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Varicella outbreaks in the U.S. Army disrupt training, reduce
readiness, and represent substantial costs. Vaccination of
susceptible individuals may be cost-effective. We conducted a
cost-effectiveness analysis comparing screening of all incom-
ing recruits and vaccination of susceptible individuals at ei-
ther initial entry training (IET) or medical entrance processing
station (MEPS), universal vaccination at IET, and no interven-
tion. Primary health outcomes included the number of vari-
cella cases prevented during the 8-week initial training period.
The varicella hospitalization rate was 21.6 per 10,000 per year.
In 100,000 recruits, 36 cases of varicella are expected at a cost
of $181,000 in the absence of an intervention. Screening at IET
would prevent 4 cases but would cost an additional $3,255,000
more than no intervention. Screening at MEPS would prevent
3 cases and save $521,000 per case prevented during the IET
but would cost $2,734,000 more than no intervention. Univer-
sal vaccination would prevent 2 cases but would cost
$15,858,000 more than MEPS screening and $18,592,000
more than no intervention. These results are robust. Cost per
case of varicella prevented ranged from $390,000 to $7.9 mil-
lion. Scarce prevention resources could be more cost-effec-
tively allocated to other prevention programs.

V aricella infections represent significant morbidity in young
adults.! Clinical disease necessitates isolation from suscep-
tible individuals and observation for high fever.! The Centers for
Disease Control estimates 10,000 hospitalizations for varicella
each year, with a complication rate of 8 per 1,000 hospitaliza-
tions and a fatality rate of 2.7 per 100,000 hospitalizations.%3
Seroprevalence studies conducted in the late 1980s found
that 8.8% of new Army recruits lacked sufficient antibody titers
to provide protection against varicella disease.* Varicella is
transmitted during part of the subclinical phase of infection;
thus, infected individuals can transmit varicella to a large num-
ber of individuals before infection is detected. Between 1990 and
1997, 3,705 cases of varicella disease were reported and re-
sulted in hospitalization in the Army.5 The overall incidence for
this period was 87.9 per 100,000 soldiers per year. Other mili-
tary services report varying incidence rates of varicella.6”
Varicella outbreaks in the U.S. military can disrupt training
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schedules, reduce readiness, and significantly increase medical
care costs. Consequently, implementation of a vaccine program
to protect against varicella disease has been suggested as a
potential strategy to avert the costs and morbidity associated
with varicella disease during initial entry training (IET).!356

To estimate the health and economic consequences of differ-
ent prevention strategies against varicella disease in newly en-
listed Army recruits, we conducted a cost-effectiveness analysis
and compared two different screening and vaccination policies
and a no-intervention policy. Interventional strategies were an-
alyzed as they would be implemented under current training
and medical care standard operating procedures. This analysis
evaluates vaccine cost-effectiveness in a training environment,
not only in terms of medical costs but also in terms of lost
productivity in training to the military.

Methodology

Model Characteristics

A computer-based, decision analytic probability model (DATA
3.0 TreeAge, Williamstown, MA) estimated the cost-effectiveness
of four prevention strategies: (1) antibody screening at the mil-
itary entrance processing station (MEPS) and vaccination at the
IET reception battalion for individuals found to be susceptible;
(2) both antibody screening and vaccination at IET for individ-
uals found to be susceptible; (3) vaccination for all incoming
recruits at IET; and (4) no vaccination,

Morbidity rates and total costs were estimated. The outcomes
associated with each policy were measured as the expected
vaccination costs, the direct and indirect medical and military
training costs, the associated number of varicella cases (Inter-
national Classification of Diseases, Ninth Revision {ICD-9] code
052.9) assessed as hospitalizations prevented, and the associ-
ated number of varicella complications (ICD-9 codes 052.1,
052.7, and 052.8) assessed as hospitalizations prevented. Ad-
verse events, including fever and rash resembling varicella dis-
ease, have been reported with use of the vaccine {(Varivax pack-
age insert, Merck and Co., West Point, PA). These events would
require hospitalization during the military IET period. Conse-
quently, these events were included in the model as non-vari-
cella morbidity, and the costs of required treatment were con-
sidered within the vaccine cost.

Reference case cost and probability parameters, as well as the
ranges used in sensitivity analyses, were based on published
studies, military surveillance data for varicella-related hospital-
izations, training protocol records, accounting and financial re-
ports, reimbursement databases, and the expert opinions of
military preventive medicine clinicians.

Approximately 99,900 new recruits enter the Army each year
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(U.S. Army Training and Doctrine Command [TRADOC], Fort
Monroe, VA, 1998). The results of the final model were extrap-
olated to 100,000 recruits from a 1-year analytic horizon for 8
weeks of basic training per individual. The cost figures pre-
sented were rounded to the nearest $1,000, and morbidity es-
timates were rounded to the nearest case.

Event Probability and Cost Estimates

All costs and cost ranges were calculated in 1996 U.S. dollars
using a 5% annual discount rate (Table I). There are several
screening assays available. The reference case modeled use of
the ELISA-STAT antibody test, with reported sensitivity of
86.1%, specificity of 98.6%, and a military cost of $11.24 per
test (including clinic and pathology personnel, supplies, speci-
men transportation, and assay cost [LTC Hendrix and MAJ
Harms, Fort Jackson, South Carolina, and LTC Wilson, LTC
McAfee, and SSG Sondgeroth, Fort Leonard Wood, Missouri,

-
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personal communication, 1998]).48 The timing of the adminis-
tration of the first dose of the vaccine will affect the prevention
potential of the vaccine as a result of delayed onset of protective
antibody levels. Consequently, two sites for implementation of
the screening component were considered, the MEPS and the
reception battalion of IET. If screening were implemented at the
MEPS, the vaccine could be administered to susceptible recruits
within 48 hours of arrival at IET. In this manner, protective
antibodies would develop by week 4 (Varivax package insert).
Assuming no antibody formation until after week 4,°-!! individ-
uals exposed to varicella would develop varicella disease until
week 4. Considering an average 2-week incubation period, clin-
ical disease would occur only after week 6. If screening were
conducted at IET, administration of vaccine would be delayed as
a consequence of screening test processing, and clinical disease
would not be prevented until after week 7. In the universal
vaccination strategy (similar to the MEPS screening strategy),

TABLE 1
RISK OF EVENTS AND COST ESTIMATES MODELED IN THE REFERENCE CASE (ALL COSTS ARE IN 1996 DOLLARS USING A 3%
DISCOUNT RATE)
Event
Variable Probability Cost Source
Varicella Hospitalization Rate (IET, 8 weeks) 21.6/10,000 TRADOC, MEDCOM
person-years
1 month 34.9% MEDCOM
2 months 65.1% MEDCOM
Antibody screening (ELISA-Stat) $11.24 LTC Hendrix,
{range, $7-$14) Fort Jackson, SC,
and SSG Sondgeroth,
Fort Leonard Wood,
MO, 1998
Sensitivity 86.1% 2,4
Specificity 98.6% 2,4
Observed susceptible 8.8% 4
(7.4%-10.3%)
Vaccine effectiveness $29.832 Varivax insert and
SSG Sondgeroth,
Fort Leonard Wood, MO
Dose 1 75%
Dose 2 (cumulative 99.7%
Adverse events
Fever (1 minimal care ward day) $105 Varivax insert,
MEDCOM, 12
Dose 1 4.7%
Dose 2 8.6%
Rash (1 inpatient bed day) $659 Varivax insert
and MEDCOM
Dose 1 5.5%
Dose 2 0.9%
Outpatient visit (TMC) $58 12
Sequelae costs (conditional on varicella disease)
Varicella inpatient 100% $659/day MEDCOM
(5.4 inpatient bed days) (range, $659-$1,101)
Total $3,558.60
Death with uncomplicated varicella 3.1/10,000 $1,000,000 14
Complications 33.3/10,000 $672/day 16, MEDCOM
(7.3 inpatient bed days) : {range, $672-$1152)
Total $4,905.60
Death with complicated varicella 1,000/10,000 $1,000,000 14
Training day $139 TRADOC

9629.75 cost and $0.08 supplies; $1.17 administration cost added for MEPS strategy; $58 added for clinic visit for IET strategy.
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recruits would receive the vaccine within 48 hours of arrival,
and first-dose protection would be achieved after week 4 and
disease would be prevented after week 6.

The varicella vaccine Varivax is a two-dose, live attenuated
varicella-zoster virus. Each dose costs the military $29.75 for
the vaccine. Supplies to administer the vaccine (e.g., hypoder-
mic jet injection apparatus) would cost an additional $.08 per
dose (SSG Sondgeroth, Fort Leonard Wood, Missouri, personal
communication, 1998), and administration itself would cost
$1.17, for a total vaccine cost of $31. Under the vaccinate-all
and the MEPS screening strategies, the first dose of varicella
vaccine would be administered during in-processing as part of a
vaccination series. Consequently, minimal time would be re-
quired for the first dose of vaccine, for a cost of $1.17 (median
cost for a specialist E-3) (MAJ Hewitson, Fort Leonard Wood,
Missouri, personal communication, 1999). However, the second
dose of the vaccine would require a clinic visit, at a cost of $58
(Troop Medical Clinic [TMC], Fort Jackson, South Carolina).!?
The IET strategy would require a clinic visit for the first and the
second dose. The vaccine is effective in causing development of
protective antibodies against varicella disease in 75% of vacci-
nated individuals after week 4 and in 99.7% of individuals after
the second dose (Varivax package insert).

Morbidity and Cost-of-Illness Estimates

The most current morbidity data were used. In 1997, approx-
imately 99,930 recruits entered IET (the first 8 weeks of train-
ing), accounting for 16,655 person-years (TRADOC). During this
period, 241 cases of varicella were reported, 36 of which oc-
curred during IET (TRADOC, U.S. Army Medical Command
[MEDCOM] Headquarters, Fort Sam Houston, Texas, 1998). All
individuals with varicella during IET were hospitalized, result-
ing in a varicella hospitalization rate of 21.6 per 10,000 recruit
person-years.' A seroprevalence study by Kelley et al. showed
that approximately 8.8% of new recruits lack protective antibod-
ies.* We used this seroprevalence to calculate an incidence rate
of 4.1 per 1,000 susceptible recruit person-years. Approxi-
mately 35% of the cases will occur within 4 weeks of training.
Vaccination provides no protection for these individuals be-
cause it is likely that they will not have developed protective
antibodies during those 4 weeks. Additionally, considering a
2-week incubation period, varicella disease occuring in weeks 5
and 6, contracted during week 4, also would not be prevented.
Vaccination would prevent clinical disease only during weeks 7
and 8 if vaccine is administered within 48 hours of arrival at IET.
Assuming an even distribution of cases during the second
month of IET, 32.6% of all cases occurring during IET would be
affected by the MEPS screen strategy and 16.4% of all cases
occurring during IET would be affected by the IET screen strat-
egy. The vaccinate-all strategy would affect the same 32.6% as
the MEPS screen strategy.

The vaccine is reportedly associated with mild to moderate
adverse reactions, including fever, injection site complaints, and
localized or generalized varicella rash (Varivax package insert).
Adverse events included in the model were limited to fever and
generalized varicella-like rash. Other complaints are mild in
nature and most likely would not require clinical care. Of vac-
cinated individuals, 10.2% would experience a fever greater
than 100°F. These individuals would require a 1-day inpatient
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stay in a minimal care unit at a cost of $105 per day (MEDCOM,
1997).2 Additionally, 5.5% of all vaccinated individuals would
experience a generalized varicella-like rash. This presentation,
albeit milder, closely imitates natural varicella disease, and af-
fected individuals would be hospitalized for 1 day of observation
at a cost of $659 (MEDCOM, 1997). Additionally, adverse events
associated with vaccination would incur one outpatient visit at
a cost of $58 per visit to the TMC.? To avoid repeated consid-
eration of adverse events, the model estimated that the 5.5% of
individuals experiencing generalized rash also would have ex-
perienced fever. The percentage experiencing only fever was
arrived at by subtracting 5.5% from 10.2% to get 4.7%. The
4.7% would require admission to a minimal care ward. The
second dose is associated with an 8.6% fever rate and a 0.9%
rash rate.

Disease-associated costs included both training and medical
costs. The cost of training includes the costs of operating the
military installation where the training is conducted (e.g., the
expense of public safety and other services such as those pro-
vided in towns and municipalities) and the actual costs of the
training programs (e.g., instructor wages and instructional ma-
terials). The military training cost was estimated as the cost of
lost productivity as a result of hospitalization (wages paid the
soldier during the period of nonproductivity), direct training-
associated costs (wages for instructors, training support per-
sonnel, and training supplies attributed to training each re-
cruit), and indirect training-associated costs (the utilities and
military installation services attributed to each trainee). Train-
ing cost data for each site were obtained from TRADOC, and the
total cost per day was calculated as $139 (TRADOC, 1997).

The medical cost savings resulting from prevented hospital-
ized episodes of varicella disease were calculated as 5.4 inpa-
tient bed days and one associated outpatient visit prevented.
Direct bed-day costs include physician, nurse, and clerical sal-
aries and supplies. Indirect bed-day costs include ancillary
costs (e.g., laboratory services, pharmacy services, radiology
services), support costs (e.g., hospital administration, utilities,
maintenance, transportation, housekeeping), and a pooled pro-
rated cost for shared facilities. These cost data were obtained
from MEDCOM and assessed across all work centers and all
Army bases for all admissions associated with ICD-9 code
052.9, for a total cost per bed day of $659 for varicella disease.

Complications associated with varicella disease in adults in-
clude varicella pneumonia, secondary bacterial infections, and
varicella encephalitis.’*-17 An estimated 26.7 cases of varicella
pneumonia and 3.3 cases of varicella encephalitis will occur per
10,000 varicella infections.’® Hospitalizations associated with
varicella complications obtained from MEDCOM and assessed
across all work centers and all Army bases for all admissions
associated with ICD-9 codes 052.1, 052.7, and 052.8 averaged
7.3 inpatient bed days, for a total cost per bed day of $672, and
one associated outpatient visit ($58) (MEDCOM, 1997).12

The mortality rates associated with uncomplicated varicella
disease in adults have been reported to be as high as 3.1 per
10,000 infections,'® with a reported 10% to 30% of complica-
tions resulting in death.!® An estimated cost of $1 million was
associated with any varicella-related death, regardless of age or
sex.2!
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Results

Based on an annual incoming male and female population of
100,000 in IET for 8 weeks, in the absence of a varicella preven-
tion program, 36 cases of varicella would develop (Table II) at a
cost of 85,028 in medical and training costs per diseased indi-
vidual, for a total cost of $181,000 (Table III). Alternatively, an
IET screening and vaccination strategy would prevent 4 cases of
varicella, 0.013 complications, and 0.003 deaths. The IET
screening strategy would cost a total of $3,436,000, or approx-
imately $3,255,000 more than the no-intervention strategy.
This represents an incremental cost of $813,750 per varicella
case prevented over no intervention. A MEPS screening and IET
vaccination strategy would prevent an additional 3 cases of
varicella, 0.010 complications, and 0.002 deaths. The MEPS
screening strategy would cost a total of $2,915,000, or $521,000
less than the IET screening strategy. This represents an incre-
mental savings of $173,667 per case of varicella prevented over
the IET strategy. The universal vaccination strategy would pre-
vent an additional 2 cases of varicella, 0.007 complications, and
0.001 deaths. The universal vaccination strategy would cost a
total of $18,773,000, or $15,858,000 more than the MEPS
screening strategy. This represents an incremental cost of
$7,929,000 per case of varicella prevented.

Pairwise comparisons for each strategy are presented in Table
IV. MEPS screening would cost $390,571 per case of varicella
prevented over the no-prevention strategy. Universal vaccina-
tion would cost $2,065,778 per case of varicella prevented over
no intervention and $3,067,400 over the IET screening strategy.

Univariate Sensitivity Analyses

Sensitivity analyses independently ranging the values used in
the model do not result in significant changes in the cost-effec-
tiveness of the strategies. Even if the costs of vaccine and vac-
cine administration were both independently varied to no cost
(80), the cost-effectiveness conclusions were not affected be-
cause of the cost of side effects and the limited ability of the
vaccine to prevent disease during the 8 weeks of IET. Similarly,
as the cost of screening was varied toward $0, the conclusions
were not affected. If the risk of side effects associated with
vaccination approached zero, the cost-effectiveness conclusions
were not affected. If the costs of hospitalization for varicella
disease or complications were varied to their upper range of
$1,101 and $1,152, respectively, the cost-effectiveness conclu-
sions were not affected. If the probability of complications with
varicella disease or the chance of death with disease or compli-
cations were varied to 0.10 and 0.10, respectively, the cost-
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effectiveness conclusions were not affected. If the costs associ-
ated with death were varied up to $1 billion, the cost-
effectiveness conclusions were not affected. Even if the vaccine
were 100% effective or the screening assay were 100% sensitive
at identifying disease, the cost-saving conclusions were not af-
fected. If the incidence rate of 24.6 per 1,000 susceptible re-
cruits were increased by four times to 98.4 per 1,000 suscepti-
ble recruits, the results were not affected. Even if all recruits
were susceptible to varicella disease, the cost-effectiveness con-
clusions were not affected.

Multivariate Sensitivity Analyses

In multivariate sensitivity analyses, the impact of variations
in vaccine characteristics and vaccine administration were eval-
uated. If the risk of adverse events requiring clinical attention
approached zero risk and vaccination administration did not
include a clinic visit, the cost of the IET screening strategies
would decrease by $2,136,000, the MEPS by $1,110,000, and
the universal vaccination strategy by $12,554,000, yet the no-
prevention strategy still would provide the lowest cost. If the
delay in the development of protective antibody approached zero
(i.e., vaccine protection provided at time of vaccination), the cost
of the IET strategies decreased by $95,000 and the MEPS by
$77,000, and they each prevented 23 cases of varicella over no
intervention. Similarly, the cost of the universal vaccination
strategy decreased by $89,000 and prevented 27 cases of vari-
cella over no intervention. However, the cost of screening and
vaccination still exceeded that required for the treatment of
cases of varicella and their complications.

Consideration of Herd Immunity

~ Each year, the Army loses approximately 30% of its active
duty soldiers as a result of people retiring, leaving the Army after
their tour of enlistment/duty, medical separations, etc. If we
were to begin a recruit varicella screening/vaccination strategy,
100% of the Army would not be affected by the strategy instan-
taneously. After 1 year, the Army could be divided into an un-
screened/unvaccinated regular Army cohort (70%) and a
screened/vaccinated recruit cohort (30%). Continuing these
calculations, after 6 years, only 11.8% of the original un-
screened/unvaccinated cohort would be left in the active Army.
The rest of the active Army force (88.2%) would be from
screened/vaccinated recruit cohorts. Consequently, we can as-
sume that the 88.2% of the screened/vaccinated cohort will be
100% immunized against varicella after 6 years. This leaves only
11.8% who may or may not be immunized against varicella.

TABLE It

REFERENCE CASE: EXPECTED DISEASE OUTCOMES UNDER THE THREE VARICELLA PREVENTION STRATEGIES PER 100,000 NEW
RECRUITS DURING A 2-WEEK PERIOD PER RECRUIT ASSUMING A SUSCEPTIBILITY RATE OF 8.8% AND AN INCIDENCE RATE OF 21.6 PER

10,000 PERSON-YEARS
Projected Cases Incremental Cases Incremental Incremental

of Varicella of Varicella Complications Deaths
Varicella Prevention Strategies Disease Prevented Prevented Prevented
No vaccination 36 - - -
Screen IET, vaccinate IET 32 4 0.013 0.003
Screen MEPS, vaccinate IET 29 3 0.010 0.002
Vaccinate all, IET 27 2 0.007 0.001
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TABLE I
REFERENCE CASE: EXPECTED COSTS UNDER THE THREE VARICELLA PREVENTION STRATEGIES PER 100,000 RECRUITS

Total Total
Average Incremental

Vaccine Medical/Training Total Cost - Cost

Varicella Prevention Strategies Costs Costs Costs® Savings® Savings®

No vaccination - $181,000 $ 181,000 $ 0 $ 0
Screen IET, vaccinate IET $ 3,275,111 $160,889 $ 3,436,000 -8 3,255,000 -8 3,255,000
Screen MEPS, vaccinate IET $ 2,769,194 $145,806 $ 2,915,000 ~-$ 2,734,000 $ 521,000
Vaccinate all, IET $18,637,250 $135,750 $18,773,000 ~$18,592,000 -$15,858,000

“Total costs = vaccine costs + medical/ training costs.

"Total average cost savings = cost of screen/vaccinate strategy — cost of no-vaccination strategy.

“Total incremental cost savings = 1 — (total cost of strategy ~ total cost of strategy with next lowest cost). Incremental cost savings refer to the
cost savings provided by one strategy over the strategy that prevents the next highest level of disease (i.e., step-down comparison). Negative values
represent costs over the comparison strategy (i.e., negative cost savings) and positive values represent cost savings over the comparison strategy.

TABLE IV
COST-EFFECTIVENESS COMPARISONS: MATRIX OF STRATEGIES (COST PER CASE PREVENTED)
Vaccinate All, Screen MEPS, Screen IET, No
Varicella Prevention Strategies IET Vaccinate IET Vaccinate IET Vaccination
No vaccination - - - 0
Screen IET, vaccinate IET - - 0 $ 813,750
Screen MEPS, vaccinate IET - - 0 -8 173,667 $ 390,571
Vaccinate all, IET 0 $7,929,000 $3,067,400 $2,065,778

Values in the table represent the cost of the strategy on the x axis per case of varicella prevented over the strategy on the y axis, represented by

the following equation:

cost,—cost,

number of varicella cases expected
Negative values represent cost savings (i.e., negative costs) per case of v

prevented.

—number of varicella cases expected,.
aricella prevented, and positive values represent cost per case of varicella

Dashes represent mirror comparisons. Cases of varicella prevented are presented in Table II, and costs per strategy are presented in Table III.

Previous prevalence studies indicate that 6.9% (adjusted to U.S.
general population) of incoming recruits do not have varicella
antibodies (6.9% X 11.8% = 0.8%).4 Consequently, a recruit
strategy would result in not only protection of recruits but in
herd immunity of 99.2% for the entire Army after 6 years.

Discussion

Varicella represents a cause of preventable morbidity in new
recruits each year. However, the implementation costs of
screening and vaccination far exceed the costs of treatment of
varicella and its complications. A treatment strategy in which no
screening or vaccination is offered provides the lowest cost of all
strategies presented. This conclusion is not significantly altered
by variation in any one of the variables in the model used for this
analysis.

Other cost-effectiveness analyses conducted in a variety of
settings have concluded that vaccination for varicella is cost-
effective.3%223 These studies were conducted under a multiple-
year surveillance period and used varied exposure rates. Be-
cause of the relevant and costly disruptions to training by
varicella, we were interested in the prevention capabilities of
vaccination within the initial basic training period of 8 weeks. As
a result of delayed production of protective antibodies, at an
average of 4 weeks the potential of vaccine to prevent disease
during this period is limited. Qur study modeled a varicella

hospitalization rate of 21.6 per 10,000 person-years, or 36 cases
per 100,000 new recruits. Alternatively, Nettleman and
Schmid® analyzed the worth of varicella vaccination in health
care workers and used 1 case per 630 employees, equating to
159 cases per 100,000 employees. Lieu et al.?2 analyzed the
value of vaccination in children and used a rate of 9,156 per
100,000 individuals. Both incidence levels far exceed the level
seen in our population.

Additionally, receipt of medical care for vaccine-related ad-
verse events in the training setting is conservative or absent in
other analyses. In the military, individuals with fever greater
than 100°F are hospitalized due to the long duration of unat-
tended hours if a new recruit becomes ill and to properly mon-
itor and prevent the development of complications. Additionally,
close-quarter living conditions necessitate hospitalization of re-
cruits with varicella-like rash reactions to the vaccine to prevent
any contact with susceptible recruits and to rule out natural
infection. In the civilian setting, it is unlikely that these condi-
tions would require inpatient care; consequently, adverse events
with vaccination are not usually modeled. An earlier study con-
ducted in U.S. Air Force Academy cadets determined screening
and vaccination of new cadets to be cost-effective for prevention
of hospitalizations.® This study modeled a vaccination cost of
$74.92 for two doses of vaccine and administration, $64.63 less
than our modeled total vaccine cost and assumed clinic visit
(858) for the second dose in the MEPS screening and vaccinate-
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all strategies. The cost in that study was $121.46 less than our
modeled total vaccine cost and two clinic visits for the IET
screening strategy. Additionally, the Air Force study modeled
more hospital days for varicella disease, used a higher incidence
rate, assessed vaccine prevention potential over a 4-year period,
and did not consider adverse events associated with vaccina-
tion. Consequently, that model is not necessarily comparable
with our model.

We did not model the benefits provided by retaining readiness
and scheduling of training sessions. Recruits are recycled if they
incur too many missed training days. In the event that a recruit
misses too many training days, he or she must restart training,
If this occurred, it would disrupt recruiting procedures and the
schedules for specialty training that follow basic training, in-
creasing the military costs associated with varicella disease and
increasing the cost-effectiveness of vaccination. Additionally,
our model operated under a 1-year analytic horizon for new
recruits and only considered vaccine protection during the pe-
riod of IET. Consequently, there may be additional benefits
associated with the extended effects of a screening and/or vac-
cination strategy than those modeled here. As discussed, a
screening and vaccination strategy not only provides protection
of recruits but would result in herd immunity of 99.2% for the
entire Army after 6 years. However, there are limitations in
assessing and quantifying the total impact of a screening and
vaccination strategy on an Army-wide herd immunity benefit.
First, because the susceptible cohort incoming each year in the
absence of a screening and vaccination strategy accounts for a
small proportion of the total Army, we will experience a decline
in the number of susceptible soldiers in the Army as a whole.
Consequently, the benefit associated with the prevention strat-
egy will not remain static. Second, we have noticed a decreasing
trend in the Army’s and Navy’s varicella incidence rates even in
the absence of a screening and vaccination strategy. The civilian
licensure of varicella vaccine and the increasing practice of
varicella vaccine administration to children should also result in
decreasing incidence rates. Consequently, the magnitude of the
total Army herd immunity benefit could be substantially de-
creased as a result of the continuing downward trend in recruit
incidence rates and the increasing impact of the use of the
vaccine in children. Approximately 91% of incoming recruits
have protective antibodies against varicella.* Herd immunity
may naturally increase even in the absence of a recruit screen-
ing/vaccination strategy, thus decreasing the relative benefit of
this effect in the consideration of implementation of a screening
and vaccination strategy.

In 1990, Gray et al. analyzed surveillance data for the U.S.
Navy and Army and found that rates increased more than 4-fold
from 1980 to 1988.% This trend may have reversed in subse-
quent years, as reported by Herrin and Gray.” These researchers
identified a decreased hospitalization rate for varicella, from
258/100,000 persons during the peak of 1987 to 74,100,000
persons in 1994.7 Additionally, the rate of 8.8% in incoming
recruits who lack protective antibody may be declining, and the
rate of individuals vaccinated for varicella before entry into the
military may be increasing. Rates also may be decreasing as a
result of current American Committee on Immunization Practice

Military Medicine, Vol. 165, April 2000

v

Varicella Screening and Vaccination

recommendations for pediatric use of varicella vaccine. Conse-
quently, the incidence rate used in the analysis may overesti-
mate the varicella rates to be expected in the future, decreasing
the absolute value of vaccination in new recruits.

There exist several potential strategies that were not modeled
and that require discussion. Questionnaires that obtain infor-
mation on past disease history to provide prescreening informa-
tion or to verify a negative screening test have also been sug-
gested.323 Studies that have reviewed the value of this strategy
are conflicting. A recent study conducted at Fort Gordon during
advanced individual training (training for recruits after IET) by
Jerant et al. found that use of a questionnaire to determine
history of clinical varicella disease would be useful for screen-
ing.! The positive predictive value of the questionnaire was
98.5%, whereas the negative predictive value was 23%. How-
ever, at the Naval Hospital at Great Lakes, 43% of naval recruits
with seropositive evidence for varicella infection reported having
had disease and 13% of seropositive individuals reported not
having had disease {(Armed Forces Epidemiology Board, August
1997). Therefore, a questionnaire is not used at Great Lakes to
screen for varicella history. All recruits are screened for varicella
by antibody test and are appropriately vaccinated. In our study,
administration of questionnaires to increase the sensitivity and
specificity of screening would not have altered the conclusion
because of the magnitude of difference between the strategies.
Additionally, specific groups have been identified as high risk for
adult onset of varicella disease, such as African Americans,
Hispanics, and individuals from the Virgin Islands, Puerto Rico,
and Hawaii® Institution of targeted screening or vaccination
could be viewed as inequitable or discriminatory, and thus it
does not represent a socially viable prevention alternative.

We evaluated the value of screening U.S. Army recruits at the
MEPS to provide earlier vaccinations and thus earlier protec-
tion. Although this strategy performed better than the IET strat-
egy, saving approximately $174,000 per case of varicella pre-
vented, screening infrastructures at MEPS are currently not
available and their feasibility of implementation is unknown.
The main function of MEPS is to determine the entrance quali-
fications of military applicants, not to provide medical services.

Screening and vaccinating new recruits to provide protection
against varicella is not cost-effective under the conditions in our
reference model. The delay in vaccine-provided antibodies ne-
gates the vaccine’s prevention potential during the initial
8-week training period, when illness from varicella would have
the strongest negative economic effect. However, even in the
absence of this delay, the cost of vaccination still renders a
no-intervention strategy the lowest-cost strategy. If disease after
IET were to be considered, in which case the potential of erad-
ication of varicella from the Army in 6 years exists, this conclu-
sion may be altered. However, continued low incidence rates are
possible, and the value of preventing varicella disease substan-
tially decreases after basic training. Increasing rates of compli-
cations or inclusion of other potential complications (e.g., zos-
ter) may alter this conclusion from a clinical perspective.
However, this analysis indicates that vaccination of new recruits
against varicella is not a cost-effective use of scarce military
health care resources.
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