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SUMMARY

During 2002 there were 221 confirmed or probable cases of West Nile Virus (WNV) in Cuyahoga County (located in
Northeast Ohio) — accounting for 71% of all Ohio cases. In December 2002, the public health community of Cuyahoga County
conducted a household-based seroprevalence survey designed to estimate focal and county-wide WNV infection rates. In this
article the authors provide a detailed description of the field operations used to conduct a countywide serologic survey for
WNV and describe the methodology used to obtain and analyze a probability-based sample of households. Field operations
were based on incident command structure (ICS) resulting in the recruitment of over 1,200 eligible participants. Although ICS
has not been routinely incorporated into traditional public health investigations, it was successfully implemented in this survey.
Additionally, the sampling design used in this survey may be helpful in situations where the characteristic of interest has a
small, variable probability of occurrence and it is desired to find a large number of individuals with this characteristic - to
permit one to relate local rates to local conditions.

Keywords: Cluster sampling, Seroprevalence, Stratification, West Nile virus.

1. INTRODUCTION Cleveland) consisted of 221 confirmed or probable
o cases of WNV illnesses (including cases of WNV fever)
From 2000 through 2003, West Nile Virus (WNV)  resulting in 11 disease-associated deaths. Of the 221

spread rapidly from east to west across the United cases 155 (seventy percent) were WNND cases
States and Canada. Areas such as Louisiana, Illinois, (incidence, 112 cases/million) (1).

Michigan, and Ohio saw epidemic activity during the

spring and summer of 2002. In comparison to previously studied outbreaks in

_ ' the United States, the 2002 WNYV outbreak in Cuyahoga
During 2002, Ohio reported 310 cases of WNV County appeared to be marked by a significant increase

encephali‘Fis apd/or meningitis (i:e.,. West Nile in the incidence of passively identified human cases and
neuroinvasive disease [ WNND]), an incidence of 28 to affect a wider age range of the population. In

cases per million, with 31 fatalities (1). This was the December 2002, at the close of this first season of
third highest number of human WNND cases in the WNYV disease transmission, the public health

country, exceede.:d. only by Michiga{l (557 cases, 56 community of Cuyahoga County conducted a
NND cases/million) (2) and Illinois (553 cases, 44 household-based seroprevalence survey designed to

NND cases/million) (3). estimate focal and county-wide WNV infection rates,

The outbreak experienced in Cuyahoga County and to identify host and environmental factors
(which is located in northeast Ohio and includes associated with risk for human infection (4).
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In this article the authors provide a detailed
description of the field operations used to conduct a
countywide serologic survey for WNV and describe the
methodology used to obtain and analyze a probability-
based sample of households in Cuyahoga County. Some
features of these field operations may be useful for
other surveys that must be conducted under strict
budgetary and time constraints. The sample design we
used may be useful in circumstances when the
characteristic of interest has a small, variable
probability of occurrence and it is desired to find a large
number of individuals with this characteristic — to
permit one to relate local rates to local socioeconomic
and environmental conditions.

We have identified other published papers that
describe serologic surveys for WNV (5-7). However,
there are limitations in each of the survey designs. One
survey (5) sampled individuals at outpatient clinics or
health centers. This permitted blood samples to be
obtained easily, but did not provide a probability-based
sample of all individuals in the area under study. A
survey in Queens, New York (6) used a probability-
based (cluster sample) design, but the area sampled was
limited to the epicenter of the WNV outbreak. Similarly,
a stratified cluster sample of residents was selected
from an area in southern Connecticut (population about
99,000) chosen because of its high crow mortality
rate (7).

By contrast, we have carried out a probability-
based sample in a large U.S. county. This enabled us
to estimate infection rates in areas not near the center
of the WNV outbreak. Thus we can relate local
infection rates to local environmental and socio-
economic characteristics. For example, we can see
whether there were local areas with no apparent WNV
activity (e.g., no previously identified WNV cases) that
actually have significant infection rates. If there are
such areas we can investigate the reasons for this
apparent anomaly (e.g., the individuals with WNV in
an area with low socio-economic status may not seek
medical assistance).

2. FIELD OPERATIONS

Strict budgetary and time constraints required that
the sample be carried out within a two week period. To
increase the chance of finding potential respondents at
home most of the interviewing took place in the

evenings on weekdays and during the days on
weekends.

Training

The Cuyahoga County Board of Health staff
decided to create an incident command structure (ICS)
that outlined critical components necessary to
implement the serosurvey. Historically, military and
safety forces have used ICS when responding to major
emergencies. As seen in Fig. 1, there are 5 major
components to ICS: command, logistics, planning,
finance, and operations. This structure serves as a tool
for command, control, and coordination of activities.
It delineates roles and responsibilities for a given event.
To facilitate the development of the key roles and
responsibilities, protocols were obtained from the
individuals involved with the serosurvey conducted in
Queens, New York City in 1999. In addition to creating
the ICS structure, a formal training program was
developed to standardize the field operations.

Community Notification

After selection of the clusters (groups of city
blocks) to be sampled (see the section, Sample Design,
for details), but before the implementation of the survey,
city officials were notified of their selection for the
survey. Additionally, residents living within the sampled
clusters were notified with a flyer one to two days prior
to the survey in that area. A local newspaper reporter
accompanied the survey team in the field and several
television reporters also covered the survey. This
provided additional publicity which was expected to
increase the participation rate.

Field Logistics

The survey sample consisted of 88 clusters each
consisting of approximately 50 households. Each cluster
had a group leader who supervised three task forces
(a.k.a. teams), each consisting of a team leader, at least
two interviewers and a phlebotomist. Each cluster map
had three routes, randomly assigned to the teams. The
goal of each team was to obtain at least one blood
sample from each of three separate households along
their assigned route. To obtain a sample from a tenth
household in the cluster, the first team to complete its
initial assignment sampled an additional household.
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Enrollment

Each selected household was approached by a
group or team leader, and identification was provided
to the head of the household. If at least one adult
member of the household agreed to participate, the field
staff entered the home and gave an informed consent
form to each person who was present. Each child less
than 18 years of age required a parent’s or guardian’s
signature on the consent form. In addition, assent was
obtained from all children aged 8 and older. Institutional
Review Board approval was obtained from University
Hospitals of Cleveland.

3. SAMPLE DESIGN

Our objective was to select a probability-based
sample of households in Cuyahoga County to provide
(a) good estimates of the West Nile virus prevalence
rate for Cuyahoga County and subpopulations of special
interest, and (b) to obtain enough positive cases to
permit investigation of the relationship between the
presence/absence of West Nile virus and socioeconomic
and environmental factors. With limited resources for
sampling, a cluster design was needed.

Two covariates were used to categorize the
sampled areas: (a) the number of (passively identified)

confirmed/probable West Nile virus cases per 1,000
population in 2002 (CRATE), and (b) the mosquito
infection rate (IRT) which was defined as the number
of positive pools per 1,000 mosquitoes tested, the latter
being available for 84 of the 94 municipalities (this
includes Cleveland’s neighborhoods, and we refer to
these neighborhoods as municipalities in the sequel).
We started by plotting the IRT against CRATE (Fig. 2)
for all municipalities in Cuyahoga County. Clearly, the
four municipalities in the upper right corner of figure
2 (Brook Park, Jefferson, Old Brooklyn, Parma Heights)
are the areas having the greatest a priori evidence of
West Nile virus. The Kinsman area (no confirmed
cases, but an infection rate > 45) is also an outlier.

We assigned to Stratum 1 the municipalities of
Brook Park, Jefferson, Old Brooklyn and Parma
Heights, the presumed epicenter of West Nile virus in
Cuyahoga County. As such these areas were of special
interest. Moreover, we hoped that by sampling in each
of them we would achieve our second objective, (b),
described above.

To obtain valid prevalence estimates for Cuyahoga
County, sampling of areas with no confirmed cases was
needed. Sampling in this stratum, labeled Stratum 3,
will also provide direct evidence about the relationship
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Fig. 2. Municipality/neighborhood level mosquito infection rates and human case rates for West Nile virus by strata.
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between passively identified and actual/sub-clinical
cases of WNV. Because of its special characteristics we
selected Kinsman with certainty and then chose two
other municipalities with probability proportional to the
number of households in each municipality (Buckeye-
Shaker and Solon were selected).

For the remaining stratum, Stratum 2, we first
divided Cuyahoga County into two sectors, East and
West, to ensure coverage of both parts of the county.
Within each of the two geographical regions we
sampled census tracts rather than municipalities. Of
course, these two populations of census tracts excluded
the tracts in municipalities belonging to Strata 1 and 3.

The next step of the sample design was to sample
census tracts in each of the seven municipalities in
strata | and 3 and in each of the two regions of Stratum
2. Within each sampled census tract we further sampled
two blocks with probability proportional to the number
of households in the block. Finally, we sampled about
ten households within each sampled block using a
procedure that approximated simple random sampling.
The blocks were constructed, using 2000 U.S. census
data, to form contiguous areas containing approximately
50 households (exception: blocks consisting of multi-
family structures contained more than 50 households).

To select the sample of census tracts within each
municipality or region, we used the two covariates,
CRATE and IRT. For Stratum 2 we divided the census
tracts in each region into four substrata (CRATE=0, IRT
< 10 or not available; CRATE = 0, IRT > 10;
0<CRATE<.45; CRATE>.45). Within each substratum
we sampled two tracts with probability proportional to
the number of households in the tract (using the
systematic probability proportional to size (pps) method
(8, pp. 265-266). Note that the average IRT for
Cuyahoga County was 10, and we used scatterplots of
CRATE vs. IRT for the tracts to choose the boundary,
45, for CRATE. We chose four census tracts from each
municipality in Stratum 1, using the systematic pps
method within each of two strata. To facilitate the
second objective (i.e., to observe as many cases as
possible) we chose three tracts from among those with
CRATE > .45 and one tract from those with CRATE
< .45).

The municipalities in Stratum 3 had no confirmed
cases, so we stratified the tracts in each one as
(a) positive IRT and (b) IRT = 0 or no mosquito trap

data. In each municipality we sampled the one member
of (a) with certainty and three others from (b) with
probability proportional to their number of households.

4. ESTIMATION

Because there are several survey objectives and a
limited budget the sample design, described above, is
more complicated than the customary household survey.
Consequently, standard survey software could not
capture (for variance estimation) important aspects of
the sample design, and it was necessary to program the
formulas described in this section of this paper.

Point Estimation

To estimate the finite population total for a
variable of interest we use the unbiased Horvitz-
Thompson estimator (8, p. 259)

v, n
Yur = 2 04/7)

where y, is the value of the variable Y for the i-th unit
selected in the sample and 7 is the probability that the
i-th unit is sampled. In our study this probability can
be determined as follows. First, consider any one of the
thirteen geographical areas described in the section,
Sample Design: Brook Park, Jefferson, Kinsman, Old
Brooklyn, Parma Heights and the eight groups in
Stratum 2 defined by location (east or west), IRT and
CRATE. For each area the probability that the 7-th
person in household £, block b, census tract i is selected
is

Pr(person ¢ selected | &, b, i) Pr(household £ selected |
b, i)Pr(block b selected | i) Pr(census tract i selected)
@)
Let M;,, denote the number of persons in
household &, block b, tract i of whom m, are assumed
to have been selected using simple random sampling.
Also define by T, the number of households in block
b, tract i of which 1, are assumed to have been chosen
using simple random sampling. Finally, let Z; denote the
number of blocks in tract i of which 2 are sampled.
Then

Pr(person ¢ selected | &, b, i) = m, /M., 2)
Pr(household & selected | b, i) =¢,,/T, 3)

Pr(block b selected | i) = 2T, / ZtL)ileib “)
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In each area the tracts were stratified further.
Within each substratum some tracts were selected with
certainty. Then, for such tracts,

Pr(tract i selected) = 1 (5a)

For the rest of the selections in that substratum
Pr(tract 7 selected) = K (Z:LJib) S (5h)

where S is the total number of households in the census
tracts in the substratum excluding those in tracts
selected with certainty, and K is the number of (non-
certainty) tracts sampled in the substratum.

Thus, the selection probability is given by
formulas (1) — (5).

For Stratum 3 there is an additional component of
(1) for the two municipalities, Buckeye-Shaker and
Solon, which were not selected with certainty. The
probability that Solon is selected is

2(population of Solon)
{ population of Stratum 3 excluding Kinsman}

(6)

with an analogous expression for Buckeye-Shaker.
Thus, the probability of selection of a person in Solon
is the product of the terms in (2) through (6).

Estimation of a population ratio is done by using
the ratio of estimated totals.

Variance Estimation

Variance estimation is complicated because there
are four stages of sampling with unequal probabilities
of selection at several stages. (As noted in the sample
design section, this was done to try to accrue as many
cases as possible while also having a clustered,
probability-based design.) As the basis for our
estimation of the variance of a finite population total
we use Theorem 11.2 of Cochran’s book (8, pp. 301-
302). To provide a workable expression for the variance
estimator we have made several approximations:
(a) assuming, as is customary, with replacement
probability proportional to size (pps) sampling instead
of the systematic without replacement pps sampling we
actually employed, (b) ignoring the stratification of
census tracts within their primary sampling unit (e.g.,

Table 1. Composition of strata used for variance estimation

Stratum Area

1 Brook Park
Jefferson
Old Brooklyn
Parma Heights

2% East, CRATET =0

East, CRATE > 0
West, CRATE =0
West, CRATE > 0
3 Buckeye-Shaker
Kinsman

Solon

*Stratum 2 was defined by dividing Cuyahoga County into
two sectors, East and West. Within each of the two
geographical regions we sampled census tracts rather than
municipalities. These two populations of census tracts
excluded the tracts in municipalities belonging to Strata 1
and 3.

TCRATE defined as the number of confirmed/probable West
Nile virus cases per 1000 population in 2002 .

municipality), and (c) aggregating the eight substrata
in Stratum 2 to the four listed in Table 1.

The same variance formula is used to estimate the
variability due to sampling census tracts, blocks,
households and persons in each of the eleven areas
listed in Table 1. This estimated variance is the sum of
formulas (A.2) and (A.3) in the Appendix.

The estimated variance of an estimated total for
Cuyahoga County is the sum of the (a) estimated
variances corresponding to the four municipalities in
Stratum 1, Kinsman in Stratum 3 (because it was
selected with certainty) and the four substrata in
Stratum 2 (see Table 1), and (b) the remaining
contribution from Stratum 3. (The summing is
appropriate because sampling is independent in these
entities.) Stratum 3 is different from the other two strata
because there is an additional sampling stage; i.e., the
initial selection of the municipalities. The contribution
of Stratum 3 to the total variance is given by (A.4).

The formula for the estimated variance of an
estimated ratio is more complicated. We describe in the
Appendix how to obtain the estimated variance of an
estimated odds ratio. Then we present a method to
obtain an approximate 100(1- &) percent confidence
interval for the population odds ratio.
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S. RESULTS

A total of 1,747 eligible residents were approached
for the survey. Consent was obtained from 1,251
residents (71.6 percent) representing 819 households.
The main results of the survey are presented elsewhere

.

Overall, we estimated that 1.9% of the county’s
population became infected (95% confidence interval
0.8 - 4.6%). For stratum 1, the epicenter of the West
Nile virus outbreak, we estimated that 2.5% became
infected (95% confidence interval 0.6 - 9.2%).
Surprisingly, for Stratum 3, the areas with no known
passively identified cases, the estimated per cent was
3.3. However, the 95% confidence interval (0.4 -
23.9%) for this stratum indicates uncertainty about the
magnitude of the prevalence. Finally, for Stratum 2, the
estimated infection rate was 1.5% (95% confidence
interval 0.2 - 4.4%), lower, as expected, than that in
Stratum 1.

6. DISCUSSION

In this paper we describe the field operations used
to conduct a seroprevalence survey. Although ICS has
not been routinely incorporated into traditional public
health investigations, it was successfully implemented
in this survey. By creating a formal structure for the
operation component of the survey, we were able to
manage a large number of workers over a large
geographical area. Additionally, incorporating ICS into
investigational methods will allow public health
professionals to gain experience with the system, useful
if these individuals need to work closely with safety and
fire professionals.

In addition to detailing field operations, this paper
provides statistical methodology that may be useful for
sample surveys with some of the following features:
1) the characteristic of interest has a small probability
of occurrence; 2) it is desired to estimate the prevalence
of this characteristic over a large geographical area,

including places where activity is expected to be high
and places where activity is expected to be low; 3) an
objective is to find a (relatively) large number of
individuals having the desired characteristic — to permit
one to relate local rates to local social and
environmental conditions; and/or 4) the survey must be
conducted within a very short time period with a limited
budget.

For future studies of this type we recommend
having a longer time period for the conduct of the
survey. We were precluded from doing this because of
a limited budget and the onset of the holiday season.
Continuing the survey would have increased the
likelihood of families not being at home and further
extended the time between potential exposure to WNV,
the recollection of summer time activities, and the
completion of the survey questionnaire. Having an
extended survey period would permit a strictly
probability-based selection of households with an
opportunity to make several callbacks to reduce the
nonresponse due to families who are not at home.
Estimating the effect of households whose members
refuse to participate is difficult. However, selecting a
small sample of initial refusals and then using
alternative methods to obtain cooperation may provide
a useful estimate of the difference between the two

groups.

7. ABBREVIATIONS USED

CDC  : Centers for Disease Control and Prevention

CRATE : 2002 West Nile Virus Human Case Rate per
1,000

ICS : Incident Command Structure

IRT : Mosquito infection rate per 1,000
mosquitoes tested

PPS : Probability proportional to size sampling

WNND : West Nile neuroinvasive disease

WNV : West Nile Virus
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APPENDIX
Variance and Interval Estimation

Let Y, , denote the value of the variable of interest
for the /-th person in household &, block b, census tract
i. We suppress the index for the geographical area (e.g.,
Brook Park; East, CRATE = 0) in Table 1. Assume that
there are: (a) M,,, persons in household £, block b,
census tract ; of whom m;,, are assumed to have been
selected using simple random sampling; (b) 7,
households in block b, tract i of which 1;, are assumed
to have been selected using simple random sampling;
(c) L; blocks in tract i of which /, =2 are sampled
independently with probability proportional to

T/ pLiTip» and (&) N tracts of which n = 4 are

sampled independently with probability

L N L .
45~ Zbglﬂb/zizlzblﬂb for tract i

T Y.
5 _ib N\ My | _ibkl
Define Yib Tt Zkb::|_2|:kjl_([ jMibk
ib Mok

EEORA DY

Yi

4 (A1)
5

- 14
and Y =Zzi:1

where the formula in (A.1) is the estimated total for a
geographical area in Table 1 under the assumptions
outlined in the subsection Variance Estimation.

The two components of the estimated variance of an
estimated total are

. A2
1 4{ﬁ_£ 4ﬁ}

12 i=12i 4 i=1Zi (A2)

L 2 .2
and iz%ﬂ{iﬁ} (A3)
2

The estimated variance of an estimated total, V,
for each of the areas listed in Table 1 is the sum of (A.2)
and (A.3).

For Stratum 3 (see Table 1) there is an additional
stage of sampling since the municipalities are selected
first. (Kinsman is a special case because it was sampled
with certainty and, thus, it is treated like the four
municipalities in Stratum 1.) Let YAS and \7S denote the
point estimate (formula (A.1)) and variance estimate
(sum of (A.2) and (A.3) ) for Solon with corresponding
definitions of YAb and \7b for Buckeye-Shaker. Also,
define p_ as the population of Solon divided by the
population of Stratum 3 except for Kinsman with an
analogous definition for p, . Then the estimated
variance of an estimated total for Stratum 3 (excluding
Kinsman) is

%{(\73/ ps) + (Ob / pb)}+ % {(YAS/ pS) B (YAb/ pb)}2
(A4)

Estimation of the variance of an estimated ratio
uses a Taylor series approximation. To illustrate,

consider the estimated odds ratio R = (é+ Ij)A/

(A+ é)é where A, B,C and D are the estimated total
number of persons in Cuyahoga County with
(a) positive seroprevalence and positive binary
characteristic (e.g., female), (b) negative seroprevalence
and positive characteristic, (c) positive seroprevalence
and negative characteristic, and (d) negative
seroprevalence and characteristic. Let 4;,,, = 1 if the
I-th person in household £, block b, census tract i is
positive for both seroprevalence and characteristic and
A, = 0 otherwise, with analogous definitions for B
C,piy and D

ibkl
ibkl®
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Define for each individual
X, =4, 1B(C+D)C(A+B)?}
- B, {ACC+D)/C(A+B)?}
~C,, {ADIC2(A+B)}+D, , {AIA+B)C}

and replace Y, in (A.1) — (A.4) with X};;,. The total
estimated variance (using X in place of ¥) is the
estimated variance of the estimated odds ratio, R.

To obtain an approximate 100(1 — &) per cent
confidence interval for the population odds ratio, R, we

use a confidence interval for log R and then
exponentiate the endpoints to obtain the interval for R.
The interval for log R, based on a standard Taylor series
approximation is

~ A~ ~q1/2 A
log (R) - z(a/2)N (R} “IR <log (R)

~ A~ ~q1/2 A
<log (R)-2/2)N R} IR

where \7(FA2) is the estimated variance of R and
z(a/2) is the 100{1 — (&/2)} percent point of the
standard normal distribution.
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