimum number of neutraliz-
ing antisera or by type-specific PCRs. The latter can be com-
bined to include primers for ali the serotypes of a subgroup
(subgroup-specific multiplex PCR).
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Comparative Inactivation of Viruses by Chlorine

RICHARD S ENGELBRECHT " MICHAEL J. WEBER,” BRENDA L. SALTER/
anp CARLA A SCHEMIDT’

Depaw tments of Crd Engineering' and Microbiology,’ Unwersity of Hlinois at Urbana-Champaign,
Urbana, Ihnos 61801

The kineties of inactivation of six enteric viruses plus simian virus 40 and
Kilham rat virus by free available chlorine was studied under carefully controlled
laboratory conditions. It was found that the different virus types demonstrated a
wide range of susceptibility to chlorine disinfection. The rate of inactivation was
greater at pH 6 than at pH 10; however, the relative susceptibilities of the
different viruses were affected differently by a change in pH, suggesting that the
pH influenced both the species of chlorine present and the susceptibility of the
different viruses to chlorine. The presence of potassium chloride also affected the

susceptibility of viruses to chlorine.

1t was common pracfice in the early studies
on the virucidal action of chlorine to compare
results with those achieved with Escherichia
coli. For example, 1n what was perhaps the first
well-defined study, Clark and Kabler (1) found
purified coxsackievirus type A2 (coxsackie A2)
to be quite resistant to free available chlorine in
that the amount required to inactivate the virus
was between 7 and 46 times that necessary to
kill E. coli. In a subsequent study, it was ob-
served that adenovirus type 3 and E. coli dem-
onstrated about the same degree of susceptibil-
ity to free chlorine (2).

In 1958, Weidenkopf (6) reported that 99%
inactivation of poliovirus type 1 (polio 1) was
achieved with 0.1 mg of free chlorine per liter in
10 min at pH 6 and 0°C. For the same degree of
inactivation, mcreasing the pB to 7 increased
the reaction time by approximately 50%. Both
Weidenkopf (6) and Clark et al. (2) indicated
that an increase in pH from 7 to 8.8 or 9 in-
creased the inactivation time for viruses about
sixfold. Considering the fact that the ratio of
hypochlorous acid {(HOCI to hypochlorite ion
(OCI) is a function of pH, these results indicate
that HOCI is more éffective in inactivating vi-
ruses than OCI™. However, an investigation re-
ported by Scarpino et al. (4) showed that the
OCI” ion was more effective than HOCI in in-
activating polio 1. In fact, OCl™ was seven times
more effective than HOCL This observation was
contrary to the findings of others (2, 6) and to
the generally accepted understanding of chlorine
disinfection. It was indicated by Scarpino et al.
(4) that the borate-KCl-NaQH bulfer used in
their study may have caused the unusual HOCl-
OCI” effect.

Of the other studies on the inactivation of
viruses by chlorine reported in the literature,

the detailed investigation performed by Liu et
al. (3) is particularly noteworthy. In discussing
inactivation of viruses by chlorine, the authors
point out that, of the studies performed isince
1950, only about nine enteric viruses have/been
tested for their response to chlorine, whereas
over 100 enteric viruses have been described.
Considering all the available data, they' con-
cluded that there was sufficient evidence to in-
dicate that a range of differences in resistance to
chlorine existed among the viruses examhined.
Except for adenovirus type 3, most viruses tested
have shown a resistance to chiorine abdut 10
times greater than that of the enteric bacteria.
With this background, Liu and his co-workers
examined 20 strains of human enteric vi s for
their response to free chlorine. The expi:ﬁents
were performed by adding individual viryses to
Pétomac River water which was partially
treated by coagulation with alum and filtration
through sand. Chlorine was added at one dosage,
0.5 mg/liter, to water having a pH of 718 and
stored at 2°C. Samples for viral assay were with-
drawn with time, corresponding to differe{t con-

tact times. To illustrate the wide range off resist-
‘ance to chlorine of the viruses studied, the au-
thors point out that the most susceptil'!)le was
reovirus type 1, which required 2.7 min|for in-
activating 4 logs (99.99%) of the virus with 0.5
mg of free chlorine per liter. The most resistant
was polio 2, which required 40 min for the same
degree of mactivation. It would appear that this
conclusion is based on extrapolating the experi-
mental data by using first-order kinetics| On the
other hand, using actual experimental data, the
most resistant virus would seem to be eqhovirus
type 12 (echo 12), which required a contact time
of greater than 60 min for 99.99% inactivation.

Liu et al. (3) concluded from their extrapolated
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values that, ‘‘as groups, the reoviruses are defi-
nitely the least resistant to chlorine treatment;
both adenoviruses and echoviruses are relatively
less resistant; and the polioviruses and coxsack-
jeviruses are the most resistant.”

Because of the unusual results reported by
Scarpino et al. (4) and the significance of the
data presented by Liu et al. (3}, coupled with the
importance associated with the question of vi-
ruses in public water supplies, a research study
was undertaken to confirm their observations
and, at the same time, to obtain additional in-
formation on the inactivation of viruses by chlo-
rine. Specifically, this study examined the effect
of virus type, pH, and potassium chloride on the
kinetics of virus inactivation by free available
chlorine.

MATERIALS AND METHODS

Preparation and purification of stock viruses.
Five of the picornaviruses used in this study, polio 2
(Lansing), coxsackie A9 (Griggs), coxsackie B6 (Faulk-
ner), echo 1 (Farouk), and echo 5 (Noyce), were ob-
tained from the National Institutes of Health, Be-
thesda, Md. The sixth picornavirus, polio 1 {Maho-
ney), was provided by Gerald Berg, U. S. Environmen-
tal Protection Agency, Cincinnati, Ohio. All six of
these viruses were cuitured on Buffalo green monkey
kidney cells; virus titer assays were determined with
the same cell line by the plaque technique.

Simian virus 40 (SV40), a papovavirus, was obtained
from Lowell Hager, Department of Biochemistry, Uni-
versity of Illinvis. This virus was cultured on CV-1
cells, a derivative of the African green monkey kidney
cell line. Virus titers were obtained by the plaque
technique.

Kilham rat virus, a parvovirus, and the rat ne-
phroma cells in which the virus was cultured were
provided by Lois A. Salzman, National Institutes of
Health. The plaque assay technique was not practical
with Kilham rat virus, since the virus will proliferate
only in actively growing cells. Therefore, the virus was
assayed by the hemagglutination (HA) technique, by
plating quintuplicate portions of a virus sample which
had been exposed to chlorine on rat nephroma cells.
After the appearance of cytopathic effect, the cells
containing progeny virus were scraped from the piates,
frozen and thawed three times, and centrifuged, and
the HA technique was used on the supernatant. Data
for each time point were recorded as the average of
five separate HA titers.

1.\11 virus preparations were plaque purified and
serially passaged until stocks of adequate titers were
obtained, ie., 10° to 10* plaque-forming units/ml. The
plaque-purified stocks were processed to reduce the
chlorine demand of the preparations, using the pro-
cedure described by Sharp et al. (5); equal portions of
pooled virus fractions were stored at —70°C.

. Preparation of CDF buffer and chlorine solu-
tion. Chlorine demand-free (CDF) buffer was used as
the suspending medium in all of the inactivation ex-
penments. The CDF buffer was prepared by adding a
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sufficient amount of Clorox (Clovox Corp., Oakland,
Calif.) to deionized distilied water to achieve a free
chlorine sesidual of approximately 5.0 mg/liter. After
storage at room temperature for several days, this
chlorinated water was used to prepare the appropriate
buffer. For experiments performed at pH 6 and 7.8, a
(.05 M sodium phosphate buffer was used. A 0.05 M
borate buffer {H;B0O3-NaOH) without KCl was used
with the experiments performed at pH 10. After ad-
dition of chemicals to the chlorinated water, both the
phosphate and borate buffers were boiled for several
minutes, cooled to room temperature, and exposed to
ultraviolet light for 48 to 72 h to achieve dechlorina-
tion. All buffer solutions were analyzed for the absence
of chlorine by the orthotolidine test before use. When
the orthotolidine test was negative, the buffers were
considered to be chlorine dernand-free.

The stock chlorine solutions (0.1% available chlo-
rine) used in the inactivation experiments were pre-
pared by using Clorox, since these solutions proved to
be more stable than those prepared from chlorine gas.
To compare the two chlorine solutions (Clorox versus
chlorine gas), an inactivation experiment was per-
formed with polio 1 by using both solutions; no differ-
ence was observed in the inactivation rate with the
two chlorine solutions.

Experimental equipment and procedure. The
virus inactivation experiments were performed by us-
ing a multiple laboratory stirrer (Phipps and Bird,
Richmond, Va.), with separate stainless-steel beakers
contatning CDF buffer being used to monitor simul-
taneously virus inactivation, temperature, and free
available residual chlorine {(Wallace and Tiernan, Am-
perometric Titrator, Penwalt Corp., Belleville, N.J.).
To initiate a virus inactivation experiment, 1 ml of a
virus preparation was added to 400 ml of CDF buffer
having the appropriate free available residual chlorine
concentration. At various times afterward, 5-ml por-
tions—were removed and added to sodium thiosuifate
(12 mg/ml) to neutralize the chlorine, and the remain-
ing viruses were titered.

The results present data from at least three sepa-
rate, identical inactivation experiments. Experimental
error was generally less than 20%. The 99% inactiva-
tion data were obtained graphically by plotting per-
centage of virus survival against time of exposure to
chlorine.

RESULTS

Effect of pH on chiorine inactivation. Ex-
periments were performed with polio 1 and 2,
echo 1 and 5, and coxsackie A9 and B5. These
viruses were selected for their reported wide
range of susceptibility to chlorine (3). Of the
above viruses, polio 2, echo 1, and coxsackie B5
were identified as the most resistant to chlorine
of the respective virus pairs. To evaluate the
effect of pH and the resulting predominant spe-
cies of chlorine on virus inactivations, the inac-
tivation of these six viruses was studied at pH 6
and 10. Chlorine inactivation studies were also
performed at pH 7.8 with echo 1 and 5, coxsackie
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BS, and polio 1 in order to have data comparable
to those of Liu et al. (3) Table 1 summarizes the
results, giving the time required for 899% inactr-
vation of the six picornaviruses at pH 6 and 7.8
in phosphate buffer and at pH 10 in borate
buffer.

All of the chlorine inactivation expeniments
were performed at 5 + 0.2°C. The pH never
varied more than 0 5 unit during any experiment.
The initial virus titer in each experiment was
about 10" plaque-forming units/m], and the dos-
age of chlorine was 0.50 to 0.53 mg/liter. The
residual chlorine level, as measured ampero-
metzically at the end of each experiment, often
decreased but generally not more than 0.03 mg/
liter. This decrease represents approximately a
6% chlorine demand. Table 1 gives the range of
residual chlorine at the end of each of three
separate experiments for each of the viruses.

There was a significant difference in the time
required for 99% inactivation of the various vi-
ruses at pH 6 and 10 (Table I). In every case,
the rate of inactivation at pH 10 was dramati-
cally less than at pH 6. For example, echo } was
99% inactivated in 0.5 min at pH 6 and in 96 min
at pH 10, whereas polio 1 was 99% inactivated in
21 min at pH 6 and 21 min at pH 10.

The rank ordering in Table 1 demonstrates

TaBLE L. Time required for 99% wnactwation by
free residual chlorine at 5.0 + 02°C

Time for
fConcn of 99% m- | Rank
pH ree chlo. Virus type activa- | urder-
nne* {mg/ A
hter) u(.m ng
{min}
600 0.46-0.49 |Coxsackie A9! 03 i
500 0.48-0.49|Echo 1 05 2
6.00-6 02 | 0.48-0.51|Polio 2 12 3
600-6.03 }0.38-0.49{kcho 5 13 4
600 047-0.49|Polio 1 2.1 5
600-6.06 | 0.51-052!Coxsackie B5} 3.4 6
Coxsackie A9| ND®
7.81-7.82 |0.47-0.49{Echo 1 1.2 1
Polio 2 ND

7.79-7.83 }0.48-0.52|Echo 5 1.8 k
7.80-7.84 | 0.46-0.51|Polio 1 1.3 2
7.81-7.82 | 0.48-0.50 |Coxsackie B5| 4.5 4
10,00-10.01 } 0.48-0.50 | Coxsackie A9 1.5 1
10.00-10.40 | 0.49-0.51 | Echo 1 96.0 6
9.89-10.03} 0.48-0.50 | Polio 2 64.0 4
9.97-10.021 0.49-0.51 |Echo 5 27.0 3
9.99-10.401 0.50-0.52 | Polio } 21.0 2
9.93-10.05 | 0.50~0.51 {Coxsackie B5| 66.0 5

“Range of measured free chlorine residual in the
test reactor at the termination of each of three sepa-
rate experiments.

®ND, Not determined.
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the wide range of susceptibilities of related vi-
ruses to chlorine disinfection. For example, at
pH 10, coxsackie B5 was 40 times more resistant
than coxsackie A9. Interestingly, there were sev-
eral cases in which the relative susceptibility to
chlorine was altered {rank ordering) between pH
6 and 10, suggesting important effects of pH on
the virion as well as on the chlorine species.
Echo 1 was the second most susceptible virus at
pH 6 but was the most resistant at pH 10. Polio
1 was one of the most resistant viruses at pH 6;
however, it was relatively susceptible at pH 10
when compared with the other virused at this
pH value. This can be seen most clqarly by
inspection of Table 2, in which the time tequired
for 99% inactivation of the viruses and fatios of
inactivation rates at pH 6 and 10 are compared.
it should be noted that at pH 6 and ¢°C, ap-
proximately 98% of the chlorine was inf the hy-
pochlorous acid (HOCI) form, whereas 4t pH 10
and 0°C, only 0.5% of the chlorine wag present
as HOCI, the remainder being present in the
dissociated form as hypochlorite ion: (OCI).
Even at pH 7.8, differences in relative guscepti-
bility appeared when rank ordered and com-
pared with results at pH 6 (Table 1). Polio 1 and
echo 1 were inactivated at approximgtely the
same rate at pH 7.8, whereas their rates were
quite different at pH 6. Of particular| interest
was the observation that polio 1 was ingctivated
more rapidly at pH 7.8 than at pH| 6. This
suggests that the effect of pH in this rJnge (pH
6 to 7.8) may be greater on the structure and
reactivity of the virus than on the species of
chlorine.

Figure 1 shows the differences in th¢ kinetics
of inactivation of the two types of pblio- and
coxsackieviruses at pH 6 and 10, with D.5 mg of
free available chorine per liter and at 5°C. Each
pair of viruses from the same subgroup| is shown
on one figare for purposes of comp: n, and
each curve represents the average of| three or
more separate experiments. It is signjficant to
note that some virus types closely resembled
each other in their kinetic response toi chlorine,

TarLe 2. Comparison of virus inactivatién by free
residual chlorine at pH 6.0 and 10.0 and §0 + 0.2°C

Time for 99% inactivation {min)

Virus type

pH60 pH 100 ' Ratio®
Coxsackie A9 ..... ... 0.3 1.5 5
Echol..... .. ... 05 960 , 192
Polio2 ... ........... 12 64.0 | 53
Echo5 ... . ....... 13 270 - 21
Poliol .. 2.1 210 10
Coxsackie B5 .. ..... 34 66.0 18

° Time required at pH 10.0/time requiredl at pH 6.0.
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whereas others did not. For example, coxsackie
A9 at pH 6 showed a rapid decrease in titer
followed by a somewhat slower rate of inactiva-
tion, whereas coxsackie B5 appeared to be dra-

matically more resistant to chlorme (Fig. 1B).
The half-life of coxsackie A9 was about 2 s,
whereas the half-life of coxsackie BS was ap-
proximately 0.5 min, a 15-fold difference.
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Figure 1A shows the kinetics of inactivation
of polio 1 and 2 at pH 6 and 5°C with 0.5 mg of
free available chlorine residual per liter. These
viruses had similar inactivation kinetics, con-
trary to the results of the two coxsackieviruses
(Fig. 1B). Initially, both polioviruses had a half-
life of approximately 8 to 10 s. However, a sig-
nificant difference in the rate of inactivation for
polio 1 and polic 2 appeared after approximately
30 s of exposure to chlorine. Two logs of polio 1
were inactivated after 2 min, whereas polio 2
was inactivated to the same extent in half the
time. This is a consequence of the nonlinearity
of the inactivation curves.

This nonlinearity was most likely due to a
difference in degree of aggregation between the
two viruses, although differences in the rate at
which chlorine and the neutralizing thiosulfate
solution penetrate the capsid could also have
contributed. Limited results with sucrose gra-
dients suggested that virus aggregation
amounted to 0.5 to 8% of the particles in the
virus stock preparations (data not shown). This
is consistent with the deviation from single-hit
kinetics of poliovirus, between 1- and 2-log in-
activation {(see Fig. 1A). Whether strain-specific
variations in the degree of aggregation consist-
ently generate differences in inactivation kinet-
ics remains to be determined. The results with
polio 1 quantitatively agree with those reported
by Weidenkopf (6}, including the biphasic nature
of the curve.

Since phosphate buffer was used in preparing
the CDF buffer solution at pH 6 and borate at
pH 10, it was important to determine whether
the buffers themselves affected the rates of in-
activation. Figure 2 compares the kinetics of
chlorine inactivation of polio 1 at pH 7.8, using
both the borate and phosphate CDF buffer so-
lutions. The curves are indistinguishable, indi-
cating that the buffer ions were probably not
responsible for the previous results.

Chlorine inactivation experiments were per-
formed at pH 7.8 with echo 1, coxsackie B5, and
echo 5 in order to have data comparable with
those of Liu et al. (3). Figure 3 compares the
chlorine inactivation of these three viruses at
pH 7.8 with 0.5 mg of free available chlorine per
liter and at 5 + 0.2°C. The times for 99.99%
inactivation of these three viruses were less than
the times reported by Liu et al. (3) in their
Potomac River water study. Liu et al. (3) found,
assuming a first-order reaction and by extrapo-
lating their experimental data, that echo 5 re-
quired 8 min, polio 1 required 16.2 min, echo 1
required 27 min, and coxsackie B5 required 39.5
min to achieve 99.99% inactivation with 0.5 mg
of free available chlorine per liter in Potomac
River water at pH 7.8 and 2°C. Extrapolation of
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the data generated in this study indicated that
echo 5 required 4.5 min, polio 1 required 3 min,
echo 1 required 4.7 min, and coxsackie B5 re-
quired 6.7 min for the same degree of inactiva-
tion of the virus with 0.5 mg of free available
chorine per liter at pH 7.8 but with CDF buffer
solution and at 5°C, Comparing the results of
these two independent studies and neglecting
the small difference in temperature between the
two sets of data, it would appear that the inac-
tivation of the virus in natural water, i.e., Poto-
mac River water, may differ significantly from
that which occurs.in CDF buffer solution. It is
entirely possible that other technical differences
could account for the divergence in results ob-
tained in this study and those of Liu et al. (3).
Chlorine inactivation as a function of vi-
rus group. The picornaviruses, having ribonu-
cleic acid as their genetic material, appeared to
differ widely in their susceptibility to chlorine
(Table 1). The possibility that virus groups other
than the enteroviruses might also differ greatly
with respect to chlorine susceptibility was also
considered. Thus, the susceptibility to chlorine
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of Kilham rat virus, a parvovirus containing
single-stranded deoxyribonucleic acid, and
SV40, a double-stranded deoxyribenucleic acid
oncogenic virus, was determined. Although nei-
ther virus has been detected in water supplies,
~ the response of both viruses to chlorine does
confirm the observation that there is a wide
range of chlorine susceptibility among the vi-
ruses, Tables 3 and 4 give the kinetics of inacti-
vation of Kilham rat virus and SV40, respec-
tively, at pH 6 with 0.5 mg of free available
chlorine per liter and at a temperature of 5°C.
Kilham rat virus was no more resistant to
chlorine than any of the picornaviruses, being
99% inactivated in less than 20 s. SV40 was even
more suscepfible to chlorine than Kilham rat
virus, being 99% inactivated in 10s. Even though
SV40 is considered by tumor virologists to be
very hardy under adverse conditions, it appears
to be extremely susceptible to chlorine.
Effect of potassium chloride on chlorine
inactivation. Experiments were performed at
5°C with 0.5 mg of free available chlorine per
liter, using 0.05 M phosphate buffer (pH 6) and
boric acid-NaOH buffer (pH 10) with and with-
out 0.05 M KCl added, to further investigate the
reversal effect of KCl that was observed by
Scarpino et al. (4). Their results indicated that
inactivation of polio 1 was more effective at pH
levels where the free available chlorine was pre-
dominantly in the form of OCI™ rather than in
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the form of HOCL. It was reported that inacti-
vation of polio 1 at pH 10 was seven times more
rapid than at pH 6. This is contrary to the
findings of other investigators. The buffer used
by Scarpino et al. (4) in their pH 10 experiments
was 0.05 M borate buffer (H;BO;-KCl-NaOH}).

The pH 10 buffer system used in this study was |

also boric acid and sodium hydroxide, but with
and without added KCI.

The time required for 99% inactivation of polio -
1 by 0.5 mg of free available chlorine per liter at -

pH 10 was decreased approximately 50 times by

the addition of 0.05 M KCI to the boric acid--

NaOH buffer system (Fig. 4). The rate of inac-
tivation of polio 1 in 0.05 M phosphate buffer at
pH 6, with and without 0.05 M KCl, was also

studied (Fig. 5). Once again, the addition of KCI;
decreased sixfold the time for 99% inactivation;

of polio 1.

DISCUSSION

The experimental results reported from this'
study demonstrate the importance of three var-
iables affecting the susceptibility of viruses to
chlorine disinfection: the virus type, the pH, and|
the ionic nature of the suspending medium. That,
different viruses can display large differences in!
susceptibility to chlorine was obvious even
within the picornavirus group, which displayed!
a 64-fold range in the time required for 2-lo
inactivation at pH 10. A more extensive survey|
of virus types could revel even wider differences,
as indicated by the fact that SV40 was even
more susceptible to chlorine at pH 6 than wag

TasLE 3. Chlorine inactivation of Kilham rat virus%
by free residual chlorine at 5.0 + 0.2°C

Concn of HA titer
Expt free chlo-
"o pH {rine in test 69
) reactor |Control] 10s 20s 30s 5
{mg/liter) .
1 ls01] 048 |11,6381:1,792) 1:3.2 {116 ] 0
{100)" | (109) |(0.19) {(0.09)| O
2 1604 049 {1563 11:2243 | 1132} 0 | O
(100) (43) {1056} 0 {Q
" Percentage survival is given in parentheses. -
TasLe 4. Chlorine inactivation of SV40 by free '
residual chlorine at 5.0 » 0.2°C
Concn of % of virus surviving
free chlo-
Expt H rine in
no. P test reac-  Con- 108 208 30!
tor {mg/  trol 8.
liter)
I 601 049 100 113 0 0O
2 6.02 0.48 100 1.67 002 O
3 6.02 0.48 100 069 O 13

e e
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the most susceptible of the picornaviruses
tested. Liu et al. (3) have previously reported
substantial differences in chlorine susceptibility
between different picornavirus types. However,
the results reported here in general reveal a
greater degree of chlorine susceptibility than
was observed by Liu et al. (3). This discrepancy
may be a consequence of the use of Fotomac
River water by Liu et al. (3), whereas CDF
buffer prepared from distilled water was used in
the current study. It should be noted thtt much
of the data presented by Liu et al. (3) were based
on extrapolation from a few early timd points,
assuming first-order kinetics. This assymption
may not be warranted since many of the viruses
do not display first-order kinetics of inactivation
over the entire range, presumably due in part to
the aggregation of the virus. ‘

Since HOCl is more reactive than OCI™, it was
not surprising to find that the viruses e*amined
were inactivated more rapidly by chlorige at pH
6 than at pH 10. However, the relative suscep-
tibility of the different viruses changed Hramat-
jcally with pH. Thus, echo 1, which was the
second most susceptible picornavirus 4t pH 6,
was the most resistant at pH 10. Increasing the
pH from 6 to 7.8 reduced the proportion pf HOCI
from approximately 98 to 50%, but had only a
slight effect on the rate of inactivation;of most
of the viruses studied. This indicates {hat pH
affects not only the predominant specieﬂ of chlo-
rine, but perhaps the susceptibility of the virion
to inactivation also. The suggestion tha} hydro-
gen ion can alter the reactivity of virigns with
chlorine is suppoited by the observatjon that
inactivation of polio 1 was dramatically jaffected
by the presence of potassium chloridg, being
accelerated 50-fold at pH 10 and only 6-fold at
pH6.

The wide range of susceptibility to chiorine
disinfection displayed by different vuqseq, the
large effects on inactivation due to pH gnd ions,
and the fact that the effects of pH and |ions are
themselves affected strongly by the vifus type
make it highly unlikely that a single vjrus will
prove to be a suitable indicator for determining
the adequacy of the disinfection process|in treat-
ing a water supply. ’
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 Among neutropenic

putiunts, however, monas was found to be a
puthogen. Among G, positive organisms the rela-
tive incidence of coagulase-positive Staphylococcus is
sumowhut higher in this study than in other recent
reports. Becuuse patients with exit site infections were
more likely to have S. aureus isolated from the blood
thun cvagulase-negative Staphylococeus (63 ve. 25%)
this predominance of S. aureus may reflect the largo'
number of local infections in this population.

‘These findings suggest that the presence of an in-
fiwclling catheter, by breeching the epidermal barrier
increases the risk of sepsis in all patients but that the'
udded presence of neutropenia may alter the spectrum
of pathogens responsible for infection. Furthermore
in children with Broviac-type catheters the presence
of an exit site infection and fever is highly predictive
of bacteremia and should be initially managed as such,

Because of the relatively small numbes of patients
studied, individual factors such as age, duration of
catheter use, type of indwelling catheter (Portacath®
us. Broviac) or underlying malignancy which may
serve to identify those patients at especially high or
low risk of bacteremia cannot be identified. This study
sample, however, is broadly representative of the pop-
ulation of oncology patients at a pediatric referral
center. We therefore conclude that immediate empiric
ant.ibio:ic therapy is warranted in all pediatric cancer
patients with fever and an indwelling central venous
ctheter. regardless of their absolute neutrophil count.
Initial choice of antibiotic coverage should include
agents against a broad range of pathogens, including

coggulase-negative staphylococci and other common
epiderma! organisms.
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Astroviruses as a ¢ause of nosocomial outbreaks

of infant diarrhea

HAMIDA ESAHLI, MD, KERSTIN BREBACK, RUTGER BENNET, MD, ANNEKA EHRNST, MD,
MARGARETA ERIKSSON, MD, AND KJELL-OLOF HEDLUND, PHD

During a 16-month study period at a chil-
dren’s hospital, 32 children developed nosoco-
mial gastroenteritis caused by astroviruses,
Twenty-five of these occurred during 2 epi-
demic outbreaks in medical and surgical infants’
wards. From the community, 13 confirmed cases
were admitted during the study period. Both
community-acquired and nosocomial cases oc-
curred during autumn, winter and early spring.
The attack rates during outbreaks ranged be-
tween 7 and 62% and were highest among chil-
dren with underlying gastrointestinal diseases.
Diarrbea and vomiting were the most common
clinical manifestations, The median duration of
symptoms was 4 days and that of virus excretion
was § days.

Hospital infection with astroviruses is com-
mon and usually affects children less than 2
years of age. The probable mode of transmission
is spread via contaminated hands.

INTRODUCTION

Nosocomial viral gastroenteritis is common in in-
fant wards,'™ Several studies have described the prin-
cipal role of rotavirus" *® although Norwalk-like virus
and astrovirus are also common.*’

Astroviruses are small round particles, 28 to 30 um
in diameter, with a five- or six-pointed star configu-
ration, It is a nonenveloped RNA-.containing virus
with five distinct polypeptides.® It was first described
in humans by Appleton and Higgins® and Madeley
and Cosgrove’ in infants with mild diarrhea and
vomiting. Strains of astrovirus have been associated
with outbreaks of diarrhea in lambs'' and of hemor-
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rhagic hepatitis in ducklings.!* Five human serotypes
have been described.”

The fewer studies on astrovirus compared with
those on rotavirus could probably be explained by the
milder symptoms of astrovirus infections and by the
difficulties in identifying and isolating the virus.'* **
As a result we assessed the role of astrovirus as an
etiologic agent of nosocomial and community-acquired
gastroenteritis and investigated the clinical features,
epidemiology and pattern of nosocomial spread in two
outbreaks.

MATERIALS AND METHODS

Hospital and wards. St. Géran's Children's Hos-
pital is a 250-bed pediatric teaching hospital with
pediatric surgery and intensive care. It serves as a
tertiary referral center, The hospital also has its own
catchment area, serving a population of 1 million
people of various social and ethnic backgrounds.

Isolation facilities are mainly provided by an infec-
tious disease unit of 15 rooms. Patients with diarrhea
are, whenever possible, admitted to this unit. The
pediatric and surgical wards caring for children
younger than the age of 2 years are sjtuated on the
same hospital floor. Each ward has 10 rooms, includ-
ing 2 single rooms that can be used for isolation
purposes. The patients are cared for by unshared
nursing staff but physicians and medical students
move between wards.

Definitions. Diarrhea was defined as an increuse
in frequency to more than two per 24 hours and/or a
change in consistency of stool. Gastroenteritis was
defined as nosocomial when onset of diarrhea and/or
vomiting began at least 72 hours aflter admission or
less than 72 hours after discharge. Study patients were
not routinely followed, but in one case rendmittunce
became necessary.

The attack rate was defined as the number of in.
fected patients, divided by the number of patiwnte nt
risk (those hospitalized for more thun 3 duy»s)

Data collection. This 1s a retrospective study cov
ering 16 months from September, 1987, o Decumber,
1988. This period included two huspitul outbiruaks uf
astrovirus gastroenteritis. Stouvls from ull canes of




nosocominl diarchea, as identified by the ecriteria
above, were routinely sent for virus detection. How-
vver, the majority of community-acquired casea of
gastroenteritis of short duration admitted to the in-
fectious disease ward were not routinely studied. Be-
cause of rupid electron microscopic techniques (see
below) we became aware of the two clusters of astro-
virus infection when they occurred. During those pe-
riods stool samples were also taken from asympto-
thatic roommates and family members and, during the
first outbreak, among staff. Serologic studies were not
routinely performed. Fecal specimens were sent for
bacteriologic examination according to the clinical
judgment of the attending physician.

Forty-eight follow-up samples were obtained from
17 infected children, including 2 asymptomatic. More
than 1 follow-up sample were obtained in 9 children
(Fig. 2).

The medical records of the patients with astrovirus-
positive stools were examined. Data on sex, age of
onset, underlying disease, nutritional status, clinical
symptoms and other concomitant virus were recorded.

Virological methods. Routine diagnostic service
included electron microscopy of stool samples from all
children younger than 7 years of age attending St,
Goéran's Children's Hospital, Stool specimens sent to
the virologic laboratory were examined by negative
contrast electron microscopy. One drop of & 10% sus-
pension of feces was placed on a Formvar carbon-
coated copper grid for 1 minute, The specimen was
negatively stained with 2% phosphotungstic acid (pH
6.0) and air dried. Two grids from each specimen were
examined in a JEOL JEM-100C electron microscope
at x40 000. The specimen was considered negative if
no virus was detected after 15 minutes of microscopic
examination.

Virus isolation was performed on all cases in which
no agent was identified by electron microscopy, pri-
marily to detect nonenteric adenoviruses and entero-
viruses, For this procedure 0.2 ml of the 10% fecal
suspension was inoculated into tissue culture tubes of
HeLa cells, green monkey kidney cells (GMK-AM)
and human rhabdomyosarcoma (Rd) cells. The cells
were observed every 3 to 4 days for 2 weeks.

Statistical method. Statistical analysis was per-
formed by the chi square and Fisher exact tests, and

P < 0.05 was considered significant.

RESULTS

Incidence and epidemic outbreak. We found 78
episodes of nosocomial diarrhes with a defined etiol-
OBy in 68 patients. In 7 episodes more than 1 virus
was found; 43% were caused by rotavirus and 44% by
ustruvirus, Thirty-two of the 45 astrovirus infections
wore nasocomial whereas 134 of 167 rotavirus infec-

Lions dingnosed during the same period were commu-
ity uequired (7' < 0.001) (Table 1),

gy avea

There were two outbreaks in the last 2 weeks of
September, 1987 (11 cases), and October-November,
1988 (1§ cases} (Fig. 1). Each outbreak could have
been related to one community-acquired index case,
Spread between the infant medical and surgical wards
probably occurred by transfer of patients before symp-
toms of gastroenteritis had appeared (Fig. 1). Alto-
gother 26 episodes of gastroenteritis occurred in 26
children during these 2 outbreaks. The mean interval
between index case and secondary episodes was 3 days
(range, 2 to 13 days). The cases of nosocomial diarrhea
in the infectious disease ward could not be traced to a
known contact.

The median duration of hospitalization was 8 weeks
(range, 1 to 46 weeks) and the median interval between
admission and onset was 10 days (range, 3 to 120
days). The attack rate in the medical ward during the
first outbreak was 23% whereas the attack rate in the
surgical ward was 62%. During the second outbreak
the attack rates were 7 and 13%, respectively, The

TABLE 1. Confirmed hospital cases of viral
gastroenteritis, September, 1987, to November, 1988

Viras N 0 C ity-scquired
Astrovirus 3237 13(7)
Rotavires 338 134 169)
Calicivirus 5(8) 8(3)
“Small round structured vi- I 442)
Tuses®
Adenoviruses
Detectedt by electron mi- 48 84}
¢rodcopy
Detected by virus lsolation 33 9 (4}
Enteroviruses
Echovirus types 22, 23 6(7 3
Other enteroviruses 141) 18 {9)
* Numbers in parentheses, percent.

1 Adenoviruses that were desscrad by slectron microacopy but not by virus culture were
wmad 1o be anteric adenoviraaes, 1ypas 40 and/or 41, whereas adenaviruses detecied by
isolation only wers Uped and shown 1o be nonentenc.

1 The distinction becween echovirus types 12 aad 23 and other anteraviruses is made
Because tive 0rmer are MO Prows 16 csuse nosocomisl spread (A Ehrnst o ai , unpube
g-hd datay, Fisher's exsct Wt per(crmed On Aumbers of snieroviruses in the table yulds

- 0.001,
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cases of nosocomial astrovirus gastroenteritis outside
the epidemic outbreaks were distributed between all
wards and apparently
cases.

During the first outbreak fecal samples were obtained
from 27 staff members, 10 roommates, 3 parents and
3 siblings. One parent and 2 toommates (F\gt 2, Pa-
uients 6 and 7) were positive but asymptomatic. Two
siblings, cared for at home, were positive and symp-
tomatic. All staff members were negative.

Characteristics of children with nosocomial
and community-acquired astrovirus gastroen-
teritis. The male:female ratio was 12:20 among nos-
ocomial and 6:7 among community-acquired cases,
The distributions in the age groups <1, 1 to 2, and >2
years were 28, 4,0 and 6, 5, 2, respectively (P < 0.0}).
The age disttibution of the infants with nosocomial
gastroenteritis did not differ from that of other pa-
tients in the wards, Underlying diseases are shown in
Table 2. .

Sixteen of 32 cases of nosocomial astrovirus gas-
troenteritis were associated with gastrointestinal dis-
eases (mainly gastroesophageal reflux and malforma-
tions in the surgical ward, failure to thrive and celiac
disease in the medical ward). During the two clu'nter
periods the numbers of children with gastrointestinal
diseases vs. all children were 25 of 181 (medical ward)
and 50 of 192 (surgical ward). Thus patients with
gastrointestinal disease were overrepresented among
infected children (P < 0.001 by chi square test),
Among the children with community-acquired astro-

td mat ot i o sacandary
id not give rise to secondary
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Fic. 2. Duration of diarrhea and stool virus detection in 20 cases
of nosocomial astravirus infection.
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virus gastroenteritis, one was admitied with trauma
and two with a concomitant urinary tract infection.
only live patients were

At the onset of gastroente
fully breast-fed.

Clinical features. The clinical symptoms and
signs in the patients with nosocomial and cominunity-
acquired gastroenteritis are complﬂ'e(.i iln"’l‘gble 4.
Diarrhea was the most common clinical feature in
both groups. Vomiting was reported in appruximutc}y
60% of the patients, Fever was more frequent in
community-acquired gastroenteritis but it was glfw
reported in 31% of the nozocomial gastroenteritis.
Upper respiratory symptoms occurred with equal fre-
quency in both groups.

Three of the dehydrated patients from each group
had metabolic acidosis. One of the nosocomial cases
had hypertonic dehydration {serum sodium'> 145
mmol/liter). Five of the dehydrated patients in both
groups (2 of 5 and 3 of 5, respectively) hat_i other tecal
pathogens, all of them viruses, concomitantly with
astrovirus. One patient excreted both rotavirus a.r\d
adenovirus 10 days before the onset of gastroenteritis
(Fig. 2, Patient 18).

When serial stool samples were examined (Fig. 2)

TABLE 2. Underlying illnesses in patients with
astrovirus infection

IY) ' C ¥ 4

Total 32 &

Surgical uau 18 1
Gastrointestingl 1
Urelogie
Teauma
Cardiologic
Other

Medical univ
GCasuromntestined
Urinary tract inlection 2
Curdiologic
Naurologic
Respiratory
Socisl 2

Infectious disease unit

intensive care
Cardisc
Gastrointestinal

—wrr FOm—eN
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TABLE 3. Symptoms and signs in patients with
astrovirus gastroenteritis

N TG J-acquired
Total 32 13
S)B‘li:\':;l‘. 30 (93)° lg {{:24)
Vomiting 21 (86) .'.(5“
Faver 238°C 103y (341
Respairatory symptoms TEn PAILY]
Dehydration 255 5(18) 509
Metabolic acidonis 400 S
Duration of symptoms tdus st
Median ] 4
Range =10 1
Other virus found
Ratavirus 4 )
Adenovirus 1 )

=~ Numbers in parentheses, percent
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escretie i ol astrov ed for 3 to 7 days (median,
as caculuted from . with three or more fecal
sumples anulyzed, 6 duys). The duration of clinical
illness was 2 to 10 days (median, 4 days). Two children
with community-acquired gastroenteritis developed
clinical symptoms of transient lactose intolerance of
short duration (3 weeks).

Nineteen of the children with nosocomial gastroen-
Leritis either were treated with diet modification or
received no treatment. Eleven were given oral rehy-
dration solution either alone or in combination with

wtravenous fluid. In two patients oral intake was
stopped.

DISCUSSION

In the present study the clinical and epidemiologic
features of two nosocomial outbreaks of astrovirus
infections are described. The age of nosocomially in-
fected cases was significantly younger than that of
community-acquired cases. The nosocomial spread of
astrovirus infections was more pronounced than that
of rotavirus infections. The attack rate of astrovirus
infection among cases with gastrointestinal disease
was higher than in children with other diseases.

It is interesting that the age of the children with
nosocomially acquired astrovirus infection was lower
than that of the community-acquired cases. In other
studies of nosocomial cases the mean age has also
been low.® % 18 The high incidence in the younger
age group among nosocomial cases is most probably a
result of the fact that this age group dominates among
the hospitalized children present in the wards. Thus
there was no age difference between infected and
noninfected children in the wards. Astrovirus infec-
tions in the community probably occur more often
among older children than has previously been fully
appreciated. Similarly in a seroepidemiologic survey
in the United Kingdom IgM and IgG antibodies to
astrovirus were detected not only in infants but also
in school children and elderly patients.!?

‘The high relative frequency of astrovirus infections
is most likely influenced by the time period of the
study. [t included two outbreaks of astrovirus infection
and the interval between them, but only one rotavirus
season, between the two astrovirus outbreaks. If both
of the astrovirus outbreaks had been omitted from the
study, the relative frequency would have been 6.3%
(excluding isolation-positive adenovirus infections,
and coinfections counted once). In other studies the
relutive frequency of astrovirus nosocomial diarrhea
has been found to be 5.2%? and 9.6%.' If only 1988
had been wcluded the frequency would have been 35%.

The initial clinical features of astrovirus gastroen-
teritis were not essily distinguishable from those of
rotuviruy infection, The median duration of the symp-
toms wus 4 days and the time of excretion was 1 week
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in accordance with findings by others.*® In a com-
patrison between outbreaks of rotavirus and astrovirys
infections in a geriatric inpatient sample, the duration
of rotavirua illness wab 4 days and the symptoms were
somewhat more severe, but the attack rate of astrovi.
rus infection was higher'*

Nosocomial spread seemed to be a feature more of
astrovirus than of rotavirus infections. However, this
may be biased by the greater number of community-
acquired cases of rotavirus infections. This in turn
may reflect the mild symptoms of astrovirus gastroen.
teritis, with most community-acquired cases never
seeking medical attention.- However, in a study in
Glasgow 80% of 62 astrovirus-infected patients had
diarrhea whereas 12%. were asymptomatic, which was
similar to the situation with rotavirus infections.® Of
verified cases of astrovirus gastroenteritis approxi-
mately one-half were found to be nosocomial.* ** Per-
haps astroviruses, as has been described for rotavirus,

may be transmitted by the air-borne route in addition”

to being spread by contaminated hands.®

No particular risk group of children has been de-
fined in earlier studies, but occasional cases in children
with preexisting inflammatory bowel disease have
been described." In the present study one-half of the
cases with nosocomially acquired astrovirus infection
had a gastrointestinal underlying disease. This sug-
gests that gastrointestinal disease is a risk factor,

Both breast milk and orally administered antibodies
have been shown to protect against infection and to
modify the severity of the illness caused by other
viruses.”® In the present study only 6% of those with
nosocomial astrovirus were breast-fed, In addition
gastrointestinal disease might interfere with the local
defense system. These factors may together contribute
to a susceptibility to intestinal infection.

Coinfection with astrovirus and other pathogens has
been reported to be common. Nazer et al.'* reported
that of 28 children affected by astrovirus 16 excreted
other pathogens. In our study 10 patients, either with
community-acquired or nosocomial infection, con-
comitantly excreted other viruses. The children who
excreted astrovirus in combination with other viruses
were more often dehydrated but the mean duration of
illness did not differ from those who excreted astro-
virus alone.

Although diarrhea caused by astrovirus may be rel-
atively mild and therefore not strenuous to a nonhos-
pitalized patient, the pronounced tendency to cause
nosocomial spread of diarchea as evidenced by this
study and by others™ " is of noteworthy concern to
pediatricians,

REFERENCES

1. Ryder RW, McGowan JE, Hatch MH, et al. Reovirus-like agent
as a cause of nosocomial diarrhea in infants. J Pediatr 1977,
90:698-702.

R

(3

Q, No. 7, July, 1991

. ohiddleton PJ, Szymanski MT, Petric M. Viruses associated

1

b

o

&

—

-

®

©

with acute gastroenteritis in young children. Am J Dis Child
1977:131:733-7. )
Madeley CR, Cosgrove BP, Bell EJ, et al. Stool viruses in babies
in Glasgow. J Hyg {Camb} 1977:78:261-73. .
Ford-Jones EL, Mindorff C, Gold R, et al. Th_c mcn:lencg of
viral-associated diarrhea after admission to & ped
idemiol 1990;131:711-8. .
JDeEtrr:f:\y K?H% Peter G. Risk factors associated with nosacomisl
rotavirus infection. Am J Dis Child 1985:139:935-9. )
Hjelt K, Krasilnikoff PA, Grauballe PC, et al. Nosoc acute
gastroentenitis in a paediatric department with special reference
to rot’ virus infections. Acta Paediatr Scand 1985;74:89-95.

. Donelli G, Ruggert FM, Tinari A, et al. A three-year diagnostic

and epidemiological study on viral infantile diarrhea in Rome.
Epidemiotl Infect 1988;100:311-20. . .
Shimizu M, Shira J, Narita M, et ll.'C‘yloplthlcU:.nLroruut
isolated trom porcine acute gast. tigin an b cgll
line denved from poreine embryonic kidney. J Chn Microbiol
1990:28:201-6. )

Appleton H, Higqins PG, Viruses and gastroententis in infants,
Lancet 1975,1:1297. ) .
Madeley CR, Cosgrove BP. 28 nm particles in faeces in infantile
gastroentenitis. Lancet 1975:2:451-2,

. Snodgrass DR, Gray EW. Detection and transmission of 30 nm

virus particles (astroviruses) in faeces of lambs with diarrhoes.
Arch Virol 1977,55:287-81. .

Gough RE, Coliins MS. Borland E, et al. Astrovirus-like paru-
cles associated with hepautis in ducklings. Vet Res 1984,
114:279.

THE PEDIATRIC INPECTIOUS DISEASE JOURNAL

515

13, Kurtz JB, Lee TW. Human sastrovitus surucypes. Lancet
1984;2:1406. . .

14, Nazer H, Rice 5, Walker-Smith JA. Clinical associations ot
stoal astrovirus in chuldhood. J Pediatr Gust Nutr
1982:1:555-8. .

15. Kurtz JB, Lee TW. Astroviruses: human and animal. Cibs
Found Symp 1987;128:92-107.

16. Kurtz JB, Lee TW, Pickering D. Astrovirus ussociated gastruen-
terius in a children’s ward. J Clin Pathol 19‘71:30:948—52: X

17. Wison SA, Cubitt WD, The development and evalustion ot
radiosmmune assays for the detection of smmune xlgbulmu M
and G against astrovirus. J Virol Methods xQBB:lS:{al-S.

18, Ford-Jones EL, Mindorff CM, Langley JM, et al. Em’demnolouw
study of 4684 hospital-acquired i!;l'ectiom in pediatric patients.
Peciatr [nfect Dis J 1989:8:668-75.

19. Lewis DC. Lightfoot NF, Cubitt WD, Wilson SA. OuxI?reaks ol
astrovirus type 1 and rotavirus GRSLIOENTENit in 8 geriatne in:
patient population. J Hosp Infect 1989:14:9-14. i .

20. Samadi AR, Huq MI, Ahmed Q3. Detecuion of rotavirus in
hand hings of attend of children with diarrhoea. Br
Med J 1983:286:188. . )

21, Barnes GL, Hewson PH, McLellan JA, et al. A randomised triul
of oral gammaglobulin 1n low-birth-weight intants infected with
rotavicus. Lancet 1982:1:1371-3.

22, Snodgrass DR, Madeiey CR, Wells PW, et al. Human rotavirus
in lambs: infecuon and passive protecion. Infect linmun

1977;16:268-70

23 McLean BS, Holmes [H. Effects of antibodies, trypsin and
trvpun inhibitors on susceptibility of neonates to rotavirus

intection. J Clin Microbiol 1981;13:22-9.

Book Review

Infection Control in the Child Care Center and
Preschool. Edited by Leigh G. Donowitz. 364
pp. Baltimore: Williams & Wilkins, 1991. Soft

cover, $268.00.

This is a great little book. It belongs in every pediatri-
cuans's ottice and in every day-cace ceater. It .begms wu'h
general informaticn in sections titled Transmission, Poli-
cies, Care of High.Risk Children and Guidelines. The .renl
meat of this book is the 54 chapters on specific infocu.ons
from Adenovirus to Yersinia. Each chapter is broken into
divisions ticled Clinical Manifestations, Etiologic. Agent,
Epidemiology, Diagnosis, Therapy, Infectious Period and
Infection Control. Dr, Donowitz has done an cxce?hm job
of editing the material into language that any inteiligent lay
person can understand., Day-care center diractors will be
able to find out what to do in specitic situations and why
the measures are necessary. Pediatricians can turn to the
book for sound advice from experts when they are gskud to
advise the day-care center director and parents. This is z{n
most eminently practical and useful book to come along in
years, Run to your book store and buy it.

Jobn D. Nelson, M.D.
Dallas, TX




