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Abstract

The pandemic of new coronavirus disease COVID-19 is thr..=n.~g our health, economy and life style.

Collaborations across countries and sectors as a One Healtk W ~rld could be a milestone.

We propose a general protocol, for setting timely a:tive :andom surweillance of COVID-19, at the human

community level, with systematic repeated det. <tir n efforts. Strengths and limitations are discussed.

If considered applicable by public health, the arotocol could evaluate the status of COVID-19 epidemics

consistently and objectively.
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1. Background

During December 2019, a new human disease (COVID-19) caused by the sewvere acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) emerged in China [1], and deweloped into a pandemic in three

months.

Health systems worldwide are trying to contain and resolve the outbreaks in the shortest time. Responses

appear to be variegated across the globe and sewveral countries reporting internationally, appear to be



following a traditional surweillance-control approach based on: a) case identification b) tracings and c)
daily reporting of: infected, recowered and deaths, at area and country level [1-2]. The suneillance of
clinical cases and traced contacts is particularly useful, especially at the beginning of an outbreak to limit

further spread.

Once a new disease spreads within a susceptible population, two surnweillance outputs are important to
inform actions of risk mitigation and disease control (Fig, 1), i.e. the “true” prevalence (TP) of infected
individuals (both symptomatic and not) and, if no cases are found, the confidence in “reedom” (PFree).
The TP is the proportion of truly infected that is estimated considering tne '1se of imperfect tests [3]. The
PFree instead, is the confidence that disease is absent in a pnnu.~tiun, or if present, it is below a
(beforehand) decided hypothetical cut-off prevalence Pu. In othar v.>:ds, the latter represents the cut-off
at which the population would be considered as infected, f at least one positive is found out of those
tested (n2). The concept of “freedom” from disease has alieady nad sewveral applications in the veterinary

field [4-5-6-7-8-9-10] and more recently, also in pub': hewin [11].

The aim of this article is to propose a general p. ‘tocol for setting randomised suneys (as frequently used
in weterinary suneillance), to the public heai~ settings to assess TP and PFree in a systematic and

objective manner. For more informatio”. an *re justification of this proposal, see accompanying paper [12].

2. Materials and methods

2.1. Possible general protr col for setting a random surveillance component for COVID-19

In the weterinary field, active random suneillance surweys are often used to estimate the TP and PFree,
and to decide where and when control actions could be prioritized. Similar outputs are needed to make

decisions in public health regarding the COVID-19 epidemic.

The use of repeated randomized surveys at the beginning of the outbreak (Fig. 1) could be applied to
substantiate freedom (if the pathogen has not been detected in the area) (phase A). If detection occurs,

the TP can be estimated to understand the level of infection in the population (phase B).



This can inform actions that can minimize the risk that the estimated mean TP reaches the threshold
prevalence ThreTP (Fig. 1, phase C) at which the related number of hospitalized people could be too
high, so that the health care system could be excessiwely stressed (Fig. 1, phase D). The decision-maker
could also choose to use any limit of the TP’s confidence interval rather than the mean, depending on
risk-appetite and room for uncertainty in the health system. Some examples of how to define threshold
prevalences, as well as setting (or comparing) survey prevalence results in the public health, are in [13-

14).

During phases D and E, estimating the TP would allow evaluating the aventual effect of “draconian”

measures (e.g. strict quarantine, closing borders etc.).

In Phase F, estimating the TP of infected would allow monitor.>a there are no relapses into phase D if
restrictions are relaxed; while in phase G, the output o, repeated surweys informs when to relax

measures, reassure the public and move resources to arras where urgency is higher.

A general description of how the protocol couls be conducted in real time, is shown in Fig. 2. Firstly, the
sample sizes (n1 and n2) are calculated, *o poten.ially address both purposes of: estimating TP (n1) and

if no cases are found, reaching aimed co'mr.once in freedom, PFree (n2).

Next, a randomized sample size of the target population Np, is selected to ensure that the obtained TP or

PFree are statistically reliable ana ~onsistent across repeated random surneys.

Due to the high transm ~sicn re.e of SARS-CoV-2, repeating the survey and its interpretation on weekly
or fortnightly (Fig. 2, blue I'he) could be sufficient. The frequency of the surveys would depend on the
resources available and on the management needs of public health authorities for improved decision
making, prioritizations and anticipating response needs (i.e., hospital beds, ventilators, medical staff on
location or on call etc.). Obviously, the more frequent the sureying the more updated and timely is the

information it provides.

The data analysis and interpretation of results (Fig. 2) gives the “picture” (with related uncertainties) of the

epidemiological phase of the outbreak (Fig. 1).



Then, authorities can use the outputs to decide if more actions and resources are needed to reduce the

TP in the area, or if this could be considered as “free” with confidence PFree.

In the sections below and in the supplementary material, some practical examples are provided to

illustrate the general principles and application of the protocol.

2.1.1. Example of sample size calculation to estimate the TP

Software programs (e.g. R, Excel, SAS, STATA etc) as well as links fron. the web [e.g. 15-16-17-18-19-

20] may be applicable, to calculate sample sizes for estimating TP e~ fo. *~aching the aimed PFree

For example, the sample size (nl) to estimate the TP could he ~alculated by using the Auswet link [15];
which is one of the widely used veterinary links we are most rulliar with. In that case the inputs needed
are: the aimed lewel of precision, the confidence interal (Cl) around the TP, the sensitivity (Se) and the
specificity (Sp) of the test used and the true pre..'=n.~ assumed (a priori) before the suney is carried out
(here called PriorTP) (Fig. 3). By adapting the 1. »ntioned inputs, the TP of antibody positive people could

be assessed as well.

For the first surwey, the PriorTP is dei. ed from the opinion of experts in public health or by using
apparent prevalences (AP) as rchoi~d from other infected areas to date. In the latter case, it must be
considered that AP estima*_~ c-uld be biased, if not based on simple random sampling and if not
corrected for imperfect te.* pe.ormance. Nevertheless, the uncertainty on the PriorPT will reduce with the
number of consecutive suneys carried out. Already at the second suney, the PriorPT would be set using
the TP estimated from survey one. In the third survey, the PriorPT could be set using the TP from the

previous surney and so on.

2.1.2. Example of sample size calculation to reach the aimed confidence in freedom (PFree)



The sample size (n2) to achieve the target confidence in freedom (PFree) can be calculated, for example
using the Auswet link [16] (Fig. 3). Confidence in freedom is only applicable for areas where disease is

expected being absent (TP around 0% and below design prevalence Pu) (Fig. 1, Steps A or G).

The Se could be set according to information on test’s performance from literature, or according to
experts knowledge. The Sp could be set to 100% if eventual false positives are ruled out by follow ups [4-

5.

The confidence in freedom before the first survey is made (called here P iorPFree) could be set = 50% [4-

5]. Whereas in the following testing, the PFree from the previous surve'’, ¢ ulu be used as PriorPFree.

The probability of introduction into the target population during tye sirey (or between two consecutive
suneys), is here called Pintro and could be set to 50% or t, 4. n the latter case it would be assumed
that during the surweying period (e.g. during a single ~.ay »f sampling) the probability of disease
introduction into the targeted population is negligible 1. ossible, it is suggested taking all the samples at
the same time. Setting Pintro = 50% would be moe conservative than using 0%, because it would

include the potential movement of infected neople ..ito the target population.

PriorPFree and PlIntro values of 50% caii oe considered “neutral” or conservative, because they resemble

a situation of missing/disregarding }'nc vledge e.g. from the past (as “tossing a coin”).

The required target confidence in nweedom (PFree) could be agreed within the task force unit. In the
wveterinary field, values ~f ™5 r 99% are usually considered sufficient to substantiate freedom from

disease at population level I*,-10].

2.1.3. Example of randomization process

An example of how to use the randomization process after calculating the sample sizes (n1, n2) is shown
in Fig. 3. If available, different software (e.g. Excel, SAS, R) and techniques from other working sectors
are equally applicable for this purpose; as long as the user understands the input parameters and the

uncertainty they carry on the outputs. Also, when the Np is defined, it could be assumed that eventual



disease spread into such populations is more or less homogeneous. This assumption seems reasonable,
if considering that the virus has spread worldwide within just a few months, and considering the
syndromic data reported to date from large infected areas and cities where several thousands of cases

occurred within just a few weeks from first detection.

3. Discussion

Although the principles of the surweying protocol are derived from the _nimal health realm, where they
have had extensive use [e.g. 4-5-6-7-8-9-10], a similar approach in <'inel'ance of the human population
could be applicable [11], and requires public health leadership .\t a first glance, the application of the
proposed principles and protocol (Fig. 1 to 3), could app.a as unfeasible; because it could require
owverpassing some social, logistic and economical barriers; 1s . ~ver seen before. Nevertheless, we must
also consider that this is a particular situation, whic," is :hallenging the health and economy as rarely
seen in history. If the virus has been able to ade >t across species, the human society should be able
adapting quickly too, by working across cauntries, sectors and communities. The protocol is not a strict
guideline with which ewverybody must coripr, =ather, is a proposal for potential solutions and it is only a
“starting” point open to improvements ancu adaptations across different capacities and realities. In Table 1,
are resumed some consideraticns on: strengths, limitations, and possible solutions for the protocol

applications.

Table 1. Strengths, limitations *nd possible solutions to consider for applying the proposed COVID-19 surweillance
and control protocol

Strengths

e The repeated application ofthe systematic protocol supplies TP and PFree estimates with traceable levels
of uncertainty

e The publiccould be advised on changing TP and PFree values (e.g. through the media) to encourage the
application of measures aimed atreducing TP (e.g. staying at home for several weeks).

e If avaccine is developed, the estimated TP and PFree could inform which areas and proportions ofthe
population need prioritization.

e The protocol could be adapted if the immunitylevel in the population needs to be evaluated (to estimate TP
of antibody positive people).

e Estimating the TP of infected people in infected areas can produce reliable parameters for simulation




models.

Estimating the TP of infected people ininfected areas can help deducing the number/proportion of
asymptomatic people

Aiming at reaching PFree 95-99% could give reasonable confidence (in probabilityterms), before restrictions

are relaxed or lifted

Limitations and possible solutions

Permissionto sample atrandom in the human needs to be considered quickly. However, itis very likely that
the vast majority of randomlyselected people will agree to participate, because ofthe urgency and a good
understanding among the public. Some considerations on survey’'s setting and comparing their outputs for
human populations can be found in [13-14]

Applying the protocol on a National scale in a population of several milliu. neople could be unfeasible ifthe
costs are perceived as too high and participation/capacityis low. Ne erth. 'ess ifthe protocol can be used
onlyin part of the affected countries, then the estimated TP could uc 1eneralized to other
areas/cities/regions thatseem to be in a similar: environmente;, o mr graphic, logistical and epidemiological
situation.

The target population Np could be considered as infinite fu. sar ple size calculations, ife.g. itis >10 000
people and is by far largerthan “n”. Otherwise calcul~tio.is ana adjustments for finite Np, could be applied
[e.g. seereference 14]

The surveillance can be expensive, but the c~~ts, ~eds to be balanced againstthe costof keeping
draconian restrictions on for extra time or,.mpl” menting them too late withoutgood evidence for decision
making (e.g. national borders closure Think a. 2rnatively, the private sector may be willing to contribute.
The protocol has been proposedto setsii nle random surveys atindividual level, but it could be applied at
different surveillance unitlevels by s 7 ifi :d random samplings. As an example, the protocol could be
adapted stratifying by age grouns or .~ the address household surveillance unitlevels. These would
resemble sample size calculc *ions .orthe veterinary clustering “herd” unitlevels [15-16]. Within cities, the

surveys could be prioritized tu areas from where people are being hospitalized.
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Figure 1. Hypothetical representation of phases (A-G) of suneillance and control of COVID-19 at human

population level. The dashed red cune represents an hypothetical true prevalence (TP) of infected

people that could be estimated by active random suneillance to inform about the “true” population

infection status in real time. A) Suneillance surveys are addressed to initial detection of disease, and if no

cases are found, the aimed confidence in freedom PFree could be reached (confidence to be below

design prevalence Pu). B) Disease is known to be circulating in the population and random suneys are



addressed to estimate the TP (with 95% CI) and awid reaching the threshold prevalence (ThreTP, X1),
above which the health care system could go under pressure due to high number of sever ill persons. C)
Critical situation starts at the hospitals. Red \ertical bar connecting ThreTP = X1 and hospitalization limit
Y1 of sewerely ill people (red horizontal bar). D) Critical situation due to TP > ThreTP and application of
“draconian” measures. E) Critical situation reduces at the hospitals due to TP = ThreTP (orange bar Y2-
X2). F) Disease is still known to be circulating in the population and random surweys are addressed to
estimate the TP to monitor the situation before relaxing restrictions. G) Surweillance surveys are
addressed at early detection of ewentual relapses of disease, and if no cases are found, the aimed
confidence in freedom PFree is confirmed

Figure 2. General protocol for surweillance of COVID-19 based ¢n re)eated random sureys: nl =
sample size to estimate true prevalence. TP = True prevalencz o. infected people within the target
population Np. The same protocol, with adapted inputs, can bc useu to estimate TP of antibody positive
people, if an antibody test is applied too; n2 = sample si7 2 to reach the aimed confidence in freedom,;
PFree = aimed confidence in freedom from disease at the a ~a/population lewel, if no cases are found
through the suney. Np = owerall target population in t1e area, from where the study population nl and/or
n2 are sampled. ThreTP = threshold true prevai.nce at which the health care system goes under

pressure.

Figure 3. Detailed description example, ©. sample size calculation and randomization processes for
repeated suneys. PriorTP = The tni2 p.~valence (TP) assumed before the suney is made. Se = test
sensitivity. Sp = test specificity. I"'ntro = Probability of introduction into the targeted population Np (e.g.
during 1 or more sampling davs o1 during time elapsed between two consecutive suneys). PFree = The
aimed confidence in freedor: . be substantiated by the surwey, if all samples (n2) result negative (TP <
Pu); Np = The size of th. pczulation (Np) within the targeted area and considered for the randomization
process. Pu = The desigr rrevalence of infected people (Pu), at which we can have at least one positive
result out of n2 sampled with the tests used. N.B. If both n1 and n2 are calculated, by using the biggest of
the two sample sizes, would prepare for both outputs, namely TP (if at least one person is positive) and

PFree if all sampled persons result negative.



Highlights

e A base protocol is proposed for setting active random suneillance of COVID-19
e The protocol is based on widely known wveterinary sunweillance methodologies

e By applying the protocol, COVID-19 epidemics could be consistently assessed
e The protocol could be a milestone in the battle against the pandemic

e Authorities could consider if the protocol is applicable for public health



