
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



S
I
T

I

M

R

C

I

A
l
m
t
a
p
f
v
s
n

F
M
W
M
t
M

5
G

A
©

elected Nonvaccine Interventions to Prevent
nfectious Acute Respiratory Disease
errence Lee, MPH, Nikki N. Jordan, MPH, Jose L. Sanchez, MD, MPH, Joel C. Gaydos, MD, MPH

ntroduction: Infectious acute respiratory disease (ARD) is a significant cause of worldwide morbidity,
disproportionately affecting individuals living in crowded conditions, such as found at
military training centers, school dormitories, and correctional facilities. Vaccines have been
used to protect against ARD; however, these are not always available or effective.

ethods: The medical literature (1963–2004) on preventive nonvaccine ARD interventions
(NOVARDIs) for infectious diseases, which addressed personal measures, administrative
controls, and engineering controls, was studied during 2000 to 2004. Population-based
studies in community settings (non–health care) were reviewed in detail to evaluate the
effectiveness of NOVARDIs. Budgetary and logistic factors as well as acceptance were
considered in formulating recommendations for implementation of NOVARDIs in military
training centers.

esults: Thirty-eight population-based studies contained in 35 publications were examined. Three
studies contained information on multiple NOVARDIs. Nine studies supported the use of
personal measures relating to hand hygiene. Ten studies supported administrative controls
such as cohorting military training units to reduce contact between units (4 studies),
providing adequate personal space to reduce crowding (5), and cloth barriers between
beds (1); and 14 studies supported the use of engineering controls such as increased
indoor air dilution and ventilation (2), dust suppression (4), and air sterilization (8).

onclusions: Promoting hand hygiene and reducing crowding through the provision of adequate living
space and cohorting of training units may offer benefits in respiratory disease control.
These interventions, along with UV lights and air dilution/ventilation, deserve further
evaluation in controlled studies to assess their efficacy. NOVARDIs could benefit military
and other populations living in close contact.
(Am J Prev Med 2005;28(3):305–316) © 2005 American Journal of Preventive Medicine
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ntroduction

cute respiratory disease (ARD) of infectious
origin causes substantial morbidity and mortal-
ity worldwide, and has been a frequent prob-

em in military training centers.1 Influenza caused
illions of deaths in the 1918 pandemic, and continues

o kill thousands each year.2 More recently, severe
cute respiratory syndrome (SARS) was recognized as a
ublic health threat.3 Vaccines are available for only a

ew pathogens, and may have limited efficacy; influenza
accines, for example, must target circulating viral
trains to be efficacious, as demonstrated recently when
early half the crew of a U.S. Navy ship was affected
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espite 95% of the sailors being vaccinated.4 Other
accines, such as those against adenovirus (ADV) types
and 7, were very effective in reducing ADV-associated
RD morbidity in military populations for 2 decades,
ntil production ceased in 1996. Subsequently, pre–
accine era morbidity (15% to 20% hospitalization
ates) returned.5 Replacement ADV vaccines are under
evelopment but years away from licensure. ARD vac-
ine arsenals currently consist of measles–mumps–
ubella, meningococcal, and influenza vaccines.6,7 The
otential use of pneumococcal vaccines is being as-
essed for military use.8 Despite vaccine preventive
easures, military trainee and other populations living

n close contact continue to suffer from respiratory
isease outbreaks.5,9–13

Nonvaccine ARD interventions (NOVARDIs) have
een considered since the beginning of the U.S. Army,
hen a 1777 regulation limiting to six the number of

oldiers permitted inside a tent was enacted due to
ilitary physicians’ belief that crowding caused dis-

ase.14 NOVARDIs used and considered for ARD con-

rol included antimicrobials and other medications;

3050749-3797/05/$–see front matter
Elsevier Inc. doi:10.1016/j.amepre.2004.12.010
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erbal and dietary supplements; management of work,
est, and sleep periods; handwashing; respiratory
asks; and many administrative and engineering mea-

ures to limit contact between people, and decrease the
oncentration of potentially harmful agents in the
nvironment. This study focuses on prevention of com-
unicable respiratory diseases, and NOVARDIs that
ould not significantly interfere with standard operat-

ng procedures for training programs nor require hu-
an-use study protocols (such as for a study of medi-

ations or herbal supplements). Feasible personal
ygiene, and administrative and environmental control
easures, if not cost prohibitive, could be imple-
ented in a reasonable time or included in new

uilding construction.
Nonvaccine ARD interventions in this study are cat-

gorized as personal measures (e.g., handwashing),
dministrative controls (e.g., isolating military units to
imit contact between units), and engineering controls
e.g., increased indoor air dilution ventilation). Pub-
ished and unpublished reports were studied to assess
heir potential effectiveness, the scientific rationale for
heir implementation, and feasibility for use in military
raining centers. The findings of this study may be
elevant to other populations, particularly those with
eople living in close contact, as found in educational
ettings, training camps, on ships, and in correctional
acilities.9–13 Because the military is a defined and
egimented population, it lends itself to the study of
OVARDIs. The results from military studies may be
xtrapolated to similar civilian settings. Furthermore,
he preventive measures reviewed may have an impact
n the control of other agents such as noroviruses and
ethicillin-resistant Staphylococcus aureus infections.

ethods

onvaccine ARD interventions that have been used or con-
idered were identified through communication with senior
ilitary preventive medicine officials and the study of peer-

eviewed literature, military medicine textbooks, and other
eports. Between 2000 and 2004, literature searches were
onducted through MEDLINE (1963 to 2004) and the Tech-
ical Reports Collection on the Scientific and Technical
nformation Network of the Defense Technical Information
enter (DTIC) (1974 to 2004). Other unpublished reports
ere identified by senior military officials. Bibliographies

rom identified articles, military publications, and studies in
he Armed Forces Epidemiological Board (AFEB), Falls
hurch VA, archives were also reviewed.15 Reviews focused on
opulation-based studies in communities, as opposed to
ealthcare settings. Studies that examined other outcomes
e.g., gastrointestinal diseases), were not population-based,
ere in a healthcare setting, or were not in a final report form
r available through DTIC, were excluded from this study.
owever, some excluded references served as secondary

ources of information and are mentioned in the discussion

ection of this paper. Existing scientific data, applicability, t

06 American Journal of Preventive Medicine, Volume 28, Num
easibility, and economic impact were considered for selected
OVARDIs. Recommendations were categorized using a modi-
ed classification system of the Centers for Disease Control and
revention/Healthcare Infection Control Practices Advisory
ommittee (CDC/HICPAC).16

esults

esults of the literature review are summarized in Table
, with details on study design, population sizes, and
ajor findings provided in Table 2. The search for

and hygiene studies yielded 12 studies (eight on
andwashing with soap and water,17–23 one on hand
ntisepsis with antimicrobial handwipes,24 and three on
oth handwashing and hand antisepsis through hand
ubs, gels, or handwipes).25–27 Two of the 12 studies
ere conducted in elementary schools,17,18 five in child
aycare settings, 19–21,25,26 one in a senior daycare
enter,27 and four at military recruit training sites.22–24

en were intervention trials,17–22,24–27 and two were
bservation studies.22,23 Four of the intervention trials
ested the effect of care givers’ hand hygiene on the
isease rates of care receivers,21,25–27 while the remain-
er evaluated reduction in respiratory symptoms and
elated absences post-intervention. The intervention
rials were limited in that compliance and quality of
andwashing were not quantified, and two of the trials
id not have concurrent control groups, but rather
ompared disease rates with the previous years’
ates.22,27 The observation studies were limited by their
eliance on self-administered questionnaires to deter-
ine the extent of handwashing.22,23

Overall, nine of the 12 hand-hygiene studies re-
orted that hand hygiene reduced the occurrence of
espiratory diseases.18–24,27 Three of the hand hygiene
tudies that showed a convincing effect among young
dults were conducted at military recruit training cen-
ers. Two were done at the Naval Recruit Training
enter, Great Lakes IL and published as a single
aper.22 The third was an Air Force study.24

The two Navy studies evaluated the same interven-
ion.22 The intervention included training given to
ecruits and their training staff, a mandatory policy of
andwashing at least five times a day, encouragement
f sink use, and emphasis on hand hygiene as a
riterion for personnel inspections. The first study
ound that respiratory disease rates decreased by 45%
ompared to the previous year. A sustained effect was
een for an additional year after the study ceased. In the
econd study, a cross-sectional survey of a subset of
ecruits, self-reported respiratory illness and hospital-
zation rates were higher among recruits who did not
ash their hands more than three times daily.
The Air Force study was a randomized, double-blind

linical trial of antimicrobial handwipes.24 Recruits
ere given packets of handwipes and instructed to use
hem four times daily.24 Intervention handwipes con-

ber 3
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ained parachlorometaxylenol (PCMX) and alcohol.
ontrol handwipes contained water and lemon juice.
hese were assigned randomly to training groups dur-

ng the same time period. The training groups were
imilar in all respects but had very little contact with
ach other during their 6-week training period. Initial
linic visits for ARD were 33% lower (p �0.021) and
linic visits for sore throats were 40% lower (p �0.009)
n the intervention groups.

Although evidence regarding masks as a personal
rotective measure is lacking, senior military preventive
edicine officials reported that surgical masks had

een used as a NOVARDI for military recruits. A
ewspaper article reported that the use of masks was
ssociated with declining ARD rates at Fort Benning
A, and Fort Jackson SC; however, no reports were

ound to document or quantify the effect.28

Literature regarding administrative NOVARDIs was
ound on cohorting (limiting contact between defined
raining groups to reduce disease transmission) and
educing crowding. Five observational studies con-
ained data that supported cohorting. However, these
tudies had no comparison groups and the degree of
ohorting was not measured.29–32 Five studies—one
hat included data collected at Fort Humphreys VA,33

uring the influenza pandemic of 1918–1919, three
tudies of children in other countries (including devel-
ping countries),34–36 and one from a recruit ARD
utbreak32—found an association between respiratory
isease rates and crowded conditions. The study from
ort Humphreys had incomplete controls of confound-

able 1. Interventions to prevent infectious acute respiratory

ntervention
ategory Intervention T

ersonal
measures

Hand hygiene (handwashing or
antisepsis)c

1

Respiratory masks
dministrative
controls

Cohorting—isolation or clustering of
groups or individuals

Living space allocation
“Head-to-toe” sleeping arrangement
Barriers between beds

ngineering Air dilution ventilation
controls Ventilation filter efficiency

Dust suppression (oiling floors and
blankets)

Air sterilization (glycol vapors)
Air sterilization (ultraviolet lights) 1

In peer-reviewed literature or other documents.
Centers for Disease Control and Prevention/Healthcare Infecti
ecommendations (modified):16 Category IA, strongly recommended f
linical, or epidemiologic studies; Category IB, strongly recommende
pidemiologic studies and a strong theoretical rationale; Category IC, r
tandard; Category II, suggested for implementation and supported by
ecommended by authors for future study; None, interventions witho
Three studies involved both handwashing with soap and water and
rs and incomplete density assessment. Due to the poor fi
iving conditions, the studies of children may not be
eneralized to all populations. Despite these flaws, the
onclusion from these studies was that reducing crowd-
ng would have a favorable impact on the occurrence of
RD. Medical literature queries on “head-to-toe” sleep-

ng arrangements to increase the distance between
ersonal breathing zones yielded no studies. The afore-
entioned study at Fort Humphreys discussed the use

f cloth barriers/curtains (also called “sneeze sheets”)
o form “cubicles” for separate beds; the authors at-
ribute one group’s low incidence of influenza to the
se of separation curtains. However, there was inade-
uate controls of other factors to assertively conclude a
ositive effect.
Literature regarding engineering NOVARDIs was

ound on indoor air exchanges, dilution ventilation,
ust suppression, and air sterilization. Two studies
ddressing indoor air exchanges by dilution ventilation
ere identified. A study at Fort Benning GA, published

n 1988, noted that modern, energy-efficient Army
arracks had significantly higher ARD rates than drafty,
lder barracks at the same Army post (adjusted relative
isk�1.51; 95% confidence interval�1.46–1.56).37 This
tudy, however, had little quantification of barracks’
entilation. During an ADV type-4 outbreak at Fort
enning in 2000, lack of mechanical ventilation was

ignificantly associated with infection in univariate anal-
sis; however, since no cases slept in areas with operat-
ng air handlers, mechanical ventilation could not be
ncluded in the multivariate analysis.31

No population-based studies on the impact of air

ase considered for use in military training centers

ber of population-based studiesa

Recommendationsb
Supporting
intervention

Not supporting
intervention

9 3 II and study

0 0 None and study
4 1 II and study

5 0 IC and study
0 0 II and study
1 0 None
2 0 Study
0 0 Study
4 1 None

1 0 None
7 3 Study

ontrol Practices Advisory Committee system used to categorize
lementation and strongly supported by well-designed experimental,

mplementation and supported by certain experimental, clinical, or
d for implementation, as mandated by federal or state regulation or
tive clinical or epidemiologic studies or a theoretical rationale; Study,
ficient evidence, strong supporting rationale, or lacking feasibility.
antisepsis.
dise

Num

otal

2

0
5

5
0
1
2
0
5

1
0
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equire
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lter efficiency on the occurrence of respiratory disease
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Table 2. Summary of studies of interventions to prevent acute respiratory disease

Author, yearref Population studieda
Study type and
date(s) Variable(s) studied Outcome measured Result(s)b

Personal protection—hand hygiene
Master, 197717 School children (n�305) Interventional

Jan–Feb 1996
Mandatory handwashing in

children
Respiratory illness absence No significant reduction

(RR�0.79, p�0.07)
Butz, 199025 Children in daycare (n�108) Interventional

Jan–Dec 1988
Handwashing instruction,

alcohol sanitizer use, and
other practices in care
providers

Respiratory illness
symptoms in children

No significant reduction
(OR�1.05,
95% CI�0.95–1.15)

Kotch, 199426 Children in daycare (n�371) Interventional
May–Jul 1988

Handwashing instruction,
alcohol sanitizer use, and
other practices in
providers

Respiratory illness in
children

No significant reduction
(RR�0.94, p�0.05)

Kimel, 199618 School children (n�199) Interventional Nov
1992–Feb 1993

Handwashing instruction
to children

Absence due to influenza-
like symptoms

Significant reduction
(1.8% vs 3.8% students
ill per day, p�0.01)

Niffenegger,
199719

Children in daycare (n�377) Interventional Aug
1994–Apr 1995

Handwashing instruction
to children

Colds Significant reduction (18.9
vs 27.8 colds per 100
children, p�0.05)

Gibson, 199724 Air Force recruits (n�2650) Interventional
Oct–Dec 1995

Antimicrobial handwipe
use in recruits

Clinic visits for respiratory
illness

Significant reduction (16.2
vs 24.1 visits per 100
recruits, p�0.021)

Falsey, 199927 Seniors in daycare and
providers (n��210)

Interventional Dec
1992–Mar 1996

Handwashing instruction
to care providers,
sanitizing foam

Respiratory illness in staff
and seniors

Significant reduction in
seniors compared to
previous years (5.7 vs
14.5, 12.8, and 10.4
illnesses per 100 person/
months, p�0.01)

Carabin, 199920 Children in daycare (n�1729) Interventional Sep
1996–Nov 1997

Handwashing instruction,
other practices

Absence due to respiratory
illness

Significant reduction
(IRR�0.8,
95% CI�0.7–0.9)

Roberts, 200021 Children in daycare (n�311
child-years)

Interventional
Mar–Nov 1996

Handwashing instruction
to care providers, other
practices

Respiratory illness in
children

Significant reduction in
children aged �2 years
(RR�0.90,
95% CI�0.83–0.97)

Ryan, 200122 Navy recruits (n�136,225) Interventional Oct
1995–Sep 1998

Mandatory handwashing
and other measures in
recruits

Respiratory illness in
recruits

Significantly lower rates for
2 intervention years
compared to previous
year (24.3, 22.9, vs. 42.5
visits per 1000 per week,
p�0.01)

Subset of 136,225 recruits
(n�1442)

Cross-sectional Oct
1996–Sep 1998

Handwashing frequency in
recruits

Self-report of respiratory
illness hospitalizations

Significant increase with
infrequent handwashing
(OR�10.9,
95% CI�2.7–46.2)

(continued on next page)
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Table 2. (continued)

Author, yearref Population studieda
Study type and
date(s) Variable(s) studied Outcome measured Result(s)b

Neville, 200123 Air Force recruits (n�470) Cross sectional
May 2000

Washing hands after
coughing or sneezing in
recruits

Respiratory symptoms Significant increase with
infrequent washing
(sneeze: OR�1.4,
95% CI�1.1–1.7;
cough: OR�1.7, 95%
CI�1.3–2.3))

Administrative controls—cohorting
Bloom, 196429 Marines in training and staff

(n�NA)
Cohort

Sep 1959–Apr 1963
Contact between training

units
Adenovirus-associated

respiratory illness
Lower rates in segregated

units compared to units
that mixed

Sanchez, 200130 Army recruits (n�NA) Observational
May–Oct 1997

Spread of respiratory
disease outbreaks

Respiratory illness
hospitalizations

Clustering of illness by unit
was observed

Kolavic-Gray,
200231

Army recruits (n�678) Cohort Oct–Nov 1998 Spread of respiratory
disease outbreaks

Respiratory illness
hospitalizations

Three groups followed;
outbreaks in two groups
did not spread to the
third group (RR�2.0,
95% CI�1.3–3.1)

Army recruits (n�249) Nested case–control
Oct–Nov 1998

Military unit Respiratory illness
hospitalization

No cohort effect; military
unit was not a risk factor
in multivariate analysis
(OR�0.6,
95% CI�0.3–1.2)

USACHPPM,
200032

Army recruits (n�288) Case–control
Apr–May 2000

Cohorting Respiratory illness Cohort effect was
observed; group
assignment was a
significant risk factor in
multivariate analysis
(OR�5.7,
95% CI�2.0–16.3)

Administrative controls—living space allocation
Brewer, 191833 Army soldiers (n��19,709) Cohort Sep–Oct 1918 Living space per soldier Influenza-like illness Barracks with less crowding

had lower disease rates
Tumwesigire,

199534
Children of Ugandan military

(n�152)
Cross-sectional

Jan 1994
Number of persons per

house
Respiratory illness Significantly higher rates

for more than five
persons per house
(OR�1.5, p�0.01)

Azizi, 199535 Hospitalized urban Malaysian
children (n�593)

Case–control Feb
1989–May 1990

Number of persons per
house

Respiratory illness More than five household
members was a
significant risk factor
(OR�1.5,
95% CI�1.03–2.19)

(continued on next page)
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Table 2. Summary of studies of interventions to prevent acute respiratory disease (continued)

Author, yearref Population studieda
Study type and
date(s) Variable(s) studied Outcome measured Result(s)b

Rahman, 199736 Children in Bangladesh
(n�965)

Cohort Jul–Oct 1993 Household crowding Respiratory illness Significant increase with
high-density living
(38.0% vs 62.0%,
p�0.05)

USACHPPM,
200032

Army recruits (n�288) Case–control
Apr–May 2000

Number of people per
room

Respiratory illness Sleeping density �50 per
room was a significant
risk factor (adjusted
OR�5.4,
95% CI�1.5–19.8)

Administrative controls—cloth barriers between beds
Brewer, 191833 Army soldiers (n��19,709) Cohort Sep–Oct 1918 Cloth barriers between

beds
Influenza-like illness Lower rates observed in

barracks with barriers
(25.4–74.0 vs 87.7–286.0
per 1000 soldiers)

Engineering controls—increased air-dilution ventilation
Brundage, 198837 Army recruits (n�2,633,916

recruit-weeks)
Cohort 1982–1986 Barrack type Respiratory illness

hospitalizations
Significantly lower rates in

older barracks with open
window ventilation or
without modern
ventilation (adjusted
RR�1.5,
95% CI�1.5–1.6)

USACHPPM
200032

Army recruits (n�288) Case–control
Apr–May 2000

Use of available
mechanical ventilation
in barracks

Respiratory illness No cases in barracks with
operating mechanical
ventilation (p�0.05)

Engineering controls—dust suppression (oiling)
Anderson, 194438 British troops (n��3000) Interventional Dec

1942–Mar 1943
Oil-treated floors Respiratory illness Reduction in illness (7 vs

38 cases per 1000 per
week)

CARD and CABI,
194639

Army recruits (n��2880) Interventional Oct
1944–Apr 1945

Oil-treated floors and
blankets

Respiratory disease
hospitalizations

Suggestive effect during
endemic period; no effect
during epidemic
respiratory disease period

Schechmeister,
194740

Navy personnel (n�6471) Interventional May
1945–May 1946

Oil-treated floors and
blankets

Respiratory illness Slight reduction during
periods of low incidence;
no effect during periods
of high incidence

Miller, 194841 Navy recruits (n�8515) Interventional winter
1945–1946

Oil-treated floors and
blankets

Respiratory disease
hospitalizations

No significant reduction
(2651 vs 2549 cases per
1000 per year)

Loosli, 195242 Army troops (n�24,500) Interventional
Jan–Jul 1944

Oil-treated floors and
blankets

Respiratory disease
hospitalizations

Reduction in
hospitalization (15% to
30% in two of three
groups evaluated)

(continued on next page)
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Table 2. (continued)

Author, yearref Population studieda
Study type and
date(s) Variable(s) studied Outcome measured Result(s)b

Engineering controls—air sterilization (glycol vapors)
Bigg, 194543 Men in barracks (n��2000) Interventional (date

not provided)
Triethylene glycol vapors Respiratory disease

hospitalizations
Reduction in

hospitalizations (111 vs
126 admissions per 12-
week period)

Engineering controls—air sterilization (UV lights)
Wells, 194244 School children (n�NA) Interventional 1937–

1941
UV lights in classrooms Measles, chicken pox, and

mumps
Lower risk of new cases in

rooms with lights
Schneiter 194445 Boys in dormitories (n�NA) Interventional Jul

1941–Jul 1943
UV lights in dormitories Hospital admissions for

air-borne diseases
Small decrease with lights

(2.71 vs 2.90 admissions
per 1000 per day),
researchers conclude no
considerable difference

Wheeler, 194546 Navy recruits (n��11,543) Interventional
winter/spring
1943–1944

UV lights in barracks Respiratory disease
hospitalizations

Reduction in
hospitalizations (90.4 vs
114.3 admissions per
1000 per training
period)

Perkins, 194747 School children (n��2370) Interventional Jan
1945–May 1946

UV lights in school Measles No definite effect

Miller, 194841 Navy recruits (n�8515) Interventional winter
1945–1946

UV lights and oiled
blankets and floors vs
only oiled blankets and
floors

Respiratory disease
hospitalizations

Significant reduction with
lights (1447 vs 1790
admissions per 1000 per
year, p�0.01)

Willmon, 194848 Navy recruits (n�NA) Interventional winter
1944–1945

UV lights in barracks Respiratory disease
hospitalizations

20% reduction in
intervention group;
researchers did not
define significance

Langmuir,
194849

Navy recruits (n�5676) Interventional winter
1946–1947

UV lights in barracks Respiratory disease
hospitalizations

Reduction in
hospitalizations
(endemic: 4.9 vs 9.5
admissions per 1000 per
week; epidemic period:
69.6 vs 85.6 admissions
per 1000 per week)

Wells, 195050 Children (n�2238) Interventional Jan
1946–Jun 1949

UV lights in schools and
other public areas

Measles and chicken pox Slower spread of disease
with UV lights

Gelperin 195151 School children (n�2458) Interventional 1948–
1950

UV lights in school Respiratory illness No significant reduction
(33.0 vs 35.0 cases per
100 children; p�0.05)

Menzies, 200352 Office workers (n�771) Interventional Jul
1999–Jul 2000

UV lights in ventilation
system

Self-reported respiratory
symptoms

Significant reduction
(OR�0.5
95% CI�0.4–0.9

aPopulation size was not always specifically stated (e.g., “approximately 70”)27; in some reports the population size was not given but could be calculated from other data provided. Population sizes
not specifically defined by the author(s) are preceded by a tilde (�).
bWhen available, pertinent rates, ratios, and p values are provided.
CARD, Commission on Acute Respiratory Diseases; CABI, Commission on Air-Borne Infections; USA CHPPM, U.S. Army Center for Health Promotion and Preventive Medicine; 95% CI, 95%
confidence interval; IRR, incidence rate ratio; NA, not available; OR, odds ratio; RR, relative risk; UV, ultraviolet.
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ere found. Five studies evaluating the impact of dust
uppression were identified.38–42 Oiling of floors and
lankets were associated with a reduction in respiratory
isease in four studies.38–40,42 Oiling failed to prevent
RD outbreaks in the fifth study.31

One population-based study demonstrated a positive
ffect from air sterilization using glycol vapors.43 Ten
opulation-based studies of air sterilization using ultra-
iolet (UV) lights were identified41,44–52: Three were
onducted in schools,44,47,51 four in military training
ettings,41,46,48,49 one in an entire community,50 one in

dormitory,45 and one in office buildings.52 Seven
tudies supported UV lights as a means to reduce ARD
ates,41,44,46,48–50,52 although the measured effects in
wo studies were small.44,50 It was concluded from the
our military studies41,46,48,49 that larger effects were
bserved only with high UV irradiation, and the effect
as considered to be too low to recommend its use.48

iscussion
ersonal Measures

here is considerable evidence to support hand hy-
iene as an effective intervention to prevent gastroin-
estinal diseases and nosocomial infections.53 Hand-
ashing is strongly recommended for control of
espiratory syncytial virus (RSV),54 and has been advo-
ated by the CDC to prevent SARS in healthcare and
ommunity settings.3 However, as was found in this
tudy and as suggested elsewhere,16,55 epidemiologic
vidence is limited to support handwashing as a means
o prevent general ARD in community settings.55 Nine
f 12 reviewed studies supported some form of hand
leansing, but studies with concurrent control groups
hat monitored compliance and quality of hand cleans-
ng were lacking.

Hand antisepsis refers to the application or use of
and rubs, gels, foams, or premoistened towelettes
handwipes) that use various chemicals as active ingre-
ients.16 In December 2002, the CDC updated their
ecommendations for hand hygiene in healthcare set-
ings to include hand antisepsis.16 Use of alcohol-based
and rubs, which are effective against a variety of
acteria and viruses, are endorsed in the healthcare
etting as either a supplement to traditional handwash-
ng or as a primary means of hand hygiene if hands are
ot visibly soiled. These recommendations are based on
ell-designed experimental, clinical, or epidemiologic

tudies (Category IA). Authors of these recommenda-
ions point out studies that show plain soap failing to
emove organisms, and the possibility of contamination
f soap or soap dishes.16 One study concluded that
andwashing was generally less effective than hand
ubs.56 Another review of hand antiseptics and viruses
ound experimental evidence demonstrating that some

ormulations of hand rubs, particularly those with alco- C

12 American Journal of Preventive Medicine, Volume 28, Num
ol, outperformed regular handwashing.57 Studies of
n alcohol-based hand rub found a decrease in school
bsenteeism and infections in an extended care facility
hen hand rubs were made available; however, the
ffect on respiratory disease could not be determined
ince the studies did not analyze absenteeism by
ause.58–60 As demonstrated in a study of Air Force
ecruits, handwipes with PCMX are effective against
RD,24 in spite of the CDC recommendations on hand
ygiene for healthcare workers, which states that anti-
icrobial-impregnated wipes are not as effective as

and rubs.16

Personal protection in the form of surgical masks is
ecommended for isolation precautions for airborne
nd droplet transmission in hospitals.61 For diseases
ransmitted by droplets, masks are recommended for
usceptibles who come within 3 ft of infected patients.61

hese isolation precautions are not based on experi-
ental, clinical, or epidemiologic studies, but on

trong rationales and suggestive evidence. Surgical
asks are used to prevent tuberculosis (TB)61 transmis-

ion (worn by patients outside their isolation rooms),
nd masks may also be recommended in cases where
he route of transmission is uncertain, such as during
he SARS outbreak in 2003.3 There is evidence that
earing surgical or well-fitted respiratory masks (in
ddition to other infection control measures) lowered
he risk of SARS in healthcare settings in Hong Kong
nd Toronto in 2003.62–64

Filters that can capture particles as small as 1 micron
n size, with a minimum filter efficiency of 95%, are
sed in commercial respirators tested and certified by
he National Institute for Occupational Safety and
ealth as N95 respirators.65 N95 respirators are recom-
ended for tuberculosis, rubeola (measles), and vari-

ella (chickenpox) control in clinical settings.61,65 Sus-
eptible people should wear an N95 respirator on
ntering a room with a patient known or suspected to
e infected with any of these pathogens.61,65

The use of masks or respirators in military training
enters to prevent ARD has not been documented. Sur-
ical masks have been used as a NOVARDI to prevent
RD in military training; however, there are no formal

eports on their efficacy.28 In 1942, the AFEB’s Commis-
ion on Influenza discussed the possible impact of masks
n respiratory disease prevention and recommended use
f a gauze-covered mask with a Canton flannel filter and
exible nose band. It is unclear how this intervention was

ntended to be implemented.66 Today, masks are not
outinely given to U.S. military trainees.

dministrative Controls

dministrative controls do not rely on the compliance
nd diligence of individuals. They involve policy imple-
entation that may be easier to enact and sustain.

ohorting, which attempts to limit transmission by

ber 3
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ecreasing the number of susceptible individuals with
hom an infected individual might come in contact, is
outinely used in hospital infection control.61 For pa-
ients with diseases where airborne and droplet precau-
ions are necessary, and private rooms are not available, it
s recommended that an individual patient be grouped
ith other patients who have the same active infection
ith the same microorganism, but no other infections.61

Outside a healthcare setting, identification of in-
ected individuals is not possible. A different method of
ohorting, which is practiced in military basic training
enters, involves minimizing contact between training
ompanies of approximately 100 to 200 people. Popu-
ation-based evidence for the effectiveness of cohorting
as observed during Marine initial entry training, but
ot later in advanced training, when companies had
ore contact with other companies.29 Evidence of the

ffect of cohorting is suggested by the way clusters of
ases occur during initial entry training. In two out-
reaks in 199730 and 199831 at Fort Jackson SC, com-
any-specific attack rates and temporal progression of
DV-associated ARD cases supported the spread of

nfection by cohorts. Thus, interruption of outbreaks
ay be possible if contact between members of sepa-

ate training companies could be avoided early. In an
DV type-4 outbreak in 2000 at Fort Benning,32 the

nvolvement of only one training company, atypical of
revious ADV type-4 outbreaks, may have been ex-
lained by the limited degree of interaction by mem-
ers of that company with other trainees at the time.
hile cohorting may seem like an attractive control
easure, current training structures (barracks, class-

ooms, dining, recreational, and medical facilities) may
ake it difficult to effectively isolate groups from one

nother for a significant amount of time.
Crowding is a fundamentally accepted risk factor in

he transmission of infectious diseases,61 and adminis-
rative control measures have often focused on increas-
ng space between individuals through an increased
rea around beds, “head-to-toe” sleeping, fabric or
ther barriers between beds, and cohorting. Currently,
vercrowding, especially during the summer surge
hen large numbers of high school graduates enter
ilitary training, may be a problem. The Army Medical
epartment has historically recommended adequate

iving space to decrease the spread of infectious dis-
ases even though the definition of “adequate” is
ebatable.14 Despite this long-standing concern, popu-

ation-derived evidence supporting “adequate” space is
acking. Recommendations for space and ventilation
ating back to 1772 are not based on controlled studies
r well-designed observational studies, but rather on
heory, expert or personal opinions, or limited obser-
ation.14,67 In 1924, examining data from the influenza
andemic during World War I, Army Medical Depart-
ent reviewers established standards of 60 ft2 of floor
pace and 720 ft3 of area per person in barracks.14,67 i
ata from Camp Humphreys VA, supported these
ecommendations, although data from other posts
ere less convincing.33 The current space allocation
uidelines specify 72 ft2 of floor space per soldier, with
minimum of 55 ft2 that can be reduced to 40 ft2 in

emporary emergency situations.14,68 These require-
ents exceed the standards set by the American Society

f Heating, Refrigerating and Air Conditioning Engi-
eers, Inc. (ASHRAE) of 50 ft2 per person.69 CDC
ospital guidelines for bed spacing recommend at least
ft between infectious and susceptible patients when

rivate isolation rooms are not available.61

Sleeping head-to-toe, which involves alternating bed
rrangements so that troops sleep in a line of bunks
lternating head and foot positions, increases the dis-
ance between breathing zones. This practice makes
ense and does not involve any additional cost or
esources. However, there are no studies to support its
fficacy.70 Cloth or other barriers between beds are
eant to interrupt droplet particle dispersion gener-

ted from sneezes and coughs. Cloth barriers are
iscussed in Army medical history, but there are no
ontrolled studies supporting their use.70

ngineering Controls

ngineering controls are generally considered more
eliable than other intervention categories since they
o not require individual compliance or enforcement
f administrative policies. However, these are often
esource intensive. The most practical place to imple-
ent engineering measures at training sites is in new

onstruction of barracks and other facilities for train-
es. The amount of disease agent transmission that
ccurs in the barracks, compared to other military
raining environments is unknown.70 Because the oc-
urrence of respiratory disease is thought to be related
o the amount of contagion in the air,71 engineering
ontrols such as increased air dilution and ventilation,
ltration, dust suppression, and air sterilization, which
ttempt to decrease the concentrations of microorgan-
sms in the air, theoretically constitute effective
OVARDIs.
One of the first documented engineering preventive
easures was dust suppression through oiling of wood
oors and wool blankets. It was introduced during
orld War I, and later studies found that this practice

educed organisms in the air by 75% to 90%,15 result-
ng in some reduction in respiratory illness.38,39,40,42

tudies conducted among soldiers in 1944 to 194539

nd sailors in 1945 to 1946,40 however, failed to docu-
ent a beneficial effect from the oiling of blankets and
oors during ARD outbreaks. By comparison, investi-
ations at Camp Carson CO found ARD reductions in
ome, but not all groups studied.42 Later laboratory
tudies demonstrated that contaminated dust did not

nduce respiratory illness, and interest in dust suppres-

Am J Prev Med 2005;28(3) 313



s
p
m
e
b
c

i
d
s
I
o
h
t
m
c
p
b
o
b
f

a
t
s
fi
9
s
r
w
m
n
s
h

m
c
p
s
s
s
t
b
o
H
c
e
r

m
a
r
(
d
e
s
e

l
d
i
s
s
t
c

C

D
s
h
a
p
s
c
c
t
i
a
e
i
m

f
s
H
i
u
o
d
s
m
d

d
h
l
m
s
d
e
t

l
r
T
w
i
a
m
t
h
t
t

3

ion declined.15 Floors and other surfaces in contem-
orary buildings should be less conducive to the accu-
ulation of dust. Frequent thorough cleaning of

nvironmental surfaces and personal items such as
lankets should be expected to minimize airborne dust
oncentrations.

Optimum ventilation standards remain an item of
nterest. Unfortunately, the two studies that supported
ilution ventilation as a NOVARDI were observational
tudies that did not identify a measurable standard.
ncreasing dilution of indoor air can be achieved by
pening windows and doors or by installing effective
eating, ventilation, and air conditioning (HVAC) sys-

ems. ASHRAE recommends 15 ft3 of outdoor air per
inute per person, and further states that indoor

arbon dioxide measurements greater than 700 parts
er million above outdoor air concentrations will make
uilding occupants uncomfortable with respect to
dors generated.69 ASHRAE standards are comfort
ased, but this industry-accepted standard should be
ollowed in the absence of health-related standards.

Decreased pathogen load in the air can also be
chieved by filtration. The percentage of contaminants
hat can be removed by commonly used filters may be
mall. However, high-efficiency particulate air (HEPA)
lters, which have a minimum removal efficiency of
9.97% of particles �0.3 microns in diameter,65 could
ubstantially sequester bacterial ARD agents, which
ange in size between 0.4 to 1.5 microns, and viruses,
hich range between 0.07 to 0.4 microns.72 In experi-
ents, HEPA filters have effectively reduced contami-
ation.71 Unfortunately, controlled, population-based
tudies using HEPA filters or regular filters in a non-
ealthcare setting were not found.
Air sterilization has been studied using two principal
ethods, each tested in population-based studies: gly-

ol esters and UV lights. In the 1940s, ethylene and
ropylene glycol vapors were tested as methods for air
terilization.15,43,70 These experiments demonstrated a
ignificant reduction of air bacterial content when
mall concentrations were applied as aerosols. Addi-
ionally, studied children’s hospital wards and military
arracks had lower respiratory disease rates with the use
f glycol vapors compared to untreated controls.15

owever, with today’s heightened concern about
hemical exposures and the possibility of harmful side
ffects, use of these vapors in recruit barracks is not
ecommended.

Ultraviolet light irradiation, an air disinfection
ethod, has been tested and used since the 1940s,73

nd is recommended by the CDC for TB isolation
ooms in conjunction with other control measures
e.g., negative pressure and HEPA filters).65 While the
ocuments found in this study demonstrated some
ffect, in most cases the effect was only slight or
uggestive. Taking into consideration cost and the

xpected benefit, the military has not considered UV i

14 American Journal of Preventive Medicine, Volume 28, Num
ights to be practical.15,48 A well-conducted recent study
emonstrated reductions in work-related symptoms,

ncluding respiratory symptoms for office ventilation
ystems irradiated with UV lights.52 Most military re-
earch on UV was conducted in the 1940s; thus, con-
emporary evaluations of UV lights in military training
enters need to be undertaken.

onclusions and Recommendations

espite limited population-based data regarding per-
onal preventive measures, evidence for the use of
andwashing, and hand antisepsis in cases where soap
nd water are not available, is encouraging. Given its
roven efficacy in the healthcare industry, hand anti-
epsis may be justified, even with its concomitant in-
rease in cost.16 Masks or respirators vary in quality and
ost, and there is inadequate evidence to recommend
heir use in community settings in the absence of an
mminent threat. Considering the realistic possibility of
n emerging infectious agent for which there is no
ffective vaccine or antimicrobial drug, such as a novel
nfluenza strain, population-based studies of masking

ust be seriously considered.
To the greatest degree possible, inexpensive and

easible administrative controls such as cohorting
hould be practiced to prevent the spread of disease.
ead-to-toe sleeping, despite lacking supporting stud-

es, is a “no-cost” intervention that should be contin-
ed.70 There is inadequate evidence to recommend use
f cloths or similar barriers. Although population-based
ata on adequate sleeping space is sparse, existing
tandards should be followed and living space arrange-
ents must be taken into consideration and evaluated

uring respiratory disease outbreak investigations.
Although theoretical support and experimental evi-

ence exist for adequate dilution ventilation, the use of
igh-efficiency air filters, and air sterilization by UV

ights, there is inadequate evidence to support recom-
endations for these controls at this time. ASHRAE

tandards are the accepted industry standards for in-
oor air quality and should still be met, but there is no
vidence to justify implementation of measures beyond
hese standards.

This study focused on prevention interventions re-
ated to personal hygiene and administrative and envi-
onmental controls for infectious respiratory diseases.
he list of potential NOVARDIs is extensive and many
ere not considered in this report. For example, cleans-

ng of common surfaces and management of symptom-
tic personnel were not evaluated. Before the 1990s,
ilitary medical treatment facilities had liberal hospi-

alization policies for ARD. These policies, however,
ave been significantly modified in recent years with

he advent of managed care. The question of whether
his change influenced the spread of respiratory disease

s in debate.74 Other prevention interventions that were

ber 3
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ot reviewed in this study include medications, supple-
ents, and alternative medicine interventions (e.g.,

itamin C, zinc, and Echinacea). This study reviewed
nd referenced some policy documents from the U.S.
rmy; however, instructions and polices from the other
ilitary services were not included. The literature

eview for this study may have also missed relevant
eports due to differences in keyword search phrasing,
nd specificity in choosing only population-based stud-
es. Nevertheless, it can be concluded that robust,
opulation-based evidence is lacking for the NOVAR-
Is examined. Most potential methods for interrupting

he transmission of respiratory disease agents are not
ell understood or documented. Therefore, designing

tudies to evaluate NOVARDIs is challenging. Compli-
ating factors include low infecting dose,75 varying
egrees of communicability for different pathogens,76

nd multiple modes for transmission.77

Recommendations for the implementation of NO-
ARDIs rest on theoretical or experimental evidence,
s well as on logistical and economic practicality. Logis-
ic and economic practicality will vary based on many
actors including facility infrastructure. NOVARDIs

ust be considered as an option for intervention, but
hould not detract from efforts in the military to
e-establish adenovirus vaccination control policies, im-
rove the effectiveness of influenza campaigns, imple-
ent or encourage the use or development of other

accines for other respiratory diseases, or provide for
apid diagnostic tests that will direct prompt appropri-
te treatment and could limit transmission. The threat
hat a highly transmissible, highly virulent respiratory
isease agent can present, such as SARS-associated
oronavirus, and for which there is no effective vaccine
r antimicrobial drug, requires both military and civil-

an leaders to give NOVARDIs much greater consider-
tion in community settings than has been traditionally
iven. Further study of NOVARDIs, to include analysis
f cost and benefits derived, is warranted.
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