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Since the 2007 Zika epidemic in the Micronesian state of Yap, it has been apparent that not all people infected with
Zika virus (ZIKV) experience symptoms. However, the proportion of infections that result in symptoms remains unclear.
Existing estimates have varied in their interpretation of symptoms due to other causes and the case definition used, and
they have assumed perfect test sensitivity and specificity. Using a Bayesian model and data from ZIKV serosurveys in
Yap (2007), French Polynesia (2013-2014), and Puerto Rico (2016), we found that assuming perfect sensitivity and
specificity generally led to lower estimates of the symptomatic proportion. Incorporating reasonable assumptions for
assay sensitivity and specificity, we estimated that 27% (95% credible interval (Crl): 15, 37) (Yap), 44% (95% Crl: 26,
66) (French Polynesia), and 50% (95% Crl: 34, 92) (Puerto Rico) of infections were symptomatic, with variation due to
differences in study populations, study designs, and case definitions. The proportion of ZIKV infections causing symp-
toms is critical for surveillance system design and impact assessment. Here, we accounted for key uncertainties in exist-
ing seroprevalence data and found that estimates for the symptomatic proportion ranged from 27% to 50%, suggesting
that while the majority of infections are asymptomatic or mildly symptomatic, symptomatic infections might be more

common than previously estimated.

Markov chain; serological tests; signs and symptoms; Zika virus; Zika virus infection

Abbreviations: Crl, credible interval; IgM, immunoglobulin M; ZIKV, Zika virus.

Zika virus (ZIKV; family Flaviviridae, genus Flavivirus) has
been known to infect humans since the mid-20th century, but
was not known to cause outbreaks until 2007, when ZIKV
emerged in the Micronesian state of Yap and infected an esti-
mated 73% of the population (1). This epidemic potential was
confirmed by an explosive outbreak in French Polynesia in
2013-2014 (2), subsequent spread to other Pacific islands (3),
and emergence in the Americas in 2015-2016 (4, 5).

Since the Yap epidemic, it has been clear that many ZIKV in-
fections are asymptomatic, yet severe complications such as
birth defects due to congenital infection (6) and Guillain-Barré
syndrome (7) also occur. More common clinical manifestations
include fever, rash, conjunctivitis, and joint pain (1, 8). A study
following the Yap outbreak found that 38% of those with sero-
logical evidence of infection had symptoms consistent with
Zika disease, as did 19% of those without serological evidence
of infection (1). With adjustments for sampling design, the study
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estimated that approximately 18% of those infected had symp-
toms attributable to ZIKV infection, implying that approxi-
mately 1 in 5 ZIKV infections were symptomatic. In the same
outbreak, however, 108 out of 113 (96%) persons who sought
health care with Zika symptoms and had a convalescent serum
sample collected were positive for ZIKV RNA or anti-ZIKV
immunoglobulin M (IgM). This high rate of positivity indi-
cates that the majority of people with Zika-like symptoms who
sought care and were tested were indeed infected with ZIKV,
suggesting that many of the serosurvey participants who re-
ported Zika symptoms but had negative IgM test results might
in fact have been infected with ZIKV. If large numbers of truly
infected symptomatic participants had negative IgM results,
estimates of the prevalence of symptoms among those infected
could be biased downward.

Two other studies estimated a higher proportion of symptom-
atic infections than that reported in the Yap study. A serosurvey
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at the end of the French Polynesia outbreak estimated that 47%—
67% of persons with positive serology reported symptoms sug-
gestive of Zika disease, although this estimate did not account
for symptoms from non-ZIKV etiologies (9). While not a
population-based study, a cluster investigation in Puerto Rico
found that 43% of those with laboratory evidence of ZIKV
infection were symptomatic as compared with 13% of those
with ZIKV-negative laboratory results (8). Furthermore,
each study used a different set of symptoms in their case defi-
nition, complicating our understanding of symptomatic dis-
ease caused by ZIKV infection.

Understanding the Zika symptomatic proportion, the pro-
portion of ZIKV infections that result in a defined set of symp-
toms, is essential to Zika epidemiology because it is a key link
between observed disease and the true incidence of infection.
This link is important to surveillance systems, which generally
rely on detecting symptomatic cases, and to risk assessments,
which rely on estimates of infection dynamics to support pre-
vention and control activities. Here, we expanded previous esti-
mation approaches by using a Bayesian inference framework to
account for imperfect assay performance and for the possibility
that reported symptoms could have been caused by both ZIKV
infection and by other, unidentified causes over the same report-
ing period. We applied this more refined model to data from
the Yap, French Polynesia, and Puerto Rico studies to com-
pute revised estimates of the Zika symptomatic proportion that
account for these effects. We evaluated the modeling frame-
work first by assessing estimates under assumptions of imper-
fect sensitivity and specificity in the range, 70%—100%. Next,
we estimated the Zika symptomatic proportion with reason-
able prior estimates for assay sensitivity and specificity based
on characteristics of assays for ZIKV and other flaviviruses.
Finally, we estimated the symptomatic proportion considering
the prior information on assay characteristics and relaxing the
assumption that symptoms due to ZIKV infection and other
causes were mutually exclusive.

METHODS
Outbreak data

Original, unadjusted serosurvey and symptom data from
the outbreaks in Yap (2007), French Polynesia (2013-2014),
and Puerto Rico (2016) were used as model inputs (Table 1)
(1, 8, 9). We did not stratify by any demographic factors such
as age or sex. For French Polynesia, the number of seronega-
tive symptomatic individuals was not previously published
and is included here. For the Puerto Rico data set, we used
only serological test results, not those obtained through

Table1. Seroprevalence Data From Yap (2007), French Polynesia
(2013-2014), and Puerto Rico (2016)

Symptoms Reported (S)
Test Result (T) Yap ler;:::ia Puerto Rico
Yes No Yes No Yes No
Positive 156 258 55 42 48 49
Negative 27 116 27 72 35 235
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nucleic acid testing, for comparability to the other 2 studies.
We assumed that serological test results did not differ by sex
based on evidence of similar seroprevalence by sex for each
study considered and no other evidence of differences in anti-
body duration by sex. The symptomatic case definition in each
study was based on a list of symptoms, at least one of which
was required to be counted as symptomatic: In the Yap study
these included joint pain, rash, or conjunctivitis; in the French
Polynesia study, joint pain, rash, conjunctivitis, hand or foot
swelling, or fever; and in Puerto Rico, joint pain or rash.

Model

Let Z indicate the event that a person was (Z*) or was not
(Z7) infected with ZIKV, and T indicate the event that a per-
son tested positive (TF) or negative (T~) for ZIKV. Let S
indicate that a person reported (S*) or did not report (S™)
symptoms consistent with the Zika case definition. Finally,
among people with symptoms, let C indicate a person with
symptoms caused by ZIKV infection and C’ a person with
symptoms not caused by ZIKV infection. The intersection of
C and C’, C n C', is the event that a person reported symp-
toms caused both by ZIKV and by another etiology. We use
the parameter y to represent a binary choice between inclu-
sion (y = 1) or exclusion (y = 0) of this group, C n C’. This
parameter is included because this possibility was excluded
from previous analyses and can be particularly important for
seroprevalence studies in which the extended follow-up period
allows for multiple episodes of illness. Finally, note that under
this model, only values for S and T are observed, with S*t=
cucC.

Using these definitions and the respective parameters described
in Table 2, we used a Bayesian model and employed Markov
chain Monte Carlo methods to estimate: P, the probability that
an individual was truly infected by ZIKV; Ps;, the probability
that a ZIKV infection resulted in symptoms; and Pyg, the base-
line probability of symptoms not related to ZIKV infection.
The number of people in each category of test result and symp-
tom report, X = (X7+s+, X7+5-, X7-5+, X7-5-), Was assumed
to be the result of a multinomial process X ~mult(n, p),
where n is the total number of individuals in the population
and p the vector of probabilities for each specific group as
follows:

Pr+s+ = sen Pz (Psz + Psg — (YPsz Psp))
+ (1 — spe)(1 — Pz)Psp

pr+s- = Sen Pz (1 — Pz — Psg + (YPsz Psp))
+ (1 = spe)(1 — Pz)(1 — Psp)

Pr-s+ = spe (1 — Pz)Psg + (1 — sen)Pz
X (Psz + Psg — (YPsz Psp))

Pr-s- = spe (1 — Pz)(1 — Psp) + (1 — sen)Pz
X (1 = Psz — Psp + (YPszPsp)).

Sensitivity and specificity of serological testing, denoted by
sen and spe, respectively, were assigned either fixed values or
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Table2. Parameter Definitions Used in an Analysis of the Symptomatic Proportion of Zika Virus Infections in

Multiple Countries, 2018

Parameter Description Notation

Py Probability of ZIKV infection P[Z*]

Py Probability of having symptoms caused by ZIKV P[CIZ*]

Psp Baseline probability of symptoms P[C'1Z7] = P[C1Z*)?
sen Sensitivity of the test P[T*ZH]

spe Specificity of the test P[T™IZ7]

% Indicator for inclusion of outcome Cn C’ { (1) do I;ii;ﬁfileugencg ¢

Abbreviations: C, symptoms caused by ZIKV; C’, symptoms not caused by ZIKV; T*, positive diagnostic test result;
T-, negative diagnostic test result; ZIKV, Zika virus; Z*, infected with Zika virus; Z~, not infected with Zika virus.
2 We assumed that the rate of symptoms not caused by ZIKV is the same for ZIKV-infected and not-ZIKV-infected

persons.

informative prior distributions, as described in Web Appendix 1
(available at https://academic.oup.com/aje), for each analysis.
P;, Psz, and Psg were considered unknown and were assigned
beta(1, 1) prior distributions. The Markov chain Monte Carlo
simulation was performed using JAGS, version 4.2.0, imple-
mented through R, version 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria), with the rjags, version 4-6, and
coda, version 0.19—1, packages (10-12). Simulations were ini-
tialized with randomly drawn values between 0 and 1 for all
free parameters. For simulations where y = 0, the sum of the
initial values of Ps; and Psg was restricted to be less than 1, as
the sum of these parameters is the total probability of a person
with ZIKV infection experiencing symptoms and that proba-
bility cannot be greater than 1. For all simulations, 1,000,000
iterations from each of 3 chains were performed with a thinning
interval of 1,000 and a burn-in of 10,000 iterations. Conver-
gence was assessed using Gelman and Rubin’s diagnostic (13).

Assessing the importance of imperfect sensitivity and
specificity

We scanned over a broad range of sensitivity and specificity
values to characterize the effect of these parameters on estimates
of the symptomatic proportion. For each data set, we performed
49 Markov chain Monte Carlo simulations for each location
using fixed sensitivity and specificity values in the range of
0.70-1.00 in intervals of 0.05 and assuming symptoms were
not mutually exclusive (y = 1).

Estimating the symptomatic proportion

For each outbreak, we estimated Ps; under 3 conditions. For
the “original” model, we assumed 100% sensitivity, 100% spec-
ificity, and mutually exclusive symptoms (y = 0). We then used
informative prior distributions for sensitivity and specificity, as
described in Web Appendix 1, to estimate Ps; assuming an
“imperfect test” and mutually exclusive symptoms (y = 0).
Sensitivity was assigned a prior distribution with a median
value of 0.95 with 95% probability mass in the interval 0.85-0.99,
and specificity had a median value of 0.96 with 95% probability
mass in the interval 0.80—1.00 (Web Table 1). Finally, we used
the same informative priors for sensitivity and specificity but

allowed symptoms not to be mutually exclusive (y = 1),
“imperfect test with symptom overlap.”

RESULTS

We first estimated the proportion of infections that
were symptomatic and the overall proportion infected at
fixed values of sensitivity and specificity in the range of
70%-100% for Yap, French Polynesia, and Puerto Rico
while allowing for symptoms to be caused by Zika and other
illnesses. In general, the estimated proportion of symptomatic
infections increased with lower sensitivity or specificity
(Figure 1A—1C). As testing accuracy decreases, distinguishing
those who were truly infected and those who were not is more
difficult. As a result, the observed difference in symptom fre-
quency between those who test positive and those who test
negative is relatively small and represents an underestimate of
the true symptomatic proportion. When considering the lower
sensitivity or specificity explicitly, the estimated symptom-
atic proportion is therefore generally higher than the observed
difference when assay accuracy was not accounted for. This
effect, however, might change at boundary conditions. For
example, if 85% of symptomatic individuals tested positive
(as in the Yap seroprevalence study), and specificity is
fixed, the maximum estimated Zika symptomatic propor-
tion occurs at 85% sensitivity. At sensitivities below this
threshold, more actual infections can be accounted for only
as asymptomatic cases, driving the estimated symptomatic
proportion down. In most situations, however, assuming per-
fect sensitivity and specificity leads to lower estimates of the
proportion of infections resulting in symptoms.

The impact of test sensitivity and specificity varied by epide-
miologic setting. For Yap, where ZIKV prevalence was high,
variation of the symptomatic proportion across specificity val-
ues for a given sensitivity was small (Figure 1A). The opposite
was true for Puerto Rico, where prevalence in the study popula-
tion was low and estimates were highly dependent on specific-
ity (Figure 1C). French Polynesia, which had ZIKV prevalence
near 50%, was intermediate between Yap and Puerto Rico with
respect to the relative effects of sensitivity and specificity
(Figure 1B). The estimated proportion infected also varied,
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Figure 1. Simulation showing the effect of sensitivity and specificity on estimates of the symptomatic proportion and Zika virus (ZIKV) infection prev-

alence in Yap (2007), French Polynesia (2013—2014), and Puerto Rico (2016). The top row shows the effect of different values of sensitivity (line style)
and specificity (x-axis) on point estimates of the median proportion of ZIKV infections that were symptomatic in studies in Yap (A), French Polynesia
(B), and Puerto Rico (C). The bottom row shows the corresponding estimates of infection prevalence for the study populations in Yap (D), French Poly-
nesia (E), and Puerto Rico (F). In each of these simulations, we assumed that symptoms caused by ZIKV and other illnesses could overlap (y = 1).

increasing with higher specificity (a higher proportion of test
positives are true infections) and decreasing with higher sensi-
tivity (a lower proportion of test negatives are true positives)
in each setting (Figure 1D-1F). Again, the strength of the ef-
fects was different across locations, with sensitivity being the
most important driver for Yap and specificity the most impor-
tant driver for Puerto Rico.

With sensitivity and specificity both fixed at 100% and
assuming that all symptoms were caused either by ZIKV or by
some other disease, but not by both simultaneously (“original”),
the posterior medians and 95% credible intervals for the esti-
mated proportion of ZIKV infections that caused the symp-
toms recorded in each study population were 0.18 (95%
credible interval (Crl): 0.11, 0.26) for Yap, 0.29 (95% CrI:
0.16, 0.42) for French Polynesia, and 0.37 (95% Cirl: 0.25,
0.47) for Puerto Rico (Figure 2A-2C). The estimate for Yap is,
as expected, very similar to the previously published estimate of
0.18 (95% CitlI: 0.10, 0.27) despite slightly different methods
(1). We then incorporated prior distributions for sensitivity and
specificity (approximately 85%-99% and 80%-100%, respec-
tively) and reestimated the proportion of symptomatic infections
(“imperfect test”). For all locations, the estimates increased
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slightly and had higher upper uncertainty bounds: 0.23
(95% Crl: 0.12, 0.36) for Yap, 0.33 (95% Crl: 0.18, 0.52) for
French Polynesia, and 0.44 (95% Crl: 0.29, 0.85) for Puerto
Rico. This formulation implicitly assumes that the symptoms
a person reports result from ZIKV or a non-ZIKV illness but
not both. Next, we relaxed this assumption by accounting
for the possibility that a single individual could experience
symptoms from multiple causes independently (“imperfect
test with symptom overlap”), and again the estimates increased.
The posterior medians for the proportion of symptomatic infec-
tions in this model were 0.27 (95% Ct1: 0.15, 0.37) for the study
in Yap, 0.44 (95% Cirl: 0.26, 0.66) for French Polynesia, and
0.50 (95% Citl: 0.34, 0.92) for Puerto Rico. The estimated pro-
portion of people infected with ZIKV who had symptoms from
both ZIKV infection and another cause also varied across
studies: 0.04 (95% Crl: 0.01, 0.05) for the study in Yap, 0.11
(95% CrL: 0.07, 0.17) for French Polynesia, and 0.06 (95%
Crl: 0.04, 0.12) for Puerto Rico.

Prevalence estimates also varied between these models
(Figure 2D-2F). Allowing for imperfect sensitivity and spec-
ificity led to a slight prevalence increase in Yap and decrease
in Puerto Rico, with increased uncertainty in all 3 settings.
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Figure 2. Estimated symptomatic proportion and Zika virus (ZIKV) infection prevalence under different models in Yap (2007), French Polynesia
(2013-2014), and Puerto Rico (2016). The top row shows the estimated proportion of ZIKV infections that caused symptoms in studies in Yap (A),
French Polynesia (B), and Puerto Rico (C), using 3 different models: “original” model, with a perfect assay and mutually exclusive causes of symp-
toms; “imperfect test,” with an imperfect assay and mutually exclusive causes of symptoms; and “imperfect test with symptom overlap,” with an
imperfect assay and symptoms that could simultaneously result from both infection and other causes. Note that each study used unique case defi-
nitions for identifying symptomatic individuals. The bottom row shows the corresponding estimates of infection prevalence for the study populations
in Yap (D), French Polynesia (E), and Puerto Rico (F). The boxes and bars show the 50% and 95% credible intervals.

Including potential symptom overlap did not have a substan-
tial effect on prevalence estimates.

Under all models, the estimated baseline prevalence of symp-
toms not caused by ZIKV during each outbreak corresponded
closely to the inclusiveness of the particular symptoms used to
define the Zika case definition. Estimates were greatest for the
French Polynesia data, which used the broadest definition, and
lowest for Puerto Rico, which used the most restrictive set of
symptoms (Web Figure 1).

DISCUSSION

Data from the first reported ZIKV outbreak, in Yap, suggested
that Zika symptoms occur in approximately 1 in 5 ZIKV infec-
tions (1). However, as large ZIKV epidemics spread through the

Pacific and the Americas, higher estimates of the symptomatic
proportion emerged (8, 9). We used data on ZIKV outbreaks
from Yap, French Polynesia, and Puerto Rico and a Bayesian
model to show that, in addition to differences in symptomatic
case definitions, assumptions about serological assay sensitiv-
ity and specificity and potential symptom overlap between Zika
and other diseases can affect estimates of the Zika symptomatic
proportion. Using reasonable values for sensitivity and specific-
ity, and assuming symptoms could result from ZIKV infection,
other diseases, or both, we estimated that 15%—-37% of ZIKV
infections caused symptoms in the study in Yap, 26%—66% in
French Polynesia, and 34%—-92% in Puerto Rico, according to
their respective case definitions.

Serosurvey data have been a key element in understanding
the spread of ZIKV (1, 9, 14—18), but accounting for the char-
acteristics of the serological assay used could make inferences

Am J Epidemiol. 2019;188(1):206-213
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more accurate. As shown here, the sensitivity and specificity
of diagnostic assays play a key role in estimating the propor-
tion of ZIKV infections that cause symptoms and the propor-
tion of the population infected. However, these values are not
well-characterized and likely vary across different assays and
populations due to cross-reactivity with other flaviviruses.
Additionally, antibody titers vary over time, with IgM titers
in particular rising in the first week after symptom onset and
decreasing within several months as IgM titers do for dengue
(19, 20).

The effects of imperfect sensitivity and specificity depend
on the epidemiologic context, specifically the prevalence of
infection. Assay sensitivity affects the classification of those
who are truly infected, and therefore has the greatest impact
in high-seroprevalence settings. Symptomatic infected indi-
viduals with false-negative serology inflate the prevalence of
symptoms among those thought to be uninfected, leading to a
lower perceived difference in the probability of being symp-
tomatic. Meanwhile, specificity had a greater impact on estimates
in low-prevalence settings, given that specificity determines how
accurately the infection status of the relatively larger uninfected
population is classified. In these settings, uninfected asymptom-
atic individuals with false-positive serology reduce the prevalence
of symptoms among those who test positive and are thought to be
infected. Location-specific estimates might also benefit from
incorporating other available data, such as the Yap data on
symptomatic people seeking care, which provide another indi-
cator of the prevalence of ZIKV infection among people with
symptoms during that outbreak.

Another challenge in assessing the proportion of infections
that are symptomatic is the lack of a consensus clinical case
definition. Disparate clinical criteria are used in the case defi-
nitions of health organizations, including the US Centers for
Disease Control and Prevention and the World Health Orga-
nization, each of which have different discriminatory charac-
teristics (21). Each of the 3 studies considered here defined a
symptomatic case as a person experiencing at least one of a set
of symptoms, with a different set for each study. Between the
2 studies with most similar study designs, Yap and French
Polynesia, the latter had a broader case definition and a higher
estimated symptomatic proportion. Despite having the most
limited case definition, Puerto Rico had the highest estimated
symptomatic proportion, possibly due to a different study
design. In that study, participants resided near recently infected
individuals and might have been recently infected themselves,
whereas in the Yap and French Polynesia studies, participants
recalled symptoms from up to several months before. The lon-
ger follow-up periods might have more recall bias but also more
opportunity for participants to experience other diseases; higher
baseline symptom risk was evident for both of the longer studies
(Web Figure 1). The estimated proportion of ZIKV infections
with reported symptoms caused by ZIKV and another cause
was highest for French Polynesia, which could indicate that the
longer follow-up period in addition to the broader case defini-
tion led to observing more symptoms among infected indivi-
duals. This possibility is particularly likely as ZIKV and 2 dengue
virus serotypes circulated concurrently in French Polynesia (2).
While the follow-up period for Yap was similar, Yap had no evi-
dence of dengue or other outbreaks in the population over that
period, possibly leading to the relatively lower estimated overlap.
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Different case definitions, recall bias, and the local epidemiology
of other diseases clearly contribute to uncertainty and variation
between studies.

Several other limitations inhibited estimation of an overall
symptomatic proportion. We did not account for demographic
factors that might be associated Zika symptoms or care-seeking
behavior. For example, older age groups and women might be
more prone to develop symptoms given ZIKV infection (1, 8, 9).
Because women and older individuals were overrepresented in
both the Puerto Rico and Yap studies, the resulting estimates of
the symptomatic proportion could be inflated for the general pop-
ulation if the probability of symptoms does differ according to
sex and age (1, 8). Other factors affecting the baseline health sta-
tus of a given population could also cause variation in the propor-
tion of symptomatic ZIKV infections. For example, the presence
of a concurrent outbreak of another disease could lead to higher
baseline symptom rates as described above, but also to immune
interactions that could increase or decrease the likelihood of
symptoms due to ZIKV infection. Study design elements, such
as the diagnostic assays used and timing of serological surveys
relative to the actual outbreak, also differ between studies.

Our estimates for the Zika symptomatic proportion, ranging
from 15%-37% for the Yap study to 34%—-92% for the Puerto
Rico study, are in agreement with data from blood-donor stud-
ies. In French Polynesia, 26% of asymptomatic ZIK'V reverse-
transcriptase polymerase chain reaction (RT-PCR)-positive
blood donors experienced ZIKV-like symptoms 3—10 days
after donation, and 55% reported symptom onset in the week
following their donation in Martinique (14, 15). While the
blood-donor studies did not account for symptoms due to
other causes, the restricted timeframe would substantially
reduce the number of individuals potentially experiencing
unrelated symptoms. As with the studies considered in our
analysis, the role of varying case definitions and study designs
must also be considered when interpreting the blood-donor
data. Our estimates are also in the same range as other
mosquito-borne flaviviruses such as dengue viruses (5%—68%
depending on previous infections) and yellow fever virus (26%—
63%) (22, 23).

Because most surveillance systems rely on the passive re-
porting of symptomatic disease, the fraction of symptomatic
cases represents an upper bound of the proportion of infec-
tions that could be reported. For every reported symptomatic
case, many more undetected infections are likely because of
limited care-seeking, incomplete reporting, and asymptom-
atic infections. For example, in the Puerto Rico study, 55%
of participants with symptomatic ZIKV infection sought care,
and 18.5% of those seeking care were reported to the passive
surveillance system (8). Given the substantial number of ZIKV
infections invisible to medical care, researchers, and the public,
Zika surveillance systems must be designed with the consider-
ation that most infected persons will not experience disease.
For example, congenital birth defects might occur because of
asymptomatic infection during pregnancy (24). Likewise, screen-
ing for symptoms can reduce the number of infected blood do-
nors but will not eliminate that risk without laboratory testing.
The symptomatic proportion is also important for estimating
population-level infection rates over the past 2 years. Such rates
could inform assessment of the possibility for ongoing transmis-
sion and new large-scale epidemics (25, 26) as well as planning
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for vaccine trials and vector control. Finally, the symptomatic
infection proportion is critical for public communication; the
low symptomatic proportion is precisely the reason that, in the
midst of an epidemic, it can seem as if few people are actually
sick.
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