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Public Health Surveillance for Zika Virus: Data
Interpretation and Report Validity

Zika virus provides an example
for which public health surveil-
lance is based primarily on health
care provider notifications to
health departments of potential
cases. This case-based surveil-
lance is commonly used to un-
derstand the spread of disease in
a population.

However, case-based surveil-
lance is often biased—whether
testing is done and which tests
are used and the accuracy of
the results depend on a variety of
factors including test availability,
patient demand, perceptions of
transmission, and patient and pro-
vider awareness, leading to sur-
veillance artifacts that can provide
misleading information on the
spread of a disease in a population
and have significant public health
practice implications.

To better understand this
challenge, we first summarize the
process that health departments
use to generate surveillance re-
ports, then describe factors influ-
encing testing and reporting
patterns at the patient, provider,
and contextual level. We then
describe public health activities,
including active surveillance, that
influence both patient and pro-
vider behavior as well as surveil-
lance reports, and conclude with
a discussion about the in-
terpretation of surveillance data
and approaches that could im-
prove the validity of surveillance
reports. (Am J Public Health.
2018;108:1358-1362. doi:10.2105/
AJPH.2018.304525)
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As with most infectious dis-
eases, public health sur-
veillance for Zika virus is based
primarily on health care pro-
vider notifications to health de-
partments of potential cases of
individuals with Zika virus dis-
ease (ZVD). Health departments
use these case reports to track the
ebb and flow of infections in state
and local areas, evaluate the ef-
fectiveness of prevention and
control programs, and guide
public health actions. In partic-
ular, surveillance reports inform
decisions about whether travel to
an area should be discouraged,
with attendant costs to the
tourism industry, or allowed,
running the risk not only of more
infections but also spread to the
areas to which the tourists return.

Although presented as simple
counts of individuals with the
condition, Zika surveillance data
are the result of a complex process
in which contextual, organiza-
tional, and human factors influ-
ence whether a case is identified.
For example, clinicians rely on
public health agencies for guid-
ance on how and when to conduct
screening and diagnostic testing.
Whether testing is done, which
tests are used, and the accuracy of
the results depend on test avail-
ability, patient demand, where
transmission is thought to be oc-
curring, and patient and provider
awareness of these factors. As we
demonstrate in this analysis, all of
these factors have changed over
the course of the Zika outbreak in
the United States. They also vary
from place to place and among
population groups.
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As a consequence, trends and
differentials in surveillance data
reflect not only actual disease
patterns but also “surveillance ar-
tifacts” generated by testing and
reporting behavior. Furthermore,
because the case definition de-
pends in part on whether an in-
dividual was likely exposed to the
virus by means of residence, travel,
or contact with an infected indi-
vidual, there is an inherent circu-
larity in the number of cases
reported. These factors influence
many case-based surveillance sys-
tems, but the combination may be
especially consequential for ZVD.

The goal of this article is to use
the ongoing US Zika virus out-
break to illustrate how case-based
surveillance data can provide
incomplete information on the
spread of a disease in a population
and to illustrate the challenges for
public health practitioners and
policymakers drawing conclu-
sions from these data. Rather
than summarize the purposes of
surveillance generally, we use
a case-based approach to illustrate
the practical challenges that exist.
We first summarize the process
that health departments use to
generate surveillance reports,
then describe the patient, pro-
vider, and contextual factors that
influence testing and reporting
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patterns. We then describe public
health activities, including active
surveillance, that influence both
patient and provider behavior as
well as surveillance reports. We
conclude with a discussion about
the interpretation of surveillance
data and approaches that could
improve the validity of surveil-
lance reports.

CASE-BASED
SURVEILLANCE

Surveillance for Zika is based
primarily on health care provider
reports of cases of individuals with
ZVD using a “notifiable disease”
system. Providers and laboratories
report potential cases to their state
or local health departments,
which classify them as probable or
confirmed cases of ZVD, Zika
virus infection, or congenital in-
fection depending on laboratory
test results, clinical criteria, and
other factors. Typically, the pro-
vider passes samples to the labo-
ratory, and the laboratories are
expected to inform the state
health department. When labo-
ratories are private, reporting is
not always complete and timely,
and even when laboratories
are public, these submissions
often lack critical contextual
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information about the patient.
Health departments tabulate the
number of cases by date, location,
and patient characteristics and
publish summary reports.'

This system, the standard ap-
proach to public health surveil-
lance for centuries, seems simple.
But surveillance reports are the
result of a complex process in-
volving the following:

1. Public health guidance, which
is based on knowledge of how
Zika virus is transmitted and
where local transmission may
be taking place;

2. Testing capacity in both public
health and private laboratories;

3. Patients secking medical at-
tention or testing;

4. Providers’ recommendations
to their patients regarding
testing and reporting cases to
public health authorities;

5. The interpretation of test re-
sults and classification of cases;
and

6. Public health surveillance ac-
tivities including active sur-
veillance, mosquito testing,
and case classification and
tabulation procedures.

Tabulations based on such
passive surveillance systems are
known to undercount the actual
number of cases because some
individuals are never diagnosed
and others are not reported, and
this “iceberg” phenomenon
seems to be the case with ZVD.
Chevalier et al., for instance, used
data collected from screening of
blood donations to estimate that
there were more than 400 000
Zika infections in Puerto Rico
between April and August 2016,
compared with 10 000 reported
cases in the same period.” And
just as a constant fraction of an
iceberg lies below the water line,
epidemiologists sometimes as-
sume that a constant fraction
of cases are reported, and
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consequently that the resulting
tabulations are often regarded as
accurate reflections of trends and
differences among population
groups.‘H’
ZVD, however, the validity of
that assumption is questionable.

When it comes to

PUBLIC HEALTH
GUIDANCE

In the United States, states and
territories individually determine
whether notification of health
departments of Zika virus in-
fection is required, and the
Council of State and Territorial
Epidemiologists maintains case
definitions to ensure consis-
tency.” As summarized in the
Appendix (available as a supple-
ment to the online version of this
article at http://www.ajph.org),
the Council’s definition classifies
cases as probable or confirmed
cases of ZVD, Zika virus in-
fection, or congenital infection
depending on laboratory test
results, clinical criteria, and
“epidemiological linkage.”

Epidemiological linkage in-
volves a combination of risk
factors such as recent travel to
areas with ongoing transmission;
having sexual contact with part-
ners who recently traveled to
such an area; being a recipient of
blood, blood products, or an
organ transplant from a person
with known infection; or clinical
suspicion of mosquito-borne
transmission. Whether a case is
regarded as epidemiologically
linked, therefore, depends on
knowledge of where trans-
mission is taking place, which
in turn depends—in a circular
fashion—on accurate case find-
ing, testing, and surveillance re-
ports. The providers who report
a case usually collect the patient
information needed to classify
a case, and if testing is to be done

at public health laboratories, they
submit the information at the
time they request the test. Posi-
tive test results from commercial
laboratories are included in
public health surveillance sys-
tems, although the timeliness and
completeness of associated pa-
tient information—and the
ability to correctly classify the
case—varies.

TESTING CAPACITY

Early in the US Zika outbreak,
the only laboratories capable of
testing samples were state and
local health departments. And
because testing capacity was
limited, state and local health
departments (working in collab-
oration with the Centers for
Disease Control and Prevention
[CDC]) determined whether
a sample was eligible to be tested
by using algorithms that involve
clinical criteria, especially symp-
toms such as fever, rash, arthral-
gia, and conjunctivitis; associated
conditions such as Guillain-Barré
syndrome; high-risk situations
such as pregnancy; discovery of
prenatal or neonatal outcomes
such as microcephaly or other
specified conditions; and epide-
miological linkage. These guide-
lines are adapted by state and
local jurisdictions on the basis of
knowledge of local transmission
and test capacity.

Subsequently, private labora-
tories began to offer Zika virus
testing independently to pro-
viders and patients. Some offer
both reverse-transcriptase poly-
merase chain reaction and
enzyme-linked immunosorbent
assay Zika tests, but confirmatory
tests are not always available. We
have found a variety of costs of
Zika tests ranging from $200 to
$3000 (when completely out
of pocket), which may not be
covered by insurance, creating
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a potential surveillance bias to-
ward those who have the avail-
ability to pay.® Some states do not
allow private Zika testing, and
CDC discourages it.”

Early in the outbreak, only
those with known risks were
eligible to be tested, so the pre-
vious probability of infection was
likely to be relatively high, and
so was the positive predictive
value.' As 2016 and 2017 pro-
gressed, however, testing facili-
ties became more available,
constraints were relaxed, and,
consequently, the previous
probability of infection among
those tested probably dropped.
The logical consequence was that
even with good test sensitivity
and specificity, an increasing
proportion of individuals who
tested positive did not actually

. S . 810
have Zika virus infection.

PATIENTS'
TEST-SEEKING
BEHAVIOR

Whether a case is reported
depends, in the first instance, on
individuals’ decisions to seek
medical assessment. These de-
cisions are influenced by public
health and other guidance,
individual-level characteristics
such as access to health care and
personal health beliefs, and the
advice they get from their phy-
sicians and other health care
providers, what the media says
about these matters, and their
access to different media
sources.'

According to surveys con-
ducted over the course of 2016,
there was substantial variation in
public awareness and knowledge,
both over time and among
different population groups.
National random-digit-dial
telephone surveys show that
awareness changed in a short
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period of time. In 1 study, the
proportion of the US public
aware of Zika rose from 74% in
March to close to 95% in August,
rising in fairly linear fashion.'*"?
There are no comprehensive data
on test requests, but 1 private
laboratory reported that the de-
mand for testing doubled be-
tween July and August of 2016.”

A national survey in March
2016 showed that 75% of in-
dividuals were aware Zika virus
causes birth defects and 60% were
aware that it could be transmitted
sexually.'* In a survey conducted
in April and May of 2016, in-
vestigators at New York Uni-
versity found that 38% of the
population knew all key scientific
elements of Zika—that it can be
sexually transmitted, cause birth
defects, and be an asymptomatic
infection. The New York Uni-
versity study, when repeated in
July and August 2016, found
knowledge of these particular
characteristics of Zika unchanged
despite changes in awareness of
the disease increasing nationally. '

Although awareness does not
predict health action, theory
suggests and research has found in
previous emerging disease threats
that awareness is a precursor to
health behavior change.'> '
Many of the factors that influence
whether testing is done also vary
across locations and among pop-
ulation groups. For example,
awareness of the Zika virus varied
among certain demographic
groups with women, older adults,
non-Hispanic White adults, those
with higher incomes, and those
with higher education more likely
to be aware.'? Berenson et al.
looked at knowledge among
pregnant women in Zika-prone
areas, in particular low-income
women attending prenatal clinics
in southern Texas in summer
2016, and found that 60% were
not aware that Zika can be sex-
ually transmitted."”
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The New York City De-
partment of Health and Mental
Hygiene (DOHMH) found that
Zika testing was relatively less
common in census tracts with
high densities of individuals from
countries with active Zika trans-
mission. On the assumptions that
getting a Zika test is a rough proxy
for Zika awareness and that
individuals born in affected re-
gions are more likely to travel
there, this suggests that awareness
was lower in the population most
at risk. This analysis caused a shift
in DOHMH'’s intervention
strategies initiating visits to public
hospitals, local providers, local nail
salons, beauty salons, and clinics
that women would frequent in
target ethnic neighborhoods. By
September 2016, there had been
an increase in the number of tests
ordered in these target census

20
areas.

PROVIDERS'
BEHAVIOR

Because they are based on
notifications to health depart-
ments, case counts depend on
provider decisions to advise pa-
tients to be tested, to send samples
for testing, to fill out the correct
paperwork (in cases in which the
samples have to be sent to the
health department or a central
laboratory), and for the testing to
be carried out correctly by lab-
oratory personnel or phleboto-
mists. These actions depend
in turn on the providers’ un-
derstanding of their patients’ risk
factors and their reporting re-
sponsibilities, the availability and
cost of testing facilities, public
health and other guidance, and
what the media says about these
matters.>' ™

In general, provider reporting
is very incomplete. For example,
reviews of physician practices for
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ordering tests for sexually trans-
mitted infections have found
multiple barriers to testing in-
cluding time, consent processes,
burdensome reporting pro-
cedures, lack of patient accep-
tance, competing priorities, and
systems issues such as reim-
bursement. Depending on the
disease, providers generally re-
port fewer than 30% of cases, and
report weeks after laboratory
results are available. Indeed,
awareness of notification re-
quirements varies with disease
but is generally low.?%*

Furthermore, these factors can
vary over time. Studies of passive
surveillance during the 2009
H1N1 outbreak, for instance,
suggested that the proportion
of cases reported declined over
time, perhaps because of “sur-
veillance fatigue,” which may
happen with patients or providers
learning that most cases do not
require medical attention or
clinical testing.'”*” During the
Ebola outbreak in West Africa,
people in some communities
stopped cooperating with health
workers out of fear. As a result,
surveillance data suggested a drop
in new cases until so many people
had become sick in a community
that it was no longer possible to
conceal them.”® During the Zika
outbreak, differences between
Puerto Rico and CDC in sur-
veillance systems set up to iden-
tify infants and fetuses with
Zika-related birth defects have
led some to suggest that Puerto
Rico is downplaying the extent
of its Zika problem.?®

PUBLIC HEALTH
SURVEILLANCE
ACTIVITIES

Public health surveillance
systems also include cases that
are identified through “active

surveillance,” in which health
departments proactively work to
identify cases. The 2016 South
Florida outbreak (the primary US
example of active surveillance for
Zika) illustrates a number of ways
in which cases were identified.
For instance, after health officials
established that Zika virus was
being transmitted in the Wyn-
wood neighborhood of Miami,
Florida, in July, efforts were
undertaken to identify and sub-
mit samples for testing of (1) close
household and workplace con-
tacts of the known cases of in-
dividuals who had no history of
travel to affected areas and (2)
employees at workplaces and
customers of businesses in areas of
known orsuspected transmission,
especially outdoor workplaces
with standing water nearby.
Community surveys were also
undertaken among individuals
who lived in areas of known or
suspected local transmission, who
lived in areas bordering on these
zones, and who attended health
clinics that served the affected
areas. In these community sur-
veys, all or a representative
sample of individuals were tested
regardless of whether they
exhibited symptoms or there was
direct evidence of epidemiolog-
icallinkage other than living in an
affected area.”” Although this
might be good public health in-
sofar as it helps identify those at
greatest risk of infection, it pro-
duces a nonrepresentative sample
for surveillance case reports.

By September 1, a total of 29
individuals with laboratory evi-
dence of recent Zika virus in-
fection and likely exposure in the
Wynwood area were identified.
Even with these extensive efforts,
however, the case counts were
not complete because most cases
are asymptomatic and those in-
dividuals do not seek medical
care. Furthermore, some might
have been infected earlier and did
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not have Zika virus RINA still
present in their urine.”’” Indeed,
these were not the earliest cases;
Grubaugh et al. used genomic
epidemiology methods to esti-
mate that there were at least 4,
and possibly as many as 40, in-
troductions of Zika virus that led
to local transmission in Florida,
which started several months
before its initial detection in July
2016.%

Similarly, between June and
October 2016, the New York
City DOHMH conducted sev-
eral enhanced surveillance efforts
for locally acquired mosquito-
borne Zika virus infections.
These included (1) sentinel sur-
veillance in neighborhoods
chosen on the basis of high counts
of travel-associated Zika in-
fections or having an environ-
mental habitat conducive to
mosquito breeding; (2) enhanced
passive surveillance, in particular
notifying providers to be alert; (3)
prioritizing Zika-associated rou-
tine case reports and laboratory
testing; and (4) adding a Zika-like
illness category to an existing
emergency department syn-
dromic surveillance system. Al-
though no evidence of local
transmission was detected, these
enhanced surveillance efforts
identified 15 suspected cases, 308
emergency department visits, and
17 spatiotemporal clusters of
emergency department visits for
fever that would otherwise not
have appeared in surveillance
data.*

Testing for Zika virus in
mosquito pools is another im-
portant public health surveillance
activity as mosquito surveillance
may trigger active surveillance
plus classification of suspected
cases. The discovery of mosqui-
toes infected with the virus in
Miami Beach in September 2016
led to active surveillance that
identified additional human

30,31

cases. Mosquito testing,
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however, depends on when and
where mosquito testing is done,
as well as the type of tests per-
formed (e.g., adult mosquitos vs
larvae), the motivation for testing
(active vs passive surveillance),
and the placement of insect traps
(e.g., in areas with the greatest
likelihood of infection). Mos-
quito testing is also far from
universal. In a study conducted
in 381 local vector-control de-
partments and districts in the 10
states in the southern United
States most likely to be affected
by Zika virus, only 67% con-
ducted routine surveillance for
mosquitoes through standardized
trapping and species identifica-
tion.>” This is probably an
overestimate if the 46% of de-
partments that did not respond to
the survey were less likely to
conduct surveillance. Further-
more, local areas in the other
states are less likely to conduct
mosquito surveillance or even
have a vector control
department.

Public health surveillance data
are reported on the basis of place
of residence rather than where the
exposure might have taken place.
For example, a man who lives in
New York City but visited South
Florida during a time of local
transmission would have his case
counted in New York City. This
is done partly for pragmatic rea-
sons, such as to avoid double
counting. Italso obviates the need
to make a judgment about where
the transmission might have taken
place. However, there is a degree
of circularity in the practice, as
New York City officials might
not count his case unless they
were aware that transmission was
taking place in Florida. For in-
stance, there seem to have been at
least 8 individuals from other
states or countries who were in-
fected in Florida in 2016 beyond
the 56 included in the state

30
counts.

The timing of case reports also
adds a degree of uncertainty to
the interpretation of surveillance
data. The time of infection is
usually not known unless it was
connected to a known exposure
during a limited trip to an affected
area, or, sometimes, sexual con-
tact with an exposed individual.
Rather, surveillance reports are
typically based on diagnoses
made following the onset of
symptoms, which, for a condi-
tion with mild symptoms such as
ZVD, can be difficult to know
with precision. Furthermore,
delays in reporting to the health
department and test completion
—especially when testing facili-
ties are limited—can mean that
trends in newly confirmed cases
seriously lag behind the time of
infection.

COMMENTARY

The purpose of surveillance—
passive and active—is to detect
and measure disease; however,
how the inputs of the system are
interpreted by decision-makers
and the public is another concern.
The purpose of this review is to
identify existing challenges in
making clinical and public health
decisions based on the current
system’s inputs. Taking into ac-
count factors that influence both
testing and reporting, it is rea-
sonable to assume that Zika sur-
veillance reports, like most
case-based surveillance systems,
substantially undercount the
number of true infections.
Moreover, who is screened, why,
and where they live or have
traveled all vary over time and
among population groups. What
tests are done, and when they are
done relative to the time of ex-
posure, also vary.

All of these factors may de-
pend on testing capacity, public
health guidance, and where local
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transmission is taking place, as well
as public and provider aware-
ness and knowledge. Aware-
ness and knowledge, in turn,
depend on what the media says
about these matters and in-
dividuals” access to different in-
formation sources, personal
beliefs, and health services. As

a consequence, case count trends
as well as geographical and other
differentials may reflect surveil-
lance “artifacts” as much as real
trends. Furthermore, because the
case definition depends in part on
epidemiological linkage, and be-
cause active surveillance may be
triggered by suspicion of local
transmission, there is an inherent
circularity in the number of cases
reported. Differing criteria in ep-
idemiological linkages in different
jurisdictions make difterences and
changes in the data harder to in-
terpret as real difference in in-
cidence and prevalence.

Epidemiologists recognize
these potential biases and typi-
cally note them and present their
surveillance reports with appro-
priate caveats. However, when
a disease is emerging and the need
for information is urgent, what
seem like subtle methodological
points to policymakers and the
public can easily become lost.>
Many of these biases can be de-
scribed with, “the harder one
looks, the more cases will be
found.” Ambiguity about the
actual epidemiological patterns,
therefore, can make it easier for
state and local officials concerned
with economic implications to
downplay reported cases and fail
to initiate active surveillance and
mosquito testing, as some have
suggested.””

Beyond awareness of potential
biases, a solution is to develop
population-based surveillance
systems that are less dependent on
individuals’ and their physicians’
decisions and, thus, less sensitive
to the circular effect described in
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this article. This consistency could
also improve the interpre-

tation of existing data. One pos-
sibility would be to use samples
drawn for other purposes such as
blood donation, as was done in
Puerto Rico.” Although these are
not representative populations,
statistical modeling based on data
about who is likely to donate
blood can be used to create
population-based estimates.”*
Blind surveillance can also be
done on a representative sample of
women in prenatal care or giving
birth, which would provide un-
biased estimates for a population
of interest. Blinded testing of
nationally representative samples
can also be used to estimate the
prevalence of Zika virus infection,
as was done in England and Hong
Kong during the 2009 HIN1
influenza pandemic.>**> None of
these solutions would be a pana-
cea—imperfect sensitivity and
specificity would still cause esti-
mates of the level of incidence and
prevalence to be somewhat in-
accurate. However, trends over
time and comparisons across lo-
cations would be more likely to be
accurate. AJPH
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