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Abstract
At the request of the European Commission, EFSA prepared these specific guidelines to guide the
surveyor through the design of statistically sound and risk-based surveys for Phyllosticta citricarpa,
integrating the key biological information. Based on examples, three different survey designs are
simulated: (i) detection surveys to substantiate pest freedom, (ii) delimiting surveys to determine the
boundaries of an infested zone, and (iii) buffer zone surveys to monitor a zone ensuring pest
detection at low levels of prevalence. The first step of the survey design consists of setting the goals
of the survey, characterising the host plant population and the methods used to identify the pest. All
survey parameters are quantified taking into account the importance of the related assumptions. The
more accurate and robust the information used for selecting and estimating the survey parameters,
the more robust the conclusions of the survey will be. The second step of the survey design consists
of the sample size (i.e. number of trees) calculation using the survey parameters as inputs of the
proposed statistical tool (EFSA RiBESS+). The last step of the survey design is the allocation of the
samples in the survey area which depends on the information available on the target population and
risk factors. The robustness of the conclusions of surveys designed using the proposed approaches
strongly depends on the survey preparation. The methodology proposed allows surveys to be
compared across time and space, thus contributing to the harmonisation of the P. citricarpa surveys
across the EU. The extremely flexible approach allows the surveys to be tailored to each specific
situation in the Member States, taking into account the citrus tree distribution and available resources.
The success of a good survey design relies on the technical aspects of the survey preparation and on
the involvement of the risk managers.
© European Food Safety Authority, 2020

Key words: buffer zone, confidence level, delimiting, design prevalence, detection, epidemiological
units, infested zone
Requestor: Directorate-General for Health and Food Safety, European Commission
Question number: EFSA-Q-2019-00282
Correspondence: ALPHA@efsa.europa.eu

www.efsa.europa.eu/publications

EFSA Supporting publication 2020:EN-1893

Phyllosticta citricarpa specific guidelines for survey

Acknowledgements: EFSA wishes to thank the following for the support provided to this scientific
output: Makrina Diakaki and Giulia Mattion. EFSA wishes to acknowledge the Member State
institutions that contributed to the two workshops held in Malta in October 2018 and in Portugal in
November 2019 for the development of the survey approaches for Phyllosticta citricarpa. EFSA also
wishes to acknowledge the Netherlands Food and Consumer Product Safety Authority (NVWA) and the
Julius Kühn-Institut (JKI) in Germany for the support provided to this scientific output in the context
of grant GP/EFSA/ALPHA/2017/02.
Suggested citation: EFSA (European Food Safety Authority), Lázaro E, Parnell S, Vicent Civera A,
Schans J, Schenk M, Schrader G, Cortiñas Abrahantes J, Zancanaro G and Vos S, 2020. Guidelines for
statistically sound and risk-based surveys of Phyllosticta citricarpa. EFSA supporting publication
2020:EN-1893. 75 pp. doi:10.2903/sp.efsa.2020.EN-1893
ISSN: 2397-8325
© European Food Safety Authority, 2020
Reproduction is authorised provided the source is acknowledged.

www.efsa.europa.eu/publications

2

EFSA Supporting publication 2020:EN-1893

Phyllosticta citricarpa specific guidelines for survey

Summary
At the request of the European Commission, to support the EU Member States (MSs), EFSA prepared
specific guidelines for the survey of Phyllosticta citricarpa. This document guides the surveyor through
the design of statistically sound and risk-based surveys for P. citricarpa, integrating into the survey
design the key information gathered using the pest survey card for P. citricarpa (EFSA, 2020).
Three different survey aims are distinguished: detection surveys to substantiate pest freedom in an
area or country, delimiting surveys to determine the boundaries of an infested zone, and buffer zone
surveys to create a zone that serves as a buffer to the rest of the area or country, ensuring pest
detection even at low levels of prevalence. The guidelines have been developed based on examples
to illustrate the design of these three types of surveys.
The first step of the survey design consists of setting the goals of the survey, characterising the host
plant population and the methods used to identify the pest. For this it is necessary to quantify the
survey parameters and consider the importance of the assumptions that are made for each one of
them. When setting the design prevalence and the confidence level of the survey, the chosen values
should reflect the goals of the survey and the compromise between the resources needed to
implement it and the level of risk posed by the pest that risk managers are willing to accept. Detailed
information on the land use in the survey area is needed to determine the size of the target
population and its hierarchical structure. The host plant population can then be defined by
subdividing it into units that are homogeneous in terms of the epidemiology of the disease caused by
P. citricarpa. To characterise the risk factors that will make it possible to better target the surveys to
those areas where the probability of infections is higher, the relative risks can be estimated using
expert knowledge or by means of data analysis that enables relative risk estimation. An average
method sensitivity needs to be estimated by combining the sampling effectiveness and diagnostic
sensitivity, which is particularly challenging for P. citricarpa as it varies depending on the plant organs
that are tested, so a conservative approach is recommended here. The better the information used to
select and estimate the survey parameters, the more robust the conclusions of the survey will be.
In the second step, the sample size (i.e. number of trees) is calculated using the survey parameters
as inputs of the proposed statistical tool (EFSA RiBESS+). The mathematical principles behind the tool
are in line with the recommendations and guidelines provided by the International Plant Protection
Convention (IPPC) in the various International Standards for Phytosanitary Measures (ISPMs) and
guidelines for pest surveys. In addition, RiBESS+ (the tool for calculating the survey sample using a
statistically sound and risk-based approach) is routinely used in surveillance activities in animal
health. The approach in these guidelines has been further developed and tailored to the surveys of
P. citricarpa. Based on the examples developed in the guidelines, the more detail that is available
when selecting and estimating the survey parameters, the more targeted the survey design can be,
and consequently the lower the sample size and the more robust the conclusion of the survey will be.
The last step of the survey design is the allocation of the samples in the survey area. Depending on
the information available on the target population and risk factors, the samples could be allocated
proportionally to the number of epidemiological units, or to the number of risk locations or to the host
plant population in the survey area. If no information is available, the samples could randomly be
distributed across the survey area.
The robustness of the conclusions of surveys designed using the proposed approaches depends
strongly on the survey preparation. The methodology proposed here allows surveys to be compared
across time and space, thus contributing to the harmonisation of surveys within and across the EU
MSs.
Considering that in the EU the survey implementation is at MS level, and that the data required for
preparing the surveys are available at national or even regional level, the developed approach should
be tailored to each specific situation in terms of host plants and resources. The approaches and tools
provided for the surveys of P. citricarpa are extremely flexible and the success of a good survey
design relies on the technical aspects of the survey preparation as well as on the involvement of the
risk managers.
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Introduction
At the request of the European Commission, EFSA was asked to support the EU Member States (MSs)
in the preparation and planning of the surveys of the EU quarantine pests (EFSA mandate on plant
pest surveillance M-2017-0137). In this context, EFSA prepared the Phyllosticta citricarpa survey
toolkit that includes: (i) the general survey guidelines (EFSA, in preparation), which describe the
context in which the surveys are to be performed (legal, international standards, scientific
knowledge), and the basic principles and approaches that are implemented for surveillance of EU
quarantine pests; (ii) the pest survey card on P. citricarpa (EFSA, 2020), which guides the surveyor
through gathering the information needed to prepare a survey; (iii) this document, the specific
guidelines for P. citricarpa, which guide the surveyor in the design of statistically sound and riskbased surveys, integrating the key information gathered using the pest survey card, and processing
the information for the estimation and allocation of the sampling effort; and (iv) the statistical
software RiBESS+1 for the calculation of the sample size (i.e. number of citrus trees).
The surveillance activity should be planned in three steps:
1. The first step is the survey preparation. This is described in the pest survey card on P. citricarpa
(EFSA, 2020), where the objective is to define and characterise:
-

the target population (extension and structure)

-

the epidemiological units

-

the risk factors and related risk sites

-

the inspection units

-

the detection, sampling and identification methods (time, symptoms, sampling matrix,
sampling procedure, lab tests).

2. The second step is the survey design. This is described in this document, and it is necessary to
quantify each survey parameter (indicating the related assumptions) as inputs of the statistical tool
(e.g. RiBESS+):
-

the aim of the survey (design prevalence, confidence level)

-

the target population (size)

-

the epidemiological units (number of units) and host plant proportion within each unit

-

the risk factors (relative risk and the proportion of the host plant population to which each
risk factor applies)

-

the method sensitivity, including sampling effectiveness and diagnostic sensitivity.

The resulting sample size is then allocated to subdivisions of the target population or to the target
population as a whole.
3. The third step is the survey implementation, data collection and reporting. The implementation of
the survey includes the field inspections, sample collection and testing of samples. In order to report
on the survey activity, the results of each inspection and sample should be collected in a dedicated
database. Clearly, MSs need to follow good practice in data recording; for example, recording
absence data (as well as positive findings), identifying which surveys and inspections the samples
originate from, and retaining geographical locations of sampled points. These activities are not
addressed in the EFSA toolkit for pest surveys. However, some indications are provided on the
underpinning assumptions for confidence level and design prevalence and their influence on the
conclusion of the survey. The formulation of the survey conclusion allows the surveillance activities to
be compared across the EU MSs, within a country, and from one year to the next.

1

RiBESS + is freely available upon registration at: https://shiny-efsa.openanalytics.eu/app/ribess. Please note that a new
version of the software will be prepared in the near future to ensure that the terms used are in line with those used in the
field of plant health and in particular with the relevant International Standards for Phytosanitary Measures (ISPM 6, ISPM
31).
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The purpose of this document is to assist the MSs to plan annual survey activities of quarantine pests
using risk-based and statistically sound pest survey approaches, in line with current international
standards. The main focus is to provide guidance on the survey design. Survey implementation, data
collection and the reporting of the survey are not addressed in depth in this document.
The situation varies across MSs and even within a MS in terms of: resources available for surveillance;
host plant presence, distribution and density; phenology; the potential risk of entry, risk activities and
presence of risk locations; and the available methods for detection, sampling and identification.
Therefore, the survey design should be tailored to the specific situation in each MS and the guidelines
are explained using fictitious data that have been developed for illustration purposes only, i.e. the
scenarios and numbers used in this document are explanatory examples and do not reflect any real
situation.

1.

Problem formulation

1.1.

Legal basis

Phyllosticta citricarpa is a Union quarantine pest listed in Annex II Part A of Commission

Implementing Regulation (EU) 2019/20722, which covers harmful organisms not known to occur in
the EU, whose introduction into, and spread within, all Member States should be banned. Commission
Delegated Regulation (EU) 2019/17023 also lists P. citricarpa as a priority pest.
Commission Implementing Regulation (EU) 2019/2072 prohibits the import of host plants of
P. citricarpa for planting from third countries. With regards to the import of the fruit of host plants of
P. citricarpa, it lays down that it should originate in countries, areas, places or sites of production that
are free from the pest. In particular, fruit has to be found: (i) free of symptoms of P. citricarpa by
official inspection of a representative sample, or (ii) it has been subjected to appropriate treatments
and cultural measures against P. citricarpa, and has been found free of symptoms of the fungus by
official inspections, both at the site of production and harvested fruit.
Additional measures in the EU (Commission Implementing Decision (EU) 2016/715 last amended by
Commission Implementing Decision (EU) 2019/449 4) are laid down for the import of citrus fruit from
Argentina, Brazil, South Africa and Uruguay, distinguishing the end uses (industrial processing into
juice and other uses). Fruit of Citrus sinensis (L.) Osbeck 'Valencia' originating in South Africa and
Uruguay should be tested for latent infections of P. citricarpa at origin. Fruit destined for industrial
processing must be found free of symptoms of P. citricarpa by official inspection and must originate
at a site of production that has been subjected to appropriate treatments against P. citricarpa at the
appropriate time. Also, its movement, storage and processing, transport and labelling should take
place under specified conditions.
The general requirements for survey of quarantine organisms in the EU territory are laid down in
Regulation (EU) 2016/20315.

2

3

4

5

Commission Implementing Regulation (EU) 2019/2072 of 28 November 2019 establishing uniform conditions for the
implementation of Regulation (EU) 2016/2031 of the European Parliament and the Council, as regards protective measures
against pests of plants, and repealing Commission Regulation (EC) No 690/2008 and amending Commission Implementing
Regulation (EU) 2018/2019. OJ L 319, 10.12.2019, p. 1–279.
Commission Delegated Regulation (EU) 2019/1702 of 1 August 2019 supplementing Regulation (EU) 2016/2031 of the
European Parliament and of the Council by establishing the list of priority pests. OJ L 260, 11.10.2019, p. 8–10.
Commission Implementing Decision (EU) 2016/715 of 11 May 2016 setting out measures in respect of certain fruits
originating in certain third countries to prevent the introduction into and the spread within the Union of the harmful
organism Phyllosticta citricarpa (McAlpine) Van der Aa (notified under document C(2016) 2684), OJ L 125, 13.5.2016, p. 16
last amended by Commission Implementing Decision (EU) 2019/449 of 18 March 2019 amending Commission Implementing
Decision (EU) 2016/715 (notified under document C(2019) 2024). OJ L 77, 20.3.2019, p. 76–77.
Regulation (EU) 2016/2031 of the European Parliament of the Council of 26 October 2016 on protective measures against
pests of plants, amending Regulations (EU) No 228/2013, (EU) No 652/2014 and (EU) No 1143/2014 of the European
Parliament and of the Council and repealing Council Directives 69/464/EEC, 74/647/EEC, 93/85/EEC, 98/57/EC, 2000/29/EC,
2006/91/EC and 2007/33/EC. OJ L 317 23.11.2016, p. 4.

www.efsa.europa.eu/publications

7

EFSA Supporting publication 2020:EN-1893

Phyllosticta citricarpa specific guidelines for survey

1.2.

Key epidemiological issues relevant for surveys

The main challenges for conducting surveys on P. citricarpa in EU Member States (MSs) are:
-

the potential presence of the fungus in relatively diverse environments, i.e. agricultural areas and
trees in residential areas (e.g. in the number of backyard and garden trees);

-

the long latent phase from infection of the host plant to the expression of symptoms;

-

the high volume of trade flow of citrus fruit, which is a risk activity with the potential to introduce
the fungus to many locations;

-

the climatic suitability of the EU’s citrus-growing areas for the establishment of P. citricarpa and
the related uncertainty;

-

the spread capacity of P. citricarpa that is essential to consider for a risk-based survey approach.

In the following, the relevant information with regard to these challenges is summarised from the
Pest survey card on P. citricarpa (EFSA, 2020).
This section describes the main challenges to take into account as far as possible in the survey
design. For some issues, however, such as the symptom induction methods and other methodological
aspects on how to improve detection of asymptomatic plant material, further research and validation
are needed.

1.2.1.

Potential presence of the fungus in diverse environments

Apart from orchards for commercial citrus production, P. citricarpa could be present in areas that are
not subject to systematic monitoring and agricultural practices, including neglected or abandoned
orchards and trees in backyards and gardens in residential areas. Surveying is also complicated by
the fact that these areas are often not easily accessible, e.g. due to uncontrolled growth of plants or
resistance from the owners. In addition, detailed information and data are available for the
distribution of citrus trees growing in agricultural areas in orchards or nurseries but this is not the
case for trees in residential areas.

1.2.2.

Long latent phase

Phyllosticta citricarpa has a long incubation period; asymptomatic infections can occur in fruit and leaf
tissues. Symptoms of citrus black spot (CBS) could become visible 2–5 months after infection and
often coincide with fruit ripening. This means that the optimal period for visual examination to detect
CBS-like symptoms on fruit depends on the ripening calendar for each citrus species and cultivar (for
further details, see EFSA 2020; Figure 3). Consequently, surveys on P. citricarpa may need to be
timed differently, depending on which citrus species and cultivars are present. If single trees of
different citrus species and cultivars in different gardens or backyards need to be surveyed at
different times, this adds to the difficulties of the survey.

www.efsa.europa.eu/publications

8

EFSA Supporting publication 2020:EN-1893

Phyllosticta citricarpa specific guidelines for survey

Figure 1: Relationship between the prevalence of Phyllosticta citricarpa (prevalence of infection)
and the CBS symptom expression (prevalence of visual signs) following the first discovery of a
local outbreak by visual inspection. Calculations are based on the fit of a logistic model to
epidemic growth rate data of CBS in Brazilian orchards under moderate management conditions
(Lanza et al., 2018), an assumed asymptomatic period of 5 months and a mathematical
framework linking epidemiological parameters and surveillance (Parnell et al., 2017; Mastin et al.,
2017, 2019)
Furthermore, infected fruit and leaves may still be asymptomatic at maturity and could therefore
escape detection by visual examination (EFSA PLH Panel, 2014a). As shown in Figure 1, following the
first detection of CBS symptoms, the prevalence of infection (symptomatic and asymptomatic) can
already be very high. The relationship between the true prevalence of infection with the prevalence of
CBS symptoms was established in Figure 1 by calculations based on the fit of a logistic model to
epidemic growth rate data of CBS in Brazilian orchards under moderate management conditions
(Lanza et al., 2018), an assumed asymptomatic period of 5 months and a mathematical framework
linking epidemiological parameters and surveillance (Parnell et al., 2017; Mastin et al., 2017, 2019).
Figure 1 shows, for example, that if an outbreak is detected when 25% of fruit is showing symptoms,
nearly 75% of the fruit in the orchard would be expected to already be infected. It is therefore
essential for detection in the early stages of an epidemic, to also sample asymptomatic fruit for
laboratory testing, especially in the highest risk areas.
Since samples for laboratory testing are randomly selected, the probability of finding the pathogen in
asymptomatic tissues is low. EFSA (2020) indicate that symptom induction on citrus fruit (using
ethylene inducers such as ethephon) could be further explored as this could be a potential solution
for detection of P. citricarpa on asymptomatic fruit. Although methods for symptom induction would
be helpful to detect latent infections in fruit, they still need to be further explored and validated under
EU conditions. Another approach for the early detection of P. citricarpa could be to capture airborne
or rain-splashed spores, e.g. with a Hirst spore sampler or rain collectors, or with new generation
technology for spore trapping combining molecular methods. Further to these methods, artificial
wilting of asymptomatic green citrus leaves will facilitate the development of fruiting bodies (pycnidia
and pseudothecia) of P. citricarpa, if present. However, for the sampling effectiveness and diagnostic
sensitivity of P. citricarpa on leaves, leaf litter and twigs, very little information is available, and no
official diagnostic protocols are currently available.

1.2.3.

Trade of citrus fruit

Under the current regulations, the trade of citrus fruit is the main potential pathway for introduction
of P. citricarpa into the EU (EFSA PLH Panel, 2018). The identification of the endpoints of import
pathways of citrus fruit is therefore important to focus surveys on around those risk locations. These
include packing houses, juice factories, processing plants, outdoor fruit-drying facilities, fresh fruit
markets and livestock feeding areas. A high number of such endpoints in the EU’s citrus-growing
areas exacerbates the selection of the most relevant sampling sites. The endpoints of import
pathways of citrus plants for planting from countries where P. citricarpa is present should also be
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considered, although this pathway is closed under the current regulations, as they might bear a very
high risk of establishment and subsequent spread of the fungus.

1.2.4.

Climatic suitability and uncertainty

The potential establishment of P. citricarpa in the EU will be influenced by climate conditions.
Subtropical citrus-growing regions with a summer rainfall pattern and high annual precipitation are
known to be areas that are prone to CBS (Kotzé, 1981, 2000). However, the disease is also present in
arid and semi-arid areas such as Eastern Cape Province and the north of Limpopo Province in South
Africa (Paul et al., 2005). The disease has recently been detected in Tunisia, under Mediterraneantype climate conditions (Boughalleb-M’Hamdi et al., 2020).
The various climates of the EU’s citrus-growing areas are potentially suitable for the establishment of
P. citricarpa (EFSA PLH Panel, 2008, 2014c). Establishment was rated as moderately likely because
susceptible hosts are widely available and the environmental conditions in many EU citrus-growing
areas are suitable for P. citricarpa ascospore production, dispersal and infection (EFSA PLH Panel,
2014c). Namely, the citrus production areas in Cyprus, Spain, France, Greece, Croatia, Italy, Malta
and Portugal and surveys should be carried out there.

1.2.5.

Spread capacity of Phyllosticta citricarpa

As indicated in EFSA (2020), two situations should be distinguished, depending on whether only one
mating type or two complementary mating types are present.
If only one mating type is present only pycnidiospores are produced on fruit lesions, twigs and leaf
litter can be splash-dispersed or washed off by rain to relatively short distances, infecting other
susceptible plant parts (Kotzé, 1981; Perryman et al. (2014); Perryman and West (2014)). Based on
the literature, in this situation EFSA (2020) considers 20 m as the potential spread distance of
P. citricarpa.
If two complementary mating types are present then ascospores can also be produced and these are
airborne resulting in much longer spread distances. In addition to airborne ascospores, infected leaf
litter could also be dispersed by the wind or farm machinery over relatively long distances.
Considering the presence of ascospore inoculum, in EFSA (2019) the maximum spread rate for
P. citricarpa was estimated by expert knowledge elicitation to be approximately 800 m per year (with
a 95% uncertainty range of 56–3,562 m).

2.

Survey design

The definitions of the survey parameters are provided in the Glossary.
The survey design consists of quantifying each survey parameter as these are the input values which
are needed for the statistical tool (i.e. RiBESS+) to estimate the sample size (i.e. number of trees).
The survey parameters are:


Confidence level and design prevalence. Both parameters define the aim of the survey.



Target population size. Indicates the size of the host plant population targeted by the
survey to which the survey results will apply.



Risk factors. For a risk-based survey approach each risk factor must be categorised in
different levels (risk factor levels) that are quantified by means of their relative risk and the
proportion of the target population to which they apply.



Method sensitivity. This deals with how good the method is at detecting the pest when it is
present. Method sensitivity combines sampling effectiveness and diagnostic sensitivity values.

In this document the survey design step is illustrated for three case studies:
1.

An annual detection survey to substantiate pest freedom.

2.

A delimiting survey after a finding of P. citricarpa.

3.

A buffer zone survey once the infested zone has been demarcated.

www.efsa.europa.eu/publications
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In order to calculate the number of trees to be inspected and from which samples are taken for testing,
EFSA has made the RiBESS+ tool available as a free online application to support the surveillance
programme managers (available at https://shiny-efsa.openanalytics.eu/app/ribess). Figure 2 shows a
screenshot of RiBESS+ for calculating a sample size (i.e. number of trees to inspect from which samples
are taken for laboratory testing) showing the five above-mentioned input parameters and the calculated
output. Additional functionalities are available and described in the RiBESS+ manual6, but are not used
in these guidelines.

Figure 2: Screenshot of the sample size calculation (Output) (i.e. number of citrus trees to inspect
from which samples are taken for laboratory testing) using RiBESS+ with a 95% confidence level
(Input 1), assuming a population size of 1,000,000 citrus trees (Input 2), a method sensitivity of
80% (Input 3, combining sampling effectiveness and diagnostic sensitivity), a 1% design
prevalence (Input 4) and the risk factors tab (Functionalities). The green circles are the chosen
aim and functionality, the blue circles are the input values of the survey parameters, and the red
circle is the estimated output

2.1.

Target population

When designing a survey, the target population needs to be clearly identified. Data are needed to
inform the landscape structure for any type of survey in order to manage and implement a survey in
a methodical and systematic manner. EFSA (2018) defines the target population as the set of
individual plants or commodities or vectors in which the pest under scrutiny can be detected directly
(e.g. looking for the pest) or indirectly (e.g. looking for symptoms suggesting the presence of the
pest) in a given habitat or survey area. From a practical point of view, this requires:
i)

6

proper identification of the inspection units (e.g. host plants);

https://zenodo.org/record/2541541/preview/ribess-manual.pdf
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ii) quantification of the total number of the inspection units in the survey area (population
size);
iii) characterisation of how these inspection units are structured in the landscape and can be
included in homogeneous groups according to their epidemiological characteristics (e.g.
geographical distribution). Each individual homogeneous group of inspection units defines an
epidemiological unit; and
iv) identification of the risk factors that might increase the probability of infection of the host
plants by the pest in the area of interest. For each host plant risk group, the risk factor is
characterised by the relative risk and the proportion of the overall plant population to
which they apply.
EFSA (2020) defined the different entities characterising the host plant population targeted by the
surveys that are relevant when designing a survey for P. citricarpa. An example is shown in Table 1.
Table 1:

Example of definitions of the target population, epidemiological unit and inspection unit
Definition

Target population

Citrus host plants growing in orchards, backyards and
gardens in each Member State or region for which the survey
is designed

Epidemiological unit

A single homogeneous area that contains at least one
individual host plant (e.g. citrus orchard, backyard or garden)

Inspection unit

A host plant with mature fruit

2.1.1.

Inspection units

The inspection units are the units within the epidemiological units that could potentially host the pest
and that are to be inspected and from which fruit will be taken for pest diagnosis. The inspection
units are the citrus trees with mature fruit (Table 1). The mature fruit will be scrutinised and sampled
from those inspected trees to detect and/or test for the fungus’ presence.
The hosts plant species of P. citricarpa that are relevant for surveillance in the EU Member States are
shown in Table 2 (EFSA, 2020).
Table 2: Citrus species relevant for surveillance of Phyllosticta citricarpa in the EU (adapted from
EFSA, 2020)
Host plants of Phyllosticta citricarpa

Citrus limon (L.) Burm. f.

Lemon

Citrus sinensis (L.) Osbeck

Sweet orange

Citrus reticulata Blanco

Mandarin

Citrus unshiu (Swingle) Marcow

Satsuma mandarin

Citrus paradisi Macfad.

Grapefruit

The sampled trees should be inspected and their mature fruit taken for diagnosis. As an indication, a
harvesting calendar for the different citrus species and varieties is provided in the Pest survey card
(EFSA, 2020) and should be used to schedule and plan the inspections of a yearly survey.
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The sample size calculated in the various simulations using RiBESS+ in this document refers to the
number of citrus trees that need to be inspected and from which the fruit should be taken for
diagnosis.

2.1.2.

Target population size

The target population size is defined by the total number of inspection units within the survey area.
After selecting the host plants targeted by the survey, the size of the target population has to be
estimated based on the information available in the MS on cultivation and land use.
In addition, in a detection survey, the area to cover might be large and could be split into different
types of environments depending on the land use to better structure and target the survey:
(i) Agricultural areas where citrus trees are grown in orchards or under protected cultivation.
(ii) Residential areas where citrus trees are grown as for example ornamental plants in private
gardens and parks of residential areas.

2.1.3.

Epidemiological units

2.1.3.1.

Definition

The epidemiological unit is defined in the Glossary. In Table 1 it is defined for CBS as a single
homogeneous area that contains at least one individual host plant (e.g. a citrus orchard, backyard or
garden). For a statistically based survey it is essential to clearly indicate the assumptions on
homogeneity.
The homogeneous areas should be defined and their number estimated.
Epidemiologically relevant citrus trees hosts for P. citricarpa are generally growing either in agricultural
or residential areas. These data are readily obtained at NUTS 3 level (Nomenclature of Territorial Units
for Statistics) within the EU which may indicate significant variation between different regions in terms
of density of trees as well as type (e.g. proportion of residential vs commercial areas) (Figure 3). This
information can be used to identify areas which can be considered epidemiologically unique. Ideally,
more spatially resolved data would be available on the distribution of commercial trees in agricultural
areas (e.g. individual orchards) as well as estimates of trees in residential areas (e.g. estimated number
of trees). This could be used to identify more accurate subdivisions of contiguous host distribution than
at NUTS 3 region level, to identify distinct epidemiological units, or even to use individual orchards or
hectares (in the case of residential areas) as the epidemiological unit.
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Figure 3: Citrus density in hectares in NUTS 3 regions in Spain for commercial citrus (A) and citrus
in residential areas (B). Citrus available predominantly in residential or agricultural areas (C)
(Based on Spanish national statistics (MAPA, online))
Two extreme cases to define the epidemiological unit are described:
(i) The whole survey area is considered as an independent epidemiological unit. This
homogeneity assumption would rarely be fulfilled as the epidemiology usually varies across
larger areas in terms of ecology (habitats, environmental suitability, timing of life cycle stages
in the year, host plant species, fruit maturation time, etc.), exposure (pathways and entry
points, etc.), geographical and topographical characteristics.
(ii) Each hectare (for the whole survey area or for each land use category) that contains at least
one host plant is considered an independent epidemiological unit. This case applies when
little information on the homogeneity is available. Appendix A expands this case by showing
how the survey design can be developed in the buffer zone of a demarcated area by first
estimating the number of citrus trees to inspect and sample within a single hectare and then
by estimating the number of hectares that need to be inspected in the buffer zone. The
resulting sample size should be calculated by multiplying the number of hectares that need to
be surveyed by the sample size calculated within the single hectare.
To optimise the survey efforts in terms of the number of samples that represent the host population,
it is essential to gather as much information as possible on the homogeneity of the territory and to
choose an epidemiological unit size in which the homogeneity assumption is realistic and acceptable.
For the annual detection survey in a MS, as an example of an intermediate situation, the NUTS
regions could be considered for defining the epidemiological units. The NUTS classification is a
hierarchical system for subdividing the economic territory of the EU. When using the NUTS region
classification in the survey design, the epidemiology of the disease caused by P. citricarpa is assumed
to be the same within each area. Obviously, the bigger these regions are the more difficult it will be
to fulfil the assumption of homogeneity of the survey area.
For the delimiting and buffer zone surveys the homogeneity criteria could be set considering the
different land use categories (see Sections 4 and 5 for further details) as independent epidemiological
units given that the focus of the survey is at a local level.
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The sample size is related to the population size. It is possible to calculate the sample size for an
epidemiological unit given a specific confidence level, design prevalence, target population size and
method sensitivity.
Figure 4 shows how the estimated sample size for an unknown (statistically infinite – binomial
distribution) host plant population size compares with a known host plant population size (finite
population – hypergeometric distribution), given a confidence level of 95%, a design prevalence of
1% and a method sensitivity of 80%. At a certain host plant population size, the host population can
be considered as infinite from a statistical point of view. In the illustrated case, both curves converge
at around 15,000 host plants, which would require about 370 samples. Above 15,000 plants, only
very few additional samples are needed to achieve the same confidence of 95% and design
prevalence of 1% (15,000 – 370 samples; 20,000 – 371 samples; 60,000 – 373 samples). As a
consequence, when there is little information about the host population size within an epidemiological
unit, it is still possible to determine the sample size without knowing the exact number of host plants.

Figure 4: Within an epidemiological unit, for a given method sensitivity of 80%, a confidence level
of 95% and a design prevalence of 1%, the sample size follows a hypergeometric distribution
(green) for finite population sizes, and a binomial distribution (red) for infinite populations
Table 3 shows the estimates of sample size under different confidence levels and design prevalence
values for an epidemiological unit with an infinite population of citrus trees and a method sensitivity
of 80%.
Table 3: Sample sizes estimated using RiBESS+ under different confidence level and design
prevalence values (see Section 2.3) for an epidemiological unit with an infinite population (e.g.
unknown population size) of citrus trees assuming a method sensitivity of 80% (see Section 2.2)
Design prevalence
Confidence levels

*The

Delimiting and buffer zone
surveys

Detection surveys
1%

0.5%

0.1%

99%

574

1,149

5,741

95%*

373

748

3,738

90%

287

575

2,874

78%

189

378

1,891

red values have been used in the various case studies for an annual detection survey and for delimiting and buffer zone
surveys.
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2.1.4.

Risk factors

Consideration of risk factors in the survey design allows the survey efforts to be enforced in those
areas where the probability of finding the pest are highest. The risk factors that are relevant for
surveillance are those that have more than one level of risk for the target population. To be able to
use a risk factor in the survey design, it is necessary to characterise both the relative risk and the
proportion of the overall plant population to which it applies. The probability of infection of a host
plant species when exposed to the fungus could be another risk factor. EFSA (2020) provide two
examples of risk factors.
-

Distance from the risk locations

-

Susceptibility of host species.

2.1.4.1.

Distance from the risk locations

To identify the risk areas to be surveyed as a priority, it is necessary to first identify the risk activities
that could contribute to the introduction and/or the spread of P. citricarpa. These activities should
then be connected to specific locations, called ‘risk locations’. In consideration of the spread capacity
of the pest and the availability of citrus trees around these locations, risk areas can be defined.

Risk activity and risk locations
The risk activities and corresponding risk locations for P. citricarpa are described and summarised in
Table 4 (EFSA, 2020). Different levels of risk could also be assigned to these locations depending on
whether or not they are involved in international trade.
Table 4:

Risk activities and corresponding risk locations relevant for the surveillance of

Phyllosticta citricarpa in all EU Member States
Risk activity

Risk locations

Production and transport of citrus plants
for planting

Nurseries and garden centres cultivating citrus plants

Production, storage and handling of
citrus fruit

Packing houses, processing plants, outdoor fruit-drying
facilities, fresh fruit markets and livestock feeding areas

Non-commercial production (not subject
to systematic monitoring and agricultural
practices)

Neglected orchards and trees from backyards and
gardens in residential areas

Risk areas
The risk areas can be defined as the area adjacent to the risk locations defined above. As defined in
EFSA (2020), the risk areas around a certain risk location take into consideration the spread capacity
of P. citricarpa and the availability of the host plants.


For detection surveys aiming to substantiate pest freedom, three different risk areas can be
defined (high, medium or baseline risk). Considering that only P. citricarpa pycnidiospores are
present on fruit lesions, a distance of 20 m (EFSA 2020) is considered sufficient to define the
high-risk and medium-risk areas for P. citricarpa in the area contiguous to the risk locations.
Figure 5 shows the relative risk estimated by expert knowledge of the three different types of risk
area.
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Figure 5: Example of relative risks estimated by expert knowledge for different risk areas for riskbased annual detection surveys of Phyllosticta citricarpa in a Member State. Locations 1 and 2 are
risk locations, with location 1 also processing imported fruit from non-EU countries and location 2
not doing so. The 20 m band around location 1 is designated a high-risk area, while the 20 m
wide band around location 2 is designated a medium-risk area. The blue area is the baseline area
(extracted from EFSA, 2020)



For a delimiting survey, when a first positive finding has been reported, the first action should be

to trace the introduction site of the pest (risk location). The mating type(s) of the first finding(s)
should then be identified (EFSA, 2020) because the potential spread distance of the fungus
depends on them. If a delimiting survey is conducted in an area that has been surveyed yearly,
then the probability of having two complementary mating types produce ascospores in the same
year is relatively low. In this situation the potential spread distance of P. citricarpa is estimated to
be about 20 m. Whereas if the surveys in the area have not been conducted in recent years, the
possibility of having introduced two complementary mating types, resulting in the production of
airborne ascospores, cannot be excluded. In this case, the potential spread distance with airborne
ascospores is estimated to be about 800 m (EFSA, 2020).

2.1.4.2.

Citrus species susceptibility

A second risk factor could be defined as the presence of hosts with increased susceptibility in
comparison with other hosts.
Based on the literature review provided in EFSA PLH Panel (2014b), on empirical observations, and on
expert consultation, EFSA (2020) estimated the relative risk in terms of the most susceptible species
for the various main hosts of P. citricarpa, as indicated in Table 5. The proportion of the target
population for each category needs to be calculated by each Member State.
Table 5: Example of relative risks for the various hosts of Phyllosticta citricarpa (extracted from
EFSA, 2020)
Botanical name

Common name

Relative risk
(most susceptible)

Citrus limon (L.) Burm. f.

Lemon

1.5

Citrus sinensis Osbeck

Sweet orange (late-maturing cultivars)

1.4

Citrus sinensis Osbeck

Sweet orange (other cultivars)

1

Citrus reticulata Blanco

Mandarin

1

Citrus unshiu (Swingle) Marcow
Citrus paradisi Macfad.

Satsuma mandarin

1

Grapefruit

1
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The susceptibility of the citrus species is related to the probability of infection by the fungus. In
particular, for lemon trees that have several flowerings during the year, the likelihood that young
lemon fruit coincides with favourable weather conditions for the fungal infection is higher than for
other citrus species that have only one flowering per year. For sweet orange, a very large range of
varieties are grown and each one has very specific harvesting calendar. Late-maturing cultivars of
sweet orange are considered to be more susceptible than the early-maturing ones. This seems linked
to the interaction of environmental factors with the dynamics of fruit maturation, late-maturing
cultivars having more time for symptom expression (EFSA PLH Panel, 2014a).

2.1.5.

Hierarchical structure of the target population

As described in the previous sections, the target population is structured at different levels, i.e. citrus
trees in the MS citrus trees for each land use category, citrus trees within the epidemiological units,
and inspection units. Figure 6 illustrates these different hierarchical levels that need to be defined
during the survey design.

Figure 6: Hierarchical structure of the target population: survey area (level 1), land use categories
(level 2), epidemiological units (level 3), risk factors (level 4) and inspection units (level 5)

2.2.

Method sensitivity

2.2.1.

Sampling effectiveness and diagnostic sensitivity

As shown in Figure 1, in order to detect the fungus in the early stages of an epidemic, it is essential
to perform visual inspections to detect CBS-like symptoms and to also sample asymptomatic fruit for
laboratory testing, especially in the highest risk areas.
Once the target population is clearly identified, it is necessary to identify the procedures that the
inspectors and technicians will follow for:
(i) the field inspection and the visual examination of the citrus trees (inspection units),
(ii) taking samples from the inspection units, and
(iii) the identification of the pest during laboratory analysis of the samples.
Together, these procedures constitute the overall method of detection and identification for which it
is necessary to estimate the sensitivity.
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The method sensitivity is defined as the probability that a truly positive host tests positive. It has
two components, the sampling effectiveness (i.e. probability of selecting an infected fruit from an
infected plant, as the diagnostic method for pest identification cannot be applied to the entire citrus
tree) and the diagnostic sensitivity (characteristic of the laboratory test used in the identification
process).
The sampling effectiveness depends on the ability of the inspector to successfully choose the
infected fruit from an infected host plant (symptomatic and asymptomatic). It is directly linked to the
sampling procedure itself – in terms of the amount of fruit and the timing of the fruit sampling – and
on the expertise and ability of the inspectors to recognise any symptoms of the pest. Furthermore,
the symptom expression is dependent on factors such as when the infection event took place, the
weather conditions, the sun exposure and the physiological stage of the host plant. An average
effectiveness of 0.80 was estimated, by expert consultation, for collecting an infected fruit from an
infected tree (EFSA, 2020).
The diagnostic sensitivity is the probability that a fruit sample tests positive when the fruit is
infected. This parameter is provided by the laboratory performing the tests. As summarised by EFSA
(2020) the identification of the fungus using molecular techniques when using PCR methods on
symptomatic fruit is estimated at nearly 1 (EPPO, 2009). For the case studies in this document a
diagnostic sensitivity of 1 has been applied.
The overall method sensitivity for fruit samples, from the trees in the citrus orchards to the fruit in
the laboratory, can then be calculated:
Method sensitivity = sampling effectiveness × diagnostic sensitivity = 0.80 × 1 = 0.8
and this value has been used in the case studies in this document.

2.2.2.

Number of fruits to sample per tree

Considering that the disease can be asymptomatic, it is necessary to estimate the number of mature
fruits that have to be sampled to represent the citrus tree (inspection unit). In addition to increasing
the chances of collecting an infected fruit from an infected tree, the inspectors should follow the
procedures recommended by the National Plant Protection Organisation (NPPO).
For each inspected tree, 50 mature fruits should be collected (Figure 7). A 95% confidence level is
targeted. It is assumed that when a tree is infected, the pathogen is present in different parts of the
tree with relatively high prevalence and so a lot of fruit will be infected. Therefore, the design
prevalence is set at a relatively high level (7%) for this calculation. A method sensitivity of 0.8 and an
average of 450 fruits per citrus tree have been assumed.
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Figure 7: Screenshot of RiBESS+ illustrating the estimation of a representative sample of 50
mature fruits for a citrus tree, considering a total of 450 fruits per tree, a 95% confidence level,
7% design prevalence and a method sensitivity of 0.80. The green circle is the chosen
functionality, the blue circles are the input values of the survey parameters, and the red circle is
the estimated output

2.3.

Confidence level and design prevalence

There is no single approach to designing and implementing a survey and determining the required
number of samples. Both the confidence level and design prevalence are pivotal to drawing the
survey conclusions. Consequently, the selection of confidence level and design prevalence values is a
compromise between the available resources in a Member State and the level of risk that the risk
managers are willing to accept. Sometimes these values are also prescribed in the legislation.
When designing a survey, the underpinning assumptions related in particular to the homogeneity of
the epidemiological units and the aim of the survey in terms of confidence level and associated design
prevalence need to be clearly formulated and accepted by the risk managers. The assumptions made
will strongly impact on the quantification of the parameters that will determine the sample size for the
survey and thus have a strong influence on the reliability of the survey conclusions.

2.3.1.

Design prevalence

Design prevalence (see Glossary) refers to the minimum prevalence needed to detect whether
P. citricarpa is circulating in the region surveyed given the sample size, detection methods and
conditions of the survey. This threshold value is usually based on scientific analysis, policy decisions
and risk assessment by all parties involved. The prevalence is the proportion of the population that is
infested and risk managers should note, for different environments and areas, what this means for
both the absolute number of infected plants and their spatial distribution. That is, 1% of infection of a
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small population has different implications for eradication and control than 1% of a larger population.
Moreover, 1,000 infected trees in a single focus of limited extent are more readily controlled than
1,000 trees scattered over a large area. In general, the higher the design prevalence, the more likely
that an outbreak remains undetected for a prolonged period and will consequently be more widely
distributed once detected.
Note that setting the design prevalence of the survey requires a compromise between available
resources and the acceptable risk level, and this should be supported by evidence.
2.3.1.1.

Detection surveys

For the P. citricarpa detection survey, design prevalence is recommended to be fixed according to two
different objectives:
Pest absence confirmation. In an area where P. citricarpa is not known to occur, and without any
suspicions of recent introduction, it can reasonably be assumed that the disease is not present. In
that situation, the design prevalence acts as a proxy for zero. As per the General guidelines (EFSA, in
preparation), there are a number of ways to approach the design prevalence in this situation (e.g.
using epidemiology or a trade-risk model). In the absence of such information, the standard approach
in animal health is to use a design prevalence of 1% at the herd level (FAO, 2014). Also, in ISPM 31
(FAO, 2016b), the threshold value of 1% (level of detection) is commonly set as a target of the
inspections. Risk managers are recommended to calculate what this percentage means in terms of
absolute numbers of infected host units to ensure that they find this level of risk acceptable. For
example, if the aim of the survey is to have 95% confidence of detecting 1% design prevalence, this
would mean that if there is no positive finding in an area of 1,000,000 citrus trees, there is 95%
confidence that the actual number of infected trees is between 0 and 10,000, should the pest be
present.
Pest freedom in an area neighbouring an outbreak. In areas adjacent to a known outbreak
area, the probability of introduction of P. citricarpa will be higher and therefore the objective is to
ensure that any new infections are detected when still below the extent and prevalence at which
eradication is possible. Therefore, the design prevalence in this type of survey should be lower than
the previous one and the aim of the survey could be to achieve 95% confidence of detecting 0.5%
design prevalence. To determine the prevalence of infected citrus trees at which eradication is still
achievable depends on a range of interacting factors. These include the environmental conditions, the
host availability and distribution as well as the intensity of the eradication measures that will be
implemented. When setting the design prevalence, the risk managers should consider that the level
of possible eradication also depends on the available resources and the epidemiological situations that
might vary across the territory of the MS.
2.3.1.2.

Delimiting survey and buffer zone survey

To avoid further spread of the pest when a new outbreak has been found, it is necessary to delimit
the infested zone where the pest is circulating in the early stages of the infection (thus using a much
lower design prevalence than for a detection survey). Subsequently, it is necessary to demarcate an
area with a buffer zone around the infested zone to protect the rest of territory from the identified
pest.
Based on the values recommended under the two detection survey situations, design prevalence
could be set 10 times lower, at 0.1%.
2.3.1.3.

Aims of the survey simulations

The aims of the survey may also vary depending on the land use in the area to be surveyed.
For a detection survey, two strategies are considered:
-

Set a design prevalence of 1% for both land use categories.

-

Set a design prevalence of 0.5% for agricultural areas and of 1% for the residential areas.
This strategy is also based on the assumption that the availability of georeferenced census
and accessibility to properties in agricultural areas make surveys more feasible, so a lower
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design prevalence could be achieved. However, depending on the survey territory
characteristics, the main interest could be to focus the survey on other land use categories.
For delimiting and buffer zone surveys, the design prevalence can be set to a reference
threshold value of 0.1% in the agricultural and residential areas.
In the logical sequence of surveys, in areas where the pest is not known to occur, first detection
surveys are conducted to confirm pest-free status. Only when the first infestation is found, are
delimiting and buffer zone surveys conducted. The gradient of design prevalence shown as an
example in Table 6 follows this logical sequence of surveys and provides examples of different
reference values of the design prevalence according to the survey aim and the various land use
categories into which the target population can be split.
Table 6: Example of the risk manager’s choice of design prevalence for the different types of
survey for Phyllosticta citricarpa
Phyllosticta citricarpa

Agricultural areas

Residential areas

1%

1%

0.5%

1%

Design prevalence for delimiting surveys

0.1%

0.1%

Design prevalence for buffer zone surveys

0.1%

0.1%

Design prevalence
for annual
detection surveys

2.3.2.

Pest absence confirmation
Pest freedom in an area neighbouring an
outbreak in an agricultural area

Confidence level

The confidence level reflects the level of accuracy (confidence) of the survey results. When setting
the confidence level, the risk managers should consider the available resources and the
epidemiological situation that might vary in the territory of the MS. In general, confidence levels are
set at 95%. This is also the confidence set for the P. citricarpa surveys. In this case, when it is stated
that a territory is ‘pest-free’, it means that given the methods and the assumptions taken, the
statement is (on average) expected to be correct at least 95% of the time.
Based on the above-mentioned information on the target population and risk factors, general advice
is provided on how to combine the design prevalence and confidence level values in a practical way
to estimate the sample size and to interpret the survey results.
2.3.2.1.

Overall confidence calculation for a survey with a single design prevalence

Two cases can be distinguished:
Case 1: If the available information for both land use categories allows the relative risks and the
proportion of the target population affected by these relative risks to be estimated, then it is possible
to calculate the sample size for each area. In addition, it enables a general conclusion to be drawn on
pest freedom for the entire target population with a given confidence level.
Case 2: Instead, if the available information is not sufficient to properly define the land use
categories in terms of relative risk and proportion of the target population, then it is still possible to
provide a general conclusion on pest freedom for the entire target population. The overall confidence
level of the survey being set at 95%, for example, the confidence level to be achieved in the survey
for both land use categories can be calculated (Cannon, 2002) using the following formula:
𝑛

𝐶𝐿 = 1 − ∏

𝑖=1

(1 − 𝐶𝐿𝑖)

𝐶𝐿: overall confidence level of the survey
𝐶𝐿𝑖: confidence level of the survey of the land use category 𝑖
𝑛: the number of different land use categories
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In the specific example where 𝑛 = 2 and 𝐶𝐿 = 0.95, the confidence level to achieve for land use
category (𝑖) within this survey is obtained:
0.95 = 1 − (1 − 𝐶𝐿𝑖)2
2

𝐶𝐿𝑖 = 1 − √0.05 = 0.78
This means that if a 78% confidence level is achieved in the survey of each land use category, then
the conclusion on pest freedom for the entire target population can be given with 95% confidence.
Additionally, if the interest is to conclude for each of the land use categories at a confidence level of
95%, then by applying the formula above, the overall survey conclusion can be given with 99.999%
confidence. Both settings are developed in the examples in Section 3 where, for each one of the four
land use categories, these two confidence levels of 95% and 78% are used and the resulting sample
sizes compared.
2.3.2.2.

Overall confidence calculation for a survey with different design prevalence
levels

In order to be able to provide an overall conclusion combining different design prevalence when the
population is subdivided into different land use categories, the formula given above for Case 2 can be
used. For this it is necessary to estimate the confidence level achieved for each land use category
corresponding to a single value of the design prevalence. If we consider the design prevalence of
0.5% for agricultural areas as the selected one, then the confidence for the residential areas is
estimated considering the number of samples collected, and combining it with the confidence
achieved for the agricultural area in the following way:
𝑂𝐶𝐿 = 1 − (1 − 𝐶𝐿𝑅 ) ∙ (1 − 𝐶𝐿𝐴 )

OCL: overall confidence level
CLA: confidence level for agricultural area
CLR: confidence level for residential area
Figure 8 illustrates how to estimate the confidence achieved for a specific design prevalence and
number of samples taken, using the RiBESS+ tool. When 189 trees are sampled this corresponds to
78% confidence to detect 1% design prevalence and is equivalent to 53% confidence to detect 0.5%
design prevalence.
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Figure 8: Screenshot of RiBESS+ illustrating the estimation of the confidence achieved for a given
population (1,000,000), method sensitivity (0.80), design prevalence (0.005), and sample size
(189). Global (and group) sensitivity is the achieved confidence (0.53). The green circle is the
chosen functionality, the blue circles are the input values of the survey parameters, and the red
circle is the estimated output
More generally, for a given sample size (373) and method sensitivity (0.80), Figure 9 shows the
equivalent design prevalence and confidence level combinations.
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Figure 9: Equivalent combinations of design prevalence and confidence level for a given sample
size (373) and method sensitivity (0.80). 78% confidence to detect 0.5% prevalence (infected
trees) is equivalent to 95% confidence to detect 1% prevalence

3.

Detection survey for pest freedom substantiation

For the design of a detection survey for pest freedom substantiation, data from Spain have been used
to illustrate the simulations.
The target population for the survey is the citrus host plants as shown in Table 7.
Table 7: Main citrus host species of Phyllosticta citricarpa in agricultural areas (in hectares) and
trees disseminated throughout residential areas (number of trees in backyards and gardens) in
Spain (data extracted from MAPA, online)
Total
Spain

citrus

Citrus
sinensis

Citrus reticulata, C.
unshiu and other

Citrus limon

Citrus
paradisi

Other
citrus

Crop hectares

293,631

139,878

mandarins
107,515

42,507

2,066

1,665

Average trees per
hectare

450

450

500

350

300

300

Crop trees

132,133,950

62,945,100

53,757,500

14,877,450

619,800

499,500

Disseminated trees
in residential areas

338,712

157,489

27,928

148,480

3,100

1,715

Total
trees

132,472,662

63,102,589

53,785,428

15,025,930

622,900

501,215

number

of
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3.1.

Example using NUTS regions as epidemiological units

For the annual detection survey in a Member State, the NUTS regions are considered for the
epidemiological units in the examples below. Spain is used as an example with two simulations
performed using different definitions of epidemiological unit based on the NUTS classification. For
each option, the sample size needed to perform a statistically based annual detection survey has
been calculated. The numbers reflect a hypothetical situation for the purposes of illustration only and
do not reflect the real situation.

3.1.1.

NUTS regions in Spain

Figure 10 describes the NUTS regions for Spain. Based on national statistics (MAPA, online), in Spain
there are:
- seven NUTS level 1 regions, of which six contain citrus-growing areas
- 19 NUTS level 2 regions, of which 12 contain citrus-growing areas
- 54 NUTS level 3 regions, of which 28 contain citrus-growing areas. (For the Balearic Islands citrus
are mainly in Mallorca (ES532) although MAPA (online) only provides data at NUTS 2 level).
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Figure 10:
The NUTS (1, 2 and 3) regions of Spain (Eurostat, 2018). 12 NUTS 2 regions with commercial citrus production and citrus trees in residential
areas, six NUTS 2 regions exclusively with citrus in residential areas and 28 NUTS 3 regions with commercial citrus production and citrus trees in
residential areas, 13 NUTS 3 regions exclusively with citrus in residential areas. A threshold of a minimum of 500 ha was considered for the presence of
commercial citrus at NUTS (2 and 3) level

www.efsa.europa.eu/publications

27

EFSA Supporting publication 2020:EN-1893

Phyllosticta citricarpa specific guidelines for survey

3.1.2.

Two options using NUTS regions as epidemiological units

Currently the pest status declared by the Spanish NPPO is that P. citricarpa is ‘absent, confirmed by
survey’. All the information provided above is used to design an annual detection survey for
P. citricarpa in Spain with two different definitions of the epidemiological unit.
Option 1:
-

NUTS 2 regions are considered as the epidemiological units for surveying the agricultural
areas, where the risk of introduction of the pest is assessed as higher than for the residential
areas. The assumption is that in the agricultural areas of each NUTS 2 region in Spain the
epidemiology of the disease caused by P. citricarpa is similar.

-

NUTS 1 regions are considered as the epidemiological units for surveying the residential
areas. The assumption is that in the residential areas of each NUTS 1 region in Spain the
epidemiology of the disease caused by P. citricarpa is similar.

Option 2:
-

NUTS 3 regions are considered as the epidemiological units for surveying the agricultural
areas, where the risk of introduction of the pest is assumed to be higher than for the
residential areas. The assumption is that in the agricultural areas of each NUTS 3 region in
Spain the epidemiology of the disease caused by P. citricarpa is similar.

-

NUTS 2 regions are considered as the epidemiological units for surveying the residential
areas. The assumption is that in the residential areas of each NUTS 2 region in Spain the
epidemiology of the disease caused by P. citricarpa is similar.

3.2.

Summary table of the input values for the survey parameters

Table 8 summarises the input parameters for calculating the sample sizes using RiBESS+ for the
options described above. It is to be noted that the numbers in Table 9 are presented for the purposes
of illustration only and might not be the real data.
The preparation of this table finalises the initial phase of the survey design as all the parameters
required to calculate the sample size have been quantified and it is considered that the related
assumptions were formulated and accepted by the risk managers.
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Table 8: Input values of the survey parameters for the design of an annual detection survey for
Spain with two different definitions of the epidemiological unit
Item
Confidence
levels

Aim of the
survey

Residential areas

Agricultural areas

Overall
95%

0.78

0.78

Overall
99.99%

0.95

0.95

0.01

0.01

0.01

0.005

Design prevalence

Target
population in
the MS
Epidemiological
units

Citrus host plants

338,712

132,133,950

Option 1

Host plants in the residential areas of
a NUTS 1 region

Citrus trees in the agricultural areas
of a NUTS 2 region

6 NUTS 1 regions

12 NUTS 2 regions

Host plants in the urban areas of a
NUTS 2 region

Citrus trees in the agricultural areas
of a NUTS 3 region

12 NUTS 2 regions

28 NUTS 3 regions

Option 2

Detection
method

3.3.

Inspection unit

Single host plant

Detection and
identification
Method sensitivity

Visual examination of symptoms on mature fruit, sampling host plants
following the NPPO procedure, testing the fruit samples using PCR
0.80

Sample size and sample allocation

The steps in the survey design are:
(i) Calculate the sample size using the RiBESS+ tool. The statistical concepts behind this tool are
not discussed here; details on the freedom from disease approaches are provided in the
General guidelines for pest survey (EFSA, in preparation) and can be found in the literature
(Cannon, 2002; Cameron, 2012; FAO, 2014).
(ii) Allocate the samples within the Member State’s territory.

3.3.1.

Sample size calculation

Table 9 shows the sample size (number of inspection units) calculated for an ‘infinite’ host plant
population in residential and agricultural areas with a method sensitivity of 0.8 for a detection survey
with a design prevalence of 1% to achieve an overall i) 99.8% or ii) 95.2% confidence level,
respectively.
Table 9: Number of inspection units (single citrus trees) to sample in residential and agricultural
areas, considering an infinite host plant population and a fixed method sensitivity of 0.80, to
achieve a survey sample with an overall confidence level of 99.8%* (95% confidence level for
each area) or 95.2%* (78% confidence level for each area) and a design prevalence of 1%
Design
Confidence
prevalence
Sample size
level (%)
(%)
Residential areas
1
95
373
Agricultural areas
1
95
373
Total
1
99.8*
746
*Overall confidence level of the survey calculated using the formula in Section 2.3.2.
Land use
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3.3.2.

Proportional allocation of the inspection units to the number of
epidemiological units

The number of inspection units (the ‘sampling effort’) needs to be distributed within the Member
State. This can be done, for example, by proportionally allocating the samples equally in each
epidemiological unit as shown in Tables 10 and 12 for Option 1 and Tables 13 and 14 for Option 2.
3.3.2.1.

Option 1: NUTS 2 regions for agricultural areas, NUTS 1 regions for residential
areas

Two scenarios are presented:
i) Option 1a with a fixed 1% design prevalence for the entire territory (Table 10); and
ii) Option 1b with a design prevalence of 0.5% for agricultural areas and 1% for the residential areas
(Table 12).
Option 1a: fixed design prevalence scenario for the entire territory (1%), 12 NUTS 2 regions for
agricultural areas, six NUTS 1 regions for residential areas.
Table 10: Proportional allocation of inspection units to each epidemiological unit for Option 1a (i.e.
12 NUTS 2 regions for agricultural areas, six NUTS 1 regions for residential areas, and, for a fixed
design prevalence scenario in the entire territory (1%))
Confidence
level

Total number
of samples

Number of
samples per
epidemiological
unit

1%

95%

373

373/6 = 63

12 NUTS 2 regions

1%
1%

95%
99.8%

373
746

373/12 = 32
762

6 NUTS 1 regions

1%

78%

189

189/6 = 32

12 NUTS 2 regions

1%
1%

78%
95.2%

189
378

189/12 = 16
384

Option 1a

Epidemiological
units

Design
prevalence

Residential areas

6 NUTS 1 regions

Agricultural areas
Total
OR
Residential areas
Agricultural areas
Total

Conclusions derived from Option 1a (Table 10):
Assuming that:
(i) in the six NUTS 1 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the residential areas; and
(ii) in the 12 NUTS 2 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the agricultural areas,
after implementing this survey, should all the samples test negative, it could be concluded that:
(i) with an overall 99.8% confidence for the territory of Spain (or with a 95% confidence for
each land use category), if P. citricarpa is present, the number of infected trees is below 1%;
or
(ii) with an overall 95.2% confidence for the territory of Spain (or with a 78% confidence for
each land use category), if P. citricarpa is present, the number of infected trees is below 1%.
Option 1b: a design prevalence of 0.5% for agricultural areas (12 NUTS 2 regions) and 1% for the
residential areas (six NUTS 1 regions).
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As explained in Section 2.3.2.2, it is necessary to first bring the two survey components to the same
design prevalence level before combining them as components of the same survey. Applying the
method to the residential areas, for a fixed sample size and a given method sensitivity of 0.8, Table
11 shows the equivalent survey aims in terms of design prevalence and related confidence level.
Table 11: Equivalent aims of the survey in residential areas for a fixed sample size and a given
method sensitivity
Aim of the survey
Number of samples

Method sensitivity

373

0.8

189

0.8

Design prevalence

Confidence level

1%

95%

0.5%

78%

1%

78%

0.5%

53%

Table 12: Proportional allocation of inspection units to each epidemiological unit for Option 1b (i.e.
12 NUTS 2 regions and 0.5% design prevalence for agricultural areas, six NUTS 1 regions and 1%
design prevalence for residential areas)

Option 1b
Residential
areas
Equivalent to
Agricultural
areas
Total
OR
Residential
areas
Equivalent to
Agricultural
areas
Total

Epidemiological
units
6 NUTS 1 regions

Design
prevalence
1%

Confidence
level
95%

Total number
of samples
373

Number of samples per
epidemiological unit
373/6 = 63

12 NUTS 2 regions

0.5%
0.5%

78%
95%

748

748/12 = 63

0.5%

98.9%

1,121

1,134

6 NUTS 1 regions

1%

78%

189

189/6 = 32

12 NUTS 2 regions

0.5%
0.5%

53%
78%

378

378/12 = 32

0.5%

89.7%

567

576

Conclusions derived from Table 12:
Assuming that:
(i) in the six NUTS 1 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the residential areas; and
(ii) in the 12 NUTS 2 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the agricultural areas,
after implementing this survey, should all the samples test negative, it could be concluded that:
(i) with an overall 98.9% confidence for the territory of Spain, if P. citricarpa is present, the
number of infected trees is below 0.5%;
or
(ii) with an overall 89.7% confidence for the territory of Spain, if P. citricarpa is present, the
number of infected trees is below 0.5%.
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3.3.2.2.

Option 2: NUTS 3 regions for agricultural areas, NUTS 2 regions for residential
areas

Two scenarios are presented:
i) Option 2a with a fixed 1% design prevalence for the entire territory (Table 13); and
ii) Option 2b with a design prevalence of 0.5% for agricultural areas and 1% for the residential areas
(Table 14).
Option 2a: fixed design prevalence scenario for the entire territory (1%), 28 NUTS 3 regions for
agricultural areas, 12 NUTS 2 regions for residential areas.
Table 13: Proportional allocation of inspection units to each epidemiological unit for Option 2 (i.e.
28 NUTS 3 regions for agricultural areas, 12 NUTS 2 regions for residential areas, and, for a fixed
design prevalence scenario in the entire territory (1%))

Epidemiological
units
12 NUTS 2
regions

Design
prevalence
1%

Confidence
level

Total number
of samples

Number of samples per
epidemiological unit

95%

373

373/12 = 32

Agricultural
areas
Total
OR
Residential
areas

28 NUTS 3
regions

1%

95%

373

373/28 = 14

1%

99.8%

746

776

12 NUTS 2
regions

1%

78%

189

189/12 = 16

Agricultural
areas
Total

28 NUTS 3
regions

1%

78%

189

189/28 = 7

1%

95.2%

378

388

Option 2a
Residential
areas

Conclusions derived from Table 13:
Assuming that:
(i) in the 12 NUTS 2 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the residential areas; and
(ii) in the 28 NUTS 3 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the agricultural areas,
after implementing this survey, should all the samples test negative, it could be concluded that:
(i) with an overall 99.8% confidence for the territory of Spain (or with a 95% confidence for
each land use category), if P. citricarpa is present, the number of infected trees is below 1%;
or
(ii) with an overall 95.2% confidence for the territory of Spain (or with a 78% confidence for
each land use category), if P. citricarpa is present, the number of infected trees is below 1%.
Option 2b: a design prevalence of 0.5% for agricultural areas (28 NUTS 3 regions) and 1% for the
residential areas (12 NUTS 2 regions).
Similar to Option 1b, as explained in Section 2.3.2.2, it is necessary to first bring the two survey
components to the same design prevalence level before combining them as components of the same
survey. Applying the method to the residential areas, for a fixed sample size and a given method
sensitivity of 0.8, Table 11 shows the equivalent survey aims in terms of design prevalence and
related confidence level.
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Table 14: Proportional allocation of inspection units to each epidemiological unit for Option 2 (i.e.
28 NUTS 3 regions and 0.5% design prevalence for agricultural areas, 12 NUTS 2 regions and 1%
design prevalence for residential areas)

Option 2b

Epidemiological
units

Design
prevalence

Confidence
level

Total number
of samples

Number of samples per
epidemiological unit

12 NUTS 2
regions

1%

95%

373

373/12 = 32

0.5%
0.5%

78%
95%

748

748/28 = 27

0.5%

98.9%

1,121

1,140

1%

78%

189

189/12 = 16

0.5%
0.5%

53%
78%

378

378/28 = 14

0.5%

89.7%

567

584

Residential
areas
Equivalent to
Agricultural
areas
Total
OR
Residential
areas
Equivalent to
Agricultural
areas
Total

28 NUTS 3
regions

12 NUTS 2
regions
28 NUTS 3
regions

Conclusions derived from Table 14:
Assuming that:
(i) in the 12 NUTS 2 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the residential areas; and
(ii) in the 28 NUTS 3 regions of Spain with citrus trees, the epidemiology of the disease caused
by P. citricarpa is similar in all the agricultural areas,
after implementing this survey, should all the samples test negative, it could be concluded that:
(i) with an overall 98.9% confidence for the territory of Spain, if P. citricarpa is present, the
number of infected trees is below 0.5%;
or
(ii) with an overall 89.7% confidence for the territory of Spain, if P. citricarpa is present, the
number of infected trees is below 0.5%.
3.3.2.3.

Conclusion

The concluding statements derived from the survey designs for Option 1a (Table 10) and Option 2a
(Table 13) are comparable for both options (similarly for Option 1b (Table 12) and Option 2b (Table
14)) and are based on the same sample size. However, the underpinning assumptions are
substantially different. This shows that the conclusion of the survey always needs to be associated
with the assumptions made on homogeneity.

3.3.3.

Proportional allocation of the inspection units to the host
population in the epidemiological units

If the host plant population within each epidemiological unit is well known, the sample can be allocated
accordingly. This approach can be applied for both agricultural areas and residential areas. As an
example, Table 15 shows how to distribute the 748 samples in the agricultural areas of the 12 NUTS 2
regions in Spain for a survey with 95% confidence of detecting a prevalence of above 0.5% of infected
trees and a method sensitivity of 0.8 (see Table 13).
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Table 15: Example of a proportional allocation of the 748 samples to the host plant population in
the agricultural areas of 12 NUTS 2 regions in Spain (95% confidence of detecting a prevalence
of above 0.5% of infected trees, and a method sensitivity of 0.8) and 373 samples to the host
plant population in the residential areas of six NUTS 1 regions in Spain (95% confidence of
detecting a prevalence of above 1% of infected trees, and a method sensitivity of 0.8)
NUTS 2 region

Galicia
Principado de
Asturias
Cantabria
País Vasco
Castilla y León
Extremadura
Cataluña
Comunidad
Valenciana
Illes Balears
Andalucía
Région de Murcia
Canarias
Total

Proportion of
host plant
population in
agricultural
areas(a) per
NUTS 2
0.001
0.000

Sample size

NUTS 1 region

748 × 0.001 = 1
0

NOROESTE

Proportion of
host plant
population in
residential
areas(a) per
NUTS 1
0.385

Sample size

0.000
0.000
0.000
0.000
0.030
0.542

0
0
0
0
22
405

NORESTE
CENTRO (ES)

0.002
0.004

1
2

ESTE

0.000

0

0.007
0.283
0.131
0.005
1

5
212
98
4
747

SUR

0.003

1

CANARIAS

0.606
1

226
374

373 × 0.385 =
144

(a) Data adapted from MAPA (online) for illustrative purposes only.

3.4.

Risk-based detection survey

3.4.1.

Risk locations

For P. citricarpa, the trade and movement of imported citrus fruit as well as the production, trade and
movement of host plants for planting are considered risk activities. The relevant risk locations are
citrus packing houses and processing industries as well as citrus nurseries where these activities take
place.
In Spain, about 52 citrus nurseries and 433 citrus packing houses and processing industries have
been identified. Table 16 shows how these locations are distributed in the NUTS 2 regions of the
Spanish territory. The data used in this example are not official data and some are estimated values.
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Table 16: Example of distribution of the different risk locations in the NUTS 2 regions in Spain
Code

ES1
ES11
ES12

NUTS 1

NUTS 2

Citrus
nurseries(a)

Citrus packing houses and processing
industries(a)
Total

Not
processing
imported
fruit from 3rd
countries

Processing
imported
fruit from 3rd
countries

NOROESTE

ES13
ES2
ES21
ES4
ES41
ES43
ES5
ES51
ES52

Galicia
Principado de
Asturias
Cantabria

0
0

0
0

0
0

0
0

0

0

0

País Vasco

0

0

0

0
0
0

Castilla y León
Extremadura

0
0

0
0

0
0

0
0

Cataluña
Comunidad
Valenciana
Illes Balears

29
12

8
210

7
189

1
21

NORESTE
CENTRO (ES)

ESTE

ES53
0
0
0
0
ES6
SUR
ES61
Andalucía
4
130
117
13
ES62
Murcia
7
93
84
9
ES7
CANARIAS
ES70
Canarias
0
0
0
0
Total
52(b)
441
397(c)
44(c)
Spain
(a) The distribution in the Spanish NUTS 2 regions of the risk locations are estimated values and are only an approximation
adapted from MAPA (online).
(b) Total number of citrus nurseries in Spain adapted from MAPA (online).
(c) The total number of citrus packing houses that process imported fruit from third countries in Spain has been estimated
considering that 10% of the total meet this condition, thus data provided are only for illustrative purposes.

3.4.2.

Relative risk

Once the risk locations have been identified it is necessary to categorise them into levels and to
determine their risks relative to the rest of the territory. To estimate these values, historical
information on interceptions, trade volumes and the origins of the plant material and fruit can be
considered.
There are three different types of risk location, based on their relative risks, which have been
estimated using expert knowledge:
(i) High-risk locations, with a relative risk of 2: packing houses and processing industries
that are located in a citrus-growing area and also process imported fruit from third countries.
It is assumed that this relative risk applies to 10% of the total packing houses and processing
industries in Spain.
(ii) Medium-risk locations, with a relative risk of 1.5: citrus nurseries and packing houses
and processing industries that are located in a citrus-growing area and that do not process
imported fruit from third countries. It is assumed that this relative risk applies to all citrus
nurseries and to 90% of the total packing houses and processing industries in Spain.
(iii) Baseline, with a relative risk of 1: all other areas where citrus trees are growing.
3.4.2.1.

Risk area around each risk location

As indicated in Section 2.1.4, related to the spread capacity of the fungus, the area to survey around
each risk location should have a width of 20 m. The distance of 20 m is underpinned by the situation
that risk locations have been surveyed annually. For this situation, the risk area covers 9 ha assuming
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an average extent of 1 ha for the risk location and assuming the adjacent orchards are 1 ha and
share the same risk (Figure 11a).
When a risk location has not been surveyed in the previous year, the corresponding risk area covers
289 ha, assuming a spread distance of 800 m from the risk location which has an average extent of
1 ha (Figure 11b).
For the illustrative example developed in the subsequent sections it is assumed that risk locations are
surveyed annually, thus the band of 20 m is considered to be the extent of the risk areas.

Figure 11:
Risk area around the risk location for detection surveys. a) annual surveys performed
at the risk location, assuming that two complementary mating types of Phyllosticta citricarpa are
unlikely to produce ascospores in the same year of introduction and only pycnidiospores could be
disseminated within a 20 m band corresponding to the orchards of 1 ha adjacent to the location,
so covering a total of 9 ha; b) shows a situation in which the surveys performed at the risk
location are not annual, and there is a higher probability of having ascospores from two
complementary mating types with a spread rate of 800 m/year
3.4.2.2.

Proportion of the host population for each risk location

A practical example has been developed for the survey design for Spain, where 493 (52+441) risk
locations were identified (see Table 16). From these, 44 of the locations are classified as high-risk
locations and 449 as medium-risk locations.
Based on MAPA statistics, the total surface of the agricultural area covered by citrus species relevant
for the surveillance of P. citricarpa is estimated at around 293,631 ha with an average of 450 citrus
trees per hectare (Table 17).

3.4.3.

Integrating the risk factor into the survey design with RiBESS+

This section presents an example to illustrate the design of a risk-based detection survey for
P. citricarpa in the agricultural areas of Spain. The survey parameters used in the example are
summarised in Table 17.
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Table 17: Example of relative risk and proportion of host plant population
Risk factor
Land use

Agricultural
area in
Spain

Design
prevalence
(%)

Confidence
level (%)

0.5

95

Method
sensitivity
0.8

Number
of risk
locations

Agricultural
land (ha)(a)

Proportion of
host plant
population(b)

Relative
risk(c)

High risk

44

396

0.1%

2

Medium
risk
Baseline

449

4,041

1.4%

1.5

-

289,194

98.5%

1

Total

493

293,631

100%

-

(a) 9 ha per risk location.
(b) 450 citrus trees per hectare, on average.
(c) Relative risk estimated with expert knowledge.

Figure 12 shows how to input the various parameters and information. The first step of this survey
design is to include the input parameters in the RiBESS+ tool. The second step is to integrate the risk
factors. As summarised in the table above, one risk factor with three levels of risk has been used. The
third step shows how other sampling schemes could be employed, such as convenience sampling (in
which samples are distributed according to other criteria and the number of samples is allocated
within each risk level). In this example, the surveyor decided to sample five times more in the highrisk locations and three times more in the medium-risk locations than in the baseline areas. The
resulting sample size is calculated with the same confidence and design prevalence for each risk level,
as shown in Table 18.
There is a consequent reduction of sample size when comparing the survey design without using risk
factors (748) with the survey design using risk factors (546). When applying the convenience
sampling approach, the sample size is further reduced (from 546 to 441).
Table 18: Sample size calculated using RiBESS+ for a detection survey

Land use

Agriculture
area

Design
prevalence
(%)

Confidence
level (%)

Samples
without risk
factor

0.5

95

748

Samples with risk factor
Risk
level

High risk
Medium
risk
Baseline

www.efsa.europa.eu/publications
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No
convenience
sampling
546

Convenience
sampling
441

126
168

5
3

245
147

252

1
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Figure 12:
Screenshot of RiBESS+ illustrating the different steps to estimate sample size for a detection survey. Step 1: Input the values of the survey
parameters; Step 2: Integrate the risk factors; Step 3: Perform a convenience sampling. The green circles are the chosen functionality, the blue circles
are the input values of the survey parameters, and the red circles are the estimated outputs
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3.4.4.

Proportional allocation of the samples to the number of risk
locations

The allocation of the samples estimated for the three risk levels using a convenience sampling
approach for Spain can be done proportionally to the risk locations that are in each NUTS 2 region.
The 49 remaining samples that need to be taken in baseline risk areas can be allocated equally in the
12 NUTS 2 regions. The results of these calculations are shown in Table 19.
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Table 19: Example of a proportional allocation of the trees to be inspected (and from which 50 fruits are sampled) to the number of risk locations in the
NUTS 2 regions of Spain

Code
ES1

NUTS 1

NUTS 2

Citrus
nurseries

Citrus
packing
houses and
processing
industries(a)

High-risk locations(b)
N

Proportion

Medium-risk locations(c)

Baseline

Samples

N

Proportion

Samples

Samples

NOROESTE

ES11

Galicia

0

0

0

0.000

0

0

0.000

0

4

ES12

Principado de
Asturias

0

0

0

0.000

0

0

0.000

0

4

ES13

Cantabria

0

0

0

0.000

0

0

0.000

0

4

País Vasco

0

0

0

0.000

0

0

0.000

0

4

ES41

Castilla y León

0

0

0

0.000

0

0

0.000

0

4

ES43

Extremadura

0

0

0

0.000

0

0

0.000

0

4

ES51

Cataluña

29

8

1

0.002

6

36

0.073

12

4

ES52

Comunidad
Valenciana

12

210

21

0.043

117

201

0.408

66

5

Illes Balears

0

0

0

0.000

0

ES61

Andalucía

4

130

13

0.026

72

121

0.245

40

4

ES62

Murcia

7

93

9

0.018

50

91

0.185

30

4

ES2

NORESTE

ES21
ES4

ES5

CENTRO (ES)

ESTE

ES53
ES6

ES7

4

SUR

CANARIAS

ES70
Total Spain

Canarias

0

0

0

0.000

0

0

0.000

0

4

52

441

44

0.089

245

449

0.911

148

49

(a) Citrus packing houses and processing industries group importers and non-importers of fruit from 3rd countries.
(b) High-risk locations group packing houses and processing industries that process imported fruit from 3rd countries.
(c) Medium-risk locations group packing houses and processing industries that do not process imported fruit from 3rd countries as well as citrus nurseries.
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3.5.

Estimation of the confidence of an implemented survey

Following the implementation of the survey, it is possible to calculate the achieved or realised
confidence level of the survey under the same assumptions using the same methods as for detection
and identification.
Figure 13 illustrates an example using the RiBESS+ tool to calculate the achieved confidence of the
survey without including risk factors. After selecting the option for estimating the ‘global
sensitivity’ or confidence level, the survey parameters should be provided in the tool.
For example, if the survey was designed to achieve a confidence level of 78% to detect 1%
prevalence in agricultural areas (Option 1a), 189 trees should be inspected and fruit collected from
them for laboratory testing considering a target population of 132,133,950 citrus trees in the survey
area and a method sensitivity of 0.80. If only 130 trees were inspected in the agricultural areas and all
collected fruit tested negative for P. citricarpa, then the achieved confidence level of that survey is
65% (Figure 13).
As a conclusion of this survey, under the assumption of homogeneity of the surveyed areas, it could
be stated with 65% confidence that, if P. citricarpa is present in the agricultural areas, it is below 1%
prevalence (infected citrus trees). If in this case the survey was designed to conclude with 78%
confidence for the agricultural areas, then the objective has not been met.

Figure 13:
Screenshot of RiBESS+ illustrating the estimation of the achieved confidence level of
a survey without risk factors. The green circle is the chosen functionality, the blue circles are the
input values of the survey parameters, and the red circle is the estimated output value
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Figure 14 illustrates an example using the RiBESS+ tool to calculate the achieved confidence of the
survey including risk factors. After selecting the option for estimating the ‘global sensitivity’ or
confidence level, the survey parameters should be provided in the tool. Then ‘risk factor’ should be
selected and filled in as shown in the previous section.
For example, if the survey was designed to achieve a confidence level of 95% to detect 0.5%
prevalence in agricultural areas (Table 18), a specific number of trees should be inspected in the
different risk areas, and fruit collected from them for laboratory testing considering a target
population of 132,133,950 citrus trees in the survey area and a method sensitivity of 0.80.
If in those agricultural areas 120 trees were inspected and sampled in high-risk areas (instead of the
planned 126), 50 trees in medium-risk areas (instead of 168) and 20 in the baseline (instead of 252),
and all fruit sampled from the inspected trees tested negative for P. citricarpa, then considering a
target population of 132,133,950 host plants in the survey area, a method sensitivity of 0.80 and a
design prevalence of 0.5%, the calculated confidence level of that survey is 74%.
If in this case the survey was designed for a 95% confidence level and a 0.5% design prevalence,
then the objective has not been met.
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Figure 14:
Screenshot of RiBESS+ illustrating the two steps for the estimation of the achieved confidence level of a survey with risk factors. The green
circles are the chosen functionalities, the blue circles are the input values of the survey parameters, and the red circle is the estimated output value
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4.

Delimiting survey

A delimiting survey is conducted to establish the boundaries of an area considered to be infested with
or free from a pest (ISPM 5 (FAO, 2020)).
The delimiting survey is performed after a positive finding of P. citricarpa to delimit an area or infested
zone where the pest is contained.
Within the delimited area or infested zone, an eradication or containment programme (ISPM 9, FAO,
2016a) will be implemented, but this is not addressed in these guidelines.
Around the infested zone, a buffer zone is established and intensively surveyed to protect the territory
from further spread of the pest and to ensure pest freedom over time. The infested zones with the
buffer zone are defined in the EU legislation as the ‘demarcated area’ 7.
However, immediately after the first finding is confirmed, a provisional demarcation is performed
where official measures are applied to avoid further spread of the disease. The results of the
delimiting survey will confirm the definitive boundaries and extent of the demarcated area.
In this section, hypothetical scenarios are given for illustration purposes.

4.1.

Delimiting survey strategy

The delimiting survey strategy is based on a sequence of detection surveys performed in peripheral
bands going inwards to the centre of the potentially infested zone. The width of the survey bands is
defined according to the yearly local spread capacity of the disease. Therefore, before starting the
delimitation of the infested zone, the mating type(s) of the finding(s) need to be identified (EFSA,
2020) because the potential spread distance of the fungus depends on this.
Within each peripheral band, the freedom from P. citricarpa can be defined within a statistical
framework, with 95% confidence that the prevalence of the pathogen in the surveyed target
population, if present, is below the design prevalence. A stepwise procedure is described below.

4.1.1.

Step 1. Find the source of infection after a positive finding of

Phyllosticta citricarpa
Once P. citricarpa has been detected in an area, and the mating type(s) identified, a tracing back and
forward procedure should be conducted by the NPPO as required by ISPM 9 (FAO, 2016a), to identify
other potential locations that could have been exposed to similar infection, and locations that could
have been exposed following the further spread of the pathogen. Intensive monitoring should be
carried out in all the identified areas.
Following the finding of an infected tree, the most plausible infection source should be identified by
monitoring the risk locations within the spread distance. The locations where trees are found to be
infected are then considered to be the source of the infection. Different cases can be distinguished as
shown in Figure 15.

7

Regulation (EU) 2016/2031 of the European Parliament of the Council of 26 October 2016 on protective measures against
pests of plants, amending Regulations (EU) 228/2013, (EU) 652/2014 and (EU) 1143/2014 of the European Parliament and of
the Council and repealing Council Directives 69/464/EEC, 74/647/EEC, 93/85/EEC, 98/57/EC, 2000/29/EC, 2006/91/EC and
2007/33/EC. OJ L 317, 23.11.2016, pp. 4–104.
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One infected host was found; no source
locally identified. The infected host
becomes the source of the infection.

One infected host was found and a source
identified.

More than one infected host was found;
no sources locally identified. All infected
hosts are considered as sources.

More than one source of infection was
identified.

Figure 15:

4.1.2.

Different scenarios for the identification of the source of an infected host plant

Step 2. Estimate the boundaries of the potentially infested zone

Around the source of the infection, the potentially infested zone must be determined, and its extension
depends on the time and rate at which the pest has been spreading in the area. If the delimiting survey
is conducted in an area that has been surveyed yearly, then the probability of finding the two
complementary mating types forming ascospores in the same year of introduction is negligible. In this
situation, the natural spread is estimated to be about 20 m. Whereas, if the surveys in the area have not
been conducted in the last year, the possibility of having ascospores from two complementary mating
types cannot be excluded. In this case, the potential spread distance with airborne ascospores present is
estimated to be about 800 m (EFSA, 2020). This is shown in Figure 16 where the potentially infested
zones to survey depend on how long it has been since the last detection survey was performed. Figure
16 also shows that if all risk locations are surveyed on a yearly basis, in the event of a positive finding,
the delimiting survey should concentrate only on the first 20 m around the risk location.
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Figure 16:
Potentially infested zone to consider around the source of infection for a delimiting
survey of Phyllosticta citricarpa depending on the time elapsed since the last detection survey was
conducted at the site (EFSA, 2020)
In EFSA (2019), the maximum short-distance spread rate was estimated by expert knowledge
elicitation to be approximately 800 m per year (with a 95% uncertainty range of 56–3,562 m).
Therefore, a peripheral band 800 m wide around the potentially infested zone should be defined for
performing the survey.
Figure 17a shows the potentially infested zone (PIZ 1) 800 m wide and the additional 800 m band
(Band 1) under the assumption that the last detection survey was carried out 2 years ago. Figure 17b
illustrates the situation where two potentially infested zones overlap for the delimiting survey. The
procedure as developed in this section can also be applied in this case.

a) Single infection source
Band 1

b) Multiple infection sources
Band 1

800 m

1,600 m

PIZ 1

800 m

Source

1,600 m

800 m

PIZ 1 1,600 m

Source 2

Source 1

Legend

Source of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Provisional demarcated area
Legend

Sources of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Provisional demarcated area

Figure 17:
Graphical description of the potential infested zone around the source of infection and
the additional 800 m surrounding the potentially infested zone (i.e. Band 1) where the survey
should be conducted first. (a) A single infection source was identified. (b) Multiple infection
sources were identified
www.efsa.europa.eu/publications

46

EFSA Supporting publication 2020:EN-1873

Phyllosticta citricarpa specific guidelines for survey

4.1.3.

Step 3. Delimit the boundaries of the infested zone

This step starts with surveying Band 1. After analysing the samples collected, two different situations
could arise:
4.1.3.1.

Step 3a. Narrowing down the potentially infested zone

If all the samples taken in Band 1 have tested negative to P. citricarpa then Band 1 is cleared. An
inner Band 2 is defined for a new round of the survey. The potentially infected zone 1 (PIZ 1) is
narrowed down by 800 m from its periphery, defining Band 2 and PIZ 2 (Figure 18). After analysing
the samples collected, again two different situations could arise:
1. If all the samples taken in Band 2 have tested negative to P. citricarpa then Band 2 is cleared.
An inner Band 3 is defined for a new round of the survey. PIZ 2 is narrowed down by 800 m
from its periphery, defining Band 3 and PIZ 3. This process is repeated until the source of
infection is reached.
2. If at least one infected plant was found in Band 2, the boundaries of the infested zone are
confirmed, and the infested zone is delimited as PIZ 2 + Band 2. Around the infested zone a
buffer zone of 3,500 m is defined. This is between the 95 and 99% percentiles of the
maximum spread rate estimated by expert knowledge elicitation (EFSA, 2019). This is shown
in Figure 18. The buffer zone should be surveyed yearly to ensure it is kept free of the pest.
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Figure 18:
Graphical description of Step 3a to confirm the boundaries of the infested zone. A buffer zone of 3,500 m is defined around the infested zone
to define the demarcated area
www.efsa.europa.eu/publications
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4.1.3.2.

Step 3b. Enlarging the potentially infested zone

If at least one sample tested positive to the fungus in Band 1, PIZ 1 is enlarged to include Band 1,
defining PIZ 2. An additional 800 m surrounding PIZ 2 should be surveyed, i.e. Band 2, using the
same design prevalence and confidence level and method sensitivity as the survey for Band 1. This
process is iterative until one band is found to be free of the pest and is cleared. This is illustrated in
Figure 19. When a survey band of 800 m is found to be free of the pest, the delimitation process is
finalised, and the demarcated area is defined as the confirmed infested zone surrounded by a buffer
zone of 3.5 km.
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Enlarging the potential infested zone

Provisional demarcated area

Provisional demarcated area
Band 2
Band 1

PIZ 1

800 m

Band 1: Infested

800 m

800 m

PIZ 2

Findings in Band 1

1,600 m

Findings in Band 2

*

1,600 m

*
Source of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Iterative process following
positive findings in the
newly defined survey bands

*

Source of infection
PIZ 2 : Potentially infested zone 2
Band 2 : Survey band 2
Positive finding

*
No new findings
Band 1 is cleared

No new findings
Band 2 is cleared

Boundaries of the infested zone
confirmed and area demarcated

Narrowing down of the PIZ
following the process
described in Step 3a

Band 2: Cleared

Demarcated area

Band 1: Infested

800 m

Infested zone

Buffer zone: 3,500 m

1,600 m

*

*
*

Source of infection

finding
* Positive
Infested zone

Figure 19:
Graphical description of Step 3b. At least one infected plant tested positive in the first peripheral band of 800 m (Band 1) around the
potentially infested zone 1; an additional peripheral band to survey (Band 2) is defined around the enlarged potentially infested zone 2 (Band 1 +
potentially infested zone 1)
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4.2.

Survey parameters

4.2.1.

Example definition

The survey parameters are estimated for the following example.
‘An infected plant has been found in an agricultural area. The source of the infection has been
identified as a fruit-packing house extending over 1 ha. Two years ago, a detection survey was
conducted in the same area, and no infected trees were found. It has been estimated that each
hectare has on average 450 citrus trees. A provisional demarcation of the area was carried out.’
The survey should start in Band 1 (Figure 20) and if at least one sample tests positive in Band 1 the
calculation should be conducted similarly for the next band.

4.2.2.

Target population and epidemiological unit

The entire survey band, defined in Step 2 of the delimiting survey strategy, is considered as a single
epidemiological unit: the 800 ha to survey are assumed to be entirely within a homogeneous
agricultural area.
The area of the first 800 m peripheral band (Band 1) should be estimated, as shown in Figure 20.

Area of Band 1

=

Area of PIZ 1 and Band 1

(3,200 + 100 + 1,600)2
= 1,312 hectares

- Area of PIZ 1
- (3,200 + 100)2

800 m

17

1,600 m

Source of infection
PIZ 1 : Potentially infested zone 1
Band 1 : Survey band 1

Provisional demarcated area

Figure 20:
Calculation of the hectares of Band 1 for a delimiting survey to be conducted 2 years
after the last detection survey in the area
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Following the same reasoning, the number of hectares corresponding to the 800 m wide band for
each year since the last detection survey can be calculated as shown in Table 20.
Table 20: Area (in hectares) to include in the first peripheral band of 800 m around the potentially
infested zone for a delimiting survey of Phyllosticta citricarpa, depending on the time elapsed
since the last detection survey was conducted

Years since last detection
survey of the site

Potentially infested zone around
the source of infection

Band of 20 m  9 ha

Year 0
Year 1
Year

Area (ha) of the first peripheral
band around the potentially
infested zone

2(a)

Year 3

800 m

Band of 800 m  800 ha

1,600 m

Band of 800 m  1,312 ha

2,400 m

Band of 800 m  1,824 ha

(a) This is the scenario chosen for the simulations.

4.2.3.

Confidence level and design prevalence

The aim of the survey designed in this section is to delimit the area where P. citricarpa is contained
following a positive finding with 95% confidence that if the fungus is present in the area, the number
of infected citrus trees is below the specified design prevalence of 0.1% for delimiting and buffer zone
surveys (see example in Section 2.3, Table 6).

4.3.

Simulations

Two simulations have been run: Simulation 1 for the scenario where a delimiting survey is performed
2 years after the last detection survey was performed at the site without any positive finding; and
Simulation 2 for the scenario where a delimiting survey is performed within the same year as the last
detection survey without any positive finding was performed at the site.
The survey parameters are summarised in Table 21.
Table 21: Survey parameters for an example Phyllosticta citricarpa delimiting survey in an
agricultural area
Survey parameters
Last detection survey
Band 1
Epidemiological unit

Host density
Number of citrus trees

Simulation 1

Simulation 2

Year 2

Year 0

1,312 ha

9 ha

450 trees/ha
590,400 trees

9,450 trees

Design prevalence

0.1%

Confidence level

95%

Method sensitivity

0.80

4.3.1.

Sample size calculation

Figure 21 shows that for simulation 1 the sample size is 3,734 obtained using RiBESS+ and 3,209 for
simulation 2.
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Figure 21:

Screenshots of the sample size calculations using RiBESS+ for a delimiting survey of

Phyllosticta citricarpa performed 2 years after the last detection survey was performed at the site
(Simulation 1) and the same year the last detection survey was performed (Simulation 2). The
green circle is the chosen functionality, the blue circles are the input values of the survey
parameters, and the red circles are the estimated output values

4.3.2.

Sample allocation

For simulation 1, if the samples are allocated proportionally across the hectares of the entire survey
Band 1, this would correspond to three trees to be sampled per each hectare of Band 1
(3,734/1,321=2.8).
For simulation 2, if the samples are allocated proportionally across the hectares of the entire survey
Band 1, this would correspond to 360 trees to be sampled per each hectare of Band 1
(3,209/9=356≅360).
Within each hectare, the choice of the samples can be prioritised according to the susceptibility of the
species that is related to the probability of being infected (C. lemon > C. sinensis, see Table 5).
When comparing the two simulations, although the sample size is in the same order of magnitude, it
can be concluded that Simulation 2 is the preferred scenario for the sampling effort (sample size and
inspection effort) and the potential extent of the outbreak area, making the possible eradication more
realistic. It is therefore recommended to systematically survey all the risk locations yearly.

4.4.

Multiple infections

When multiple infections are found in an area, and these infections are not independent of each
other, i.e. they result from the spread of the disease from the same initial introduction of the fungus,
it is recommended that they are grouped into a single infested zone. The infested zone is defined in
Article 18(2) of the Plant Health Regulations 2016/2031 as the area comprising:
-

all infected plants;
all plants showing signs or symptoms;
all other plants:
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liable to have been or to become contaminated or infected due to:
 their susceptibility

and
or
or

-



their close proximity to infected plants



their common source of production with infected plants

 their descent from infected plants;
land, soil, watercourses or other elements infested, or liable to become infested.

One procedure that could be used to group them would be to identify the outer points at which
infections were localised and join them with a straight line, creating a polygon that covers all local
infections identified. A similar process to the one used to define the buffer and infested zones using
the survey band procedure explained above could be followed.
Overall, when combining the infested zones, the survey sample for the delimiting survey will be
reduced and the allocation of the samples in the area can be proportional to the host plant
distribution.

5.

Buffer zone surveys

In ISPM 5 (FAO, 2020, p. 12) a buffer zone is defined as ‘An area surrounding or adjacent to an area
officially delimited for phytosanitary purposes in order to minimize the probability of spread of the
target pest into or out of the delimited area, and subject to phytosanitary or other control measures, if
appropriate.’ According to Regulation (EU) 2016/2031, the extent of the buffer zone should be
appropriate to the risk of the pest concerned spreading out of the infested zone naturally or by human
activities in the infested zone.
Once the boundaries of the infested zone are established, a buffer zone of 3,500 m is defined around
it. This value is between the 95 and 99% percentiles of the maximum spread rate estimated by expert
knowledge elicitation (EFSA, 2019). Intensive surveillance is needed in the buffer zone to ensure the
pest remains contained within the infested zone where an eradication programme can be
implemented. If such a survey finds infected trees in the buffer zone, delimiting surveys should be
conducted to establish the new boundaries of the infested zone, and the buffer zone should be
extended accordingly.

5.1.

Survey parameters

5.1.1.

Target population

Because the buffer zone of 3,500 m around the infested zone is a wide area, it might include both
agricultural and residential areas. The survey should thus be conducted in the different environments
and combined by means of the method presented in Section 2.3.
In the example used for the simulations, all the residential areas as well as all the agricultural areas of
the buffer zone are assumed to be homogeneous in terms of the epidemiology of the disease caused
by P. citricarpa.
The simulations are based on the following scenario (Figure 22a). The extent of the buffer zone is
calculated as shown in Figure 22b.
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Demarcated area

a)

Buffer zone

3,500 m

Infested zone

*
2,400 m

*

*
Source of infection

Agricultural area

finding
* Positive
Infested zone

Residential area

b)
Area of Buffer zone

=

Area of Demarcated area

- Area of Infested zone

(4,800 + 100 + 7,000)2
= 13,536 hectares

- (2,400 + 100)2

Figure 22:
(a) Schematic representation of the buffer zone; (b) Calculation of the area in
hectares covered by the buffer zone
The host population in the buffer zone is structured as shown in Table 22.
Table 22: Host populations in the agricultural and residential areas of the buffer zone
Hectares

Citrus trees /ha

Host plant population

Agricultural area

10,000

450

4,500,000

Residential area

800

N/A

20,000

Areas without host plant (e.g.
roads, industries, urban areas)

960

N/A

N/A

Buffer zone
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5.1.2.

Confidence and design prevalence

The objective of the survey in the buffer zone is to ensure that the area remains free from the pest
and to detect P. citricarpa at the very early stages of its introduction. Therefore, the aim is to detect
the fungus in the area with an overall confidence level of 95% that it is below a design prevalence of
0.1% accepted by the risk managers. To achieve a survey with 95% confidence for the entire buffer
zone, applying the method explained in Section 2.3, a 78% confidence level should be achieved for
the agricultural areas and for the residential areas.
The parameters for the survey of the buffer zone are summarised in Table 23.
Table 23: Parameters used to design the survey of the buffer zone
Buffer zone survey

Agricultural areas

Residential areas

Confidence level

78%

78%

Design prevalence

0.1%

0.1%

Method sensitivity

0.80

0.80

Target population

4,500,000

20,000

5.1.3.

Risk factor

For the delimiting survey, the outer band, 800 m wide, surrounding the infested zone, which has been
surveyed and found free from P. citricarpa, can be considered to have a higher risk than the rest of
the buffer zone. In this example, the first 800 m (high-risk area) are only in an agricultural area, and
the citrus trees are considered to have double the risk of being infected as the remaining 2,700 m of
the buffer zone (baseline). The area covered by the first 800 m around the infested area can be
calculated using the same method as shown in Figure 22b for the entire buffer zone.
High-risk area:
[(800 + 800 + 2,400 + 2,400 + 100)2 – (2,400 + 2,400 + 100)2] / 10,000 = 1,824 hectares
If less than 1 year has elapsed between the survey conducted in the outer band and the demarcation
of the buffer zone, then the samples analysed can be considered as evidence of pest freedom in the
buffer zone and thus be deducted from the overall estimated survey sample.
In this example a convenience sampling is applied with twice as many samples taken in the high-risk
area as in the baseline area.
The risk factor parameters for the simulation is summarised in Table 24 below.
Table 24: Risk factor parameters for a survey of the buffer zone
Risk factor

Host plant population

Proportion of
population

Relative risk

Convenience
sampling

High-risk area

820,800

0.18

2

2

Baseline

3,679,200

0.82

1

1

Host plant
population

4,500,000

1

5.2.

Simulations in the buffer zone

Figure 23 schematises the different areas within the demarcated area and in particular shows the risk
areas of the buffer zone.
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Demarcated area

a)

Buffer zone

Baseline area RR=1

High risk area RR=2

2,700 m

800 m

Infested zone

*
2,400 m

3,500 m

*

*
Source of infection

finding
* Positive
Infested zone
Figure 23:

Agricultural area
Residential area

Schematic representation of the risk areas of the buffer zone

The simulations are presented separately for the agricultural area (Figure 24) and for the residential
area (Figure 25).
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5.2.1.

Simulation for the agricultural area of the buffer zone

Figure 24:
Screenshot of RiBESS+ for the calculation of the risk-based sample size for the agricultural areas of the buffer zone. The green circles are the
chosen functionalities, the blue circles are the input values of the survey parameters, and the red circles are the estimated output values
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5.2.2.

Simulation for the residential area of the buffer zone

Figure 25:
Screenshot of RiBESS+ for the calculation of the sample size for the residential areas
of the buffer zone. The green circle is the chosen functionality, the blue circles are the input
values of the survey parameters, and the red circle is the estimated output value
The results of the simulations are shown in Table 25.
Table 25: Summary of the sample size calculations performed for agricultural and residential areas
of the buffer zone
Land use
Agricultural
area
Residential
area
Total

Design
prevalence
(%)

Confidence
level (%)

Risk level

Relative risk

Convenience
sampling

Samples

0.1

78

High risk
Baseline
N/A

2
1
N/A

2
1
N/A

894
447
1,823

0.1

95

3,164

After conducting this annual survey of the buffer zone, it is possible to conclude with 95% confidence
that if all sampled fruit from the 3,164 inspected trees test negative for P. citricarpa, the prevalence of
the fungus, if present, will be below 0.1%.
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6.

Conclusions

At the request of the European Commission, to support the EU Member States (MSs), EFSA has
prepared these specific guidelines for the survey of Phyllosticta citricarpa. This document guides the
surveyor through the design of statistically sound and risk-based surveys for P. citricarpa, integrating
into the design the key information gathered using the pest survey card for P. citricarpa (EFSA, 2020).
Three different survey aims are distinguished: detection surveys to substantiate pest freedom in an
area or country, delimiting surveys to determine the boundaries and extent of an infested zone, and
buffer zone surveys to create a zone that serves as a buffer to the rest of the area and for this it
should ensure pest detection at low levels of prevalence. The guidelines have been developed based
on examples to illustrate the design of these three types of survey.

The first step of the survey design consists of setting the goals of the survey , characterising the host

plant population and the methods used to identify the pest. For this, it is necessary to quantify the
survey parameters and consider the importance of the assumptions that are made for each one of
them. When setting the design prevalence and the confidence level of the survey, the chosen values
should reflect the goals of the survey and the compromise between the resources needed to
implement the survey and the risks posed by the pest that risk managers are willing to accept.
Detailed information on the land use in the survey area is needed to determine the size of the target
population and its hierarchical structure. The host plant population can then be defined by subdividing
it into units that are homogeneous in terms of the epidemiology of the disease caused by P. citricarpa.
To characterise the risk factors that will make it possible to better target the surveys to those areas
where the probability of infections is higher, the relative risks can be estimated using expert
knowledge or by means of data analysis that allow relative risk estimation. An average method
sensitivity needs to be estimated combining the sampling effectiveness and diagnostic sensitivity. This
is particularly challenging for P. citricarpa as it varies depending on the plant organs that are tested,
so a conservative approach is recommended. The better the information used to select and estimate
the survey parameters, the more robust the conclusions of the survey will be.

In the second step, the sample size is calculated using the survey parameters as inputs for the
statistical tool (RiBESS+). The mathematical principles behind the tool are in line with the
recommendations and guidelines provided by the IPPC in their various ISPMs and guidelines for pest
surveys. In addition, RiBESS+ is routinely used for surveillance activities in the animal health sector.
The approach in these guidelines was further developed and tailored to surveys for P. citricarpa.
Based on the examples developed in the guidelines, the more details that are available when selecting
and estimating the survey parameters, the more targeted the survey design can be and consequently
the lower the sample size will be and the more robust the conclusion of the survey.

The last step of the survey design is the allocation of the samples in the survey area . Depending on

the information available on the target population and risk factors, the samples could be allocated
proportionally to the number of epidemiological units, or to the number of risk locations or to the host
plant population in the survey area. If no information is available, the samples could be randomly
distributed across the survey area.
The robustness of the conclusions of surveys designed using the proposed approaches depends
strongly on the survey preparation. The methodology proposed here allows surveys to be compared
across time and space, thus contributing to harmonisation of the surveys in the EU MSs.
Considering that in the EU the survey implementation is at MS level, and that the data required to
prepare the surveys are available at national or even at regional level, the developed approach should
be tailored to each specific situation in terms of host plants and resources. The approaches and tools
provided for the specific surveys of P. citricarpa are extremely flexible and the success of a good
survey design relies on the technical aspects of the survey preparation and the involvement of the risk
managers.
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General glossary for pest survey
Term
Buffer zone

Definition*
An area surrounding or adjacent to an area officially delimited for
phytosanitary purposes in order to minimise the probability of
spread of the target pest into or out of the delimited area, and
subject to phytosanitary or other control measures, if appropriate
(ISPM 5: FAO, 2020).

Component
(of a survey)

A component is a survey entity which can be distinguished based on
its target population, the detection method (e.g. visual examination,
laboratory testing, trapping) and the inspection unit (e.g. vectors,
branches, twigs, leaves, fruit). A pest survey comprises various
components. The overall confidence of the survey will result from
the combination of the different components.

Confidence

The sensitivity of the survey is a measure of reliability of the survey
procedure (Montgomery and Runger, 2010). The term confidence
level is used in ‘Methodologies for sampling of consignments’ (ISPM
31: FAO, 2016b).

Delimiting survey

Survey conducted to establish the boundaries of an area considered
to be infested by, or free from, a pest (ISPM 5: FAO, 2020).

Design prevalence

It is based on a pre-survey estimate of the likely actual prevalence
of the pest in the field (McMaugh, 2005). The survey will be
designed in order to obtain at least a positive test result when the
prevalence of the disease will be above the defined value of the
design prevalence.

analogous to the term level
of detection used in
‘Methodologies for sampling
of consignments’ (ISPM 31:
FAO 2016b)

In ‘freedom from pest’ approaches, it is not statistically possible to
say that a pest is truly absent from a population (except in the rare
case that a census of a population can be completed with 100%
detection efficiency). Instead, the maximum prevalence that a pest
could have reached can be estimated, this is called the ‘design
prevalence’. That is, if no pest is found in a survey, the true
prevalence is estimated to be somewhere between zero and the
design prevalence (EFSA, 2018).

Detection survey

Survey conducted in an area to determine whether pests are
present (ISPM 5: FAO, 2020).

Diagnostic protocols

Procedures and methods for the detection and identification of
regulated pests that are relevant to international trade (ISPM 27:
FAO, 2016a).

Epidemiological unit

A homogeneous area where the interactions between the pest, the
host plants and the abiotic and biotic factors and conditions would
result in the same epidemiology should the pest be present. The
epidemiological units are subdivisions of the target population and
reflect the structure of the target population in a geographical area.
They are the units of interest to which statistics are applied (e.g. a
tree, orchard, field, glasshouse, or nursery) (EFSA, 2018).

analogous to the term lot
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)
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Expected prevalence

In prevalence estimation approaches, it is the proportion of
epidemiological units expected to be infested or infested.

Expert knowledge
elicitation

A systematic, documented and reviewable process to retrieve expert
judgements from a group of experts in the form of a probability
distribution (EFSA, 2014).

Host plant

A host plant is a plant species belonging to the host range on which
the pest could find shelter, feed or subsist at least for a period of
time.

Host range

Species capable, under natural conditions, of sustaining a specific
pest or other organism (ISPM 5: FAO, 2020).
This definition is limited to array of host plants species and does not
include commodities other than plants or plant parts.

Identification

Information and guidance on methods that either used alone or in
combination lead to the identification of the pest (ISPM 27: FAO,
2016a).

Infected versus infested

Infected is used when a pathogen is referred to in relation to its
hosts (e.g. the trees are infected by the bacterium).
Infested is used when an insect is referred to in relation to its hosts
(e.g. the trees are infested by beetles).
Infested is used when the pest is mentioned in relation to an area
(e.g. an infested zone).

Inspection

Official visual examination of plants, plant products or other
regulated articles to determine whether pests are present or to
determine compliance with phytosanitary regulations (ISPM 5: FAO,
2020).

Inspection unit

The inspection units are the plants, plant parts, commodities or pest
vectors that will be scrutinised to identify and detect the pests. They
are the units within the epidemiological units that could potentially
host the pests and on which the pest diagnosis takes place (EFSA,
2018).

analogous to sample unit
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)
Inspector

Person authorised by a national plant protection organisation to
discharge its functions (ISPM 5: FAO, 2020).

Method sensitivity

The conditional probability of testing positive given that the
individual is diseased (Dohoo et al., 2010). The method sensitivity
(MeSe) is defined as the probability that a truly positive host tests
positive. It has two components: the sampling effectiveness (i.e.
probability of selecting infested plant parts from an infested plant)
and the diagnostic sensitivity (characterised by the visual inspection
and/or laboratory test used in the identification process).

analogous to the term
efficacy of detection used
in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)
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The diagnostic sensitivity is the probability that a truly positive
epidemiological unit will result positive and is related to the
analytical sensitivity. It corresponds to the probability that a truly
positive inspection unit or sample will be detected and confirmed as
positive.
The sampling effectiveness depends on the ability of the inspector
to successfully choose the infested plant parts in a host plant. It is
directly linked to the sampling procedure itself and on the training of
the inspectors to recognise the symptomatology of the pest.
Furthermore, symptom expressions are dependent, among other
factors, on the weather conditions as well as on the physiological
stage of the host plant when the sample is taken.
Pest diagnosis

The process of detection and identification of a pest (ISPM 5: FAO,
2020).

Pest freedom

Pest freedom can be defined, for a given target population, in a
statistical framework, as the confidence of freedom from a certain
pest against a pre-set design prevalence (threshold of concern).

Population size

The estimation of the number of the plants in the region to be
surveyed (EFSA, 2018).

Relative risk

The ratio of the risk of disease in the exposed group to the risk of
disease in the non-exposed group (Dohoo et al., 2010).

Representative sample

A sample that describes very well the characteristics of the target
population (FAO, 2014).

RiBESS+

Risk-based surveillance systems. This is an online application that
implements statistical methods for estimating the sample size, global
(and group) sensitivity and probability of freedom from disease.
Free access to the software with prior user registration is available
at https://shiny-efsa.openanalytics.eu/

Risk assessment

Evaluation of the probability of the introduction and spread of a pest
and the magnitude of the associated potential economic
consequences (ISPM 5: FAO, 2020).

Risk factor

A factor that may be involved in causing the disease (FAO, 2014).
It is defined as a biotic or abiotic factor that increases the probability
of infestation of the epidemiological unit by the pest. The risk
factors relevant for the surveillance should have more than one level
of risk for the target population. For each level, the relative risk
needs to be estimated as the relative probability of infestation
compared with a baseline with a level 1.
Consideration of risk factors in the survey design allows the survey
efforts to be enforced in those areas, where the highest probabilities
exist to find the pest.
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Risk-based survey

A survey design that considers the risk factors and enforces the
survey efforts in the corresponding proportion of the target
population.

SAMPELATOR

Sample size calculator. This is an online application that implements
statistical methods to estimate the sample size for pest prevalence
estimation surveys. Free access to the software with prior user
registration is available at https://shiny-efsa.openanalytics.eu/

Sample size

The sample size refers to the output of the statistical tools for
survey design (RiBESS+ and SAMPELATOR).
‘A well-chosen sample will contain most of the information about a
particular population parameter but the relation between the sample
and the population must be such as to allow true inferences to be
made about a population from that sample.’ (BMJ, online).
The survey sample consists of the required number of ‘inspection
units’ or samples thereof to be examined and/or tested in the survey
to retrieve sufficient information on the pest presence or prevalence
in the total population. For risk-based surveys, the sample size is
calculated on the basis of statistical principles that integrate risk
factors.
If the examination for pest presence is performed by laboratory
testing, at least one sample is taken from each inspection unit.
These samples will undergo relevant laboratory testing.

Sampling effectiveness

For plants, it is the probability of selecting infested plant parts from
an infested plant. For vectors, it is the effectiveness of the method
to capture a positive vector when it is present in the survey area.
For soil, it is the effectiveness of selecting a soil sample containing
the pest when the pest is present in the survey area.

Specified plant

The plant species known to be susceptible to the pest.

Survey

An official procedure conducted over a defined period of time to
determine the characteristics of a pest population or to determine
which species are present in an area (ISPM 5: FAO, 2020).

Target population

analogous to consignment
used in ‘Methodologies for
sampling of consignments’
(ISPM 31: FAO 2016b)

The set of individual plants or commodities or vectors in which the
pest under scrutiny can be detected directly (e.g. looking for the
pest) or indirectly (e.g. looking for symptoms suggesting the
presence of the pest) in a given habitat or area of interest. The
different components pertaining to the target population that need
to be specified are:
definition of the target population: the target population has
to be clearly identified;
• target population size and geographic boundary.
(EFSA, 2018)
•
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Test

Official examination of plants, plant products or other regulated
articles, other than visual, to determine whether pests are present,
identify pests or determine compliance with specific phytosanitary
requirements (ISPM 5: FAO, 2020).

Test specificity

The conditional probability of testing negative given that the
individual does not have the disease of interest (Dohoo et al., 2010).
The test diagnostic specificity is the probability that a truly negative
epidemiological unit will give a negative result and is related to the
analytical specificity. In freedom from disease it is assumed to be
100%.

Visual examination

The physical examination of plants, plant products, or other
regulated articles using the unaided eye, lens, stereoscope or
microscope to detect pests or contaminants without testing or
processing (ISPM 5: FAO, 2020).
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Abbreviations
CBS

Citrus black spot

EFSA

European Food Safety Authority

EPPO

European and Mediterranean Plant Protection Organisation

EU

European Union

FAO

Food and Agriculture Organization of the United Nations

IPPC

International Plant Protection Convention

ISPM

International Standards for Phytosanitary Measures

MAPA

Ministerio de Agricultura, Pesca y Alimentación

NPPO

National Plant Protection Organisation

NUTS

Nomenclature of Territorial Units for Statistics

PCR

Polymerase chain reaction

PIZ

Potentially infested zone
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Appendix A –
Design of a buffer zone survey for Phyllosticta citricarpa
in a two-step approach
A.1.

Survey design scenario

Following the example given in Section 4, an infected tree has been found in an agricultural area and
the area has been demarcated with an infested zone and a buffer zone as shown in Figure A1 and
Table A1.
The scenario for the simulations is the annual survey performed in the agricultural areas of the buffer
Demarcated
area citricarpa.
zone
from Phyllosticta
a) to verify its freedom

Buffer zone

Baseline area RR=1

High risk area RR=2

2,700 m

800 m

Infested zone
3,500 m

*
2,400 m

*

*
Source of infection

Agricultural area

Positive finding

Residential area

* Infested zone

Figure A1: Schematic representation of the risk areas of the buffer zone
Table A1: Host populations in the agricultural and residential areas of the buffer zone

10,000

450

4,500,000

N/A

Proportion
of host
population
N/A

1,824

450

820,800

2

0.18

8,176

450

3,679,200

1

0.82

Residential area

800

N/A

20,000

N/A

N/A

Areas without host plants
(e.g. roads, industrial and
urban areas)
Buffer zone

960

N/A

N/A

N/A

N/A

4,520,000

N/A

N/A

Hectares
Agricultural
area(a)

Total
High-risk
area
Baseline
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The area covered by the high-risk area and the baseline area of the buffer zone was estimated as
follows:
High-risk area:
[(800 + 800 + 2,400 + 2,400 + 100)2 – (2,400 + 2,400 + 100)2] / 10,000 = 1,824 hectares
Baseline area:
(10,000 – 1,824) = 8,176 hectares

A.2.

Survey parameters

A.2.1. Target population and epidemiological units
As defined in the Glossary, an epidemiological unit is a homogeneous area where the interactions
between the pest, the host plants, the abiotic and biotic factors and conditions would result in a
similar epidemiology should the pest be present. The epidemiological units are homogeneous
subdivisions of the target population and reflect the structure of the target population in a
geographical area. They are the units of interest for which the sample size is estimated. This could be
achieved by calculating the overall sample size and then proportionally allocating them to each subset
of the target population. For a statistically based survey it is therefore essential to clearly define these
epidemiological units, indicating the related assumptions.
To optimise the survey efforts in terms of the number of samples that represent the host population,
as much information as possible should be gathered on the homogeneity of the survey area and
epidemiological units should be chosen for which the homogeneity assumptions are realistic and
acceptable. The homogeneity should be analysed in terms of ecology (habitat, environmental
suitability, timing of life stages in the year, crops, host plants, vector abundance, etc.), exposure
(pathways and entry points, flora, etc.), geographical and topographical characteristics.
When there is little information on the epidemiological homogeneity available for the survey area, an
extreme case would be to consider each hectare that contains at least one host plant of P. citricarpa
as an independent epidemiological unit. In this case the assumption taken on homogeneity is likely to
be fulfilled. As a consequence of the high number of epidemiological units, the resulting number of
trees to sample would also be very high. However, despite the high number, this approach enables a
practical and systematic allocation of the trees to sample in the survey area.

A.2.2. Confidence level and design prevalence
The survey has been set up to achieve a 95% confidence level with a design prevalence of 1% in the
agricultural area. In an orchard with 450 citrus trees, if all samples test negative, it would be possible
to be 95% confident that, if the pest is circulating in the orchard, it would infect less than 1% of the
trees.
In this survey design, the focus is on the trees within each single hectare. Considering that in an
outbreak the trees neighbouring an infected tree have a higher probability of being infected than the
ones further away, the disease epidemics might be clustered in the orchards (Spósito et al., 2007;
Hendricks et al., 2017). The design prevalence is thus increased from 0.1% to 1% to account for this
characteristic of the disease epidemiology.

A.2.3. Method sensitivity
The method sensitivity reflects how good the method is at detecting the pest when it is present.
Method sensitivity combines sampling effectiveness and diagnostic sensitivity values. 0.80 has been
used as the reference value for the simulations. Further explanations are provided in Section 2.3.

A.2.4. Summary of survey parameters
The information required for the use of the statistical tool RiBESS+ is summarised in Table A2.
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Table A2: Summary of the survey parameters for a survey of the agricultural areas in the buffer zone
Survey parameters
Target population

Agricultural area
450 citrus trees/ha

4,500,000 citrus trees

Epidemiological unit

1 ha

Inspection unit

1 citrus tree

High-risk area
800 m band adjacent to infested
zone

1,824 ha
820,800 citrus trees
Relative risk 2

Baseline area

Design prevalence

8,176 hectares
3,679,200 citrus trees
Relative risk 1
1%

Confidence level

95%

Method sensitivity

0.80

Risk factors

A.3.

Two-step approach

The survey design is developed by first estimating the number of citrus trees that need to be sampled
within each single hectare (Step 1) and then by estimating the number of hectares that need to be
inspected and sampled (Step 2) to achieve a 95% confidence level for detecting the pest above 1%
prevalence.
The confidence level that is achieved when calculating the number of citrus trees to sample within
each hectare in the first step becomes the sensitivity of the method for calculating the number of
hectares that need to be inspected in the second step.
As a consequence, the higher the confidence within the hectare, the fewer hectares need to be
inspected, and inversely if the confidence at hectare level is decreased, the more hectares need to be
inspected to achieve an overall 95% confidence in the survey.
The resulting sample size is calculated by multiplying the number of hectares that need to be
surveyed by the sample size calculated within the single hectare.

Step 1: Number of trees to inspect and sample within each hectare
In this first step, the objective is to calculate the number of trees that need to be sampled out of 450
citrus trees with a design prevalence of 1% and a method sensitivity of 0.80.
The confidence level at hectare level needs to be set. This value depends on the number of citrus
trees in each hectare and on the method sensitivity (Table A3). The lower these two values are, the
lower the confidence within the hectare will have to be.
When selecting the confidence level at hectare level, practical reasons could also be considered as it
might be more convenient to inspect more trees per hectare but visit fewer hectares.
For the simulations, the scenario was selected that had a 30% confidence level at hectare level and
43 host trees per hectare to sample (Table A3, green cells, and Figure A2).
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Table A3: Confidence level and number of samples within each hectare calculated with RiBESS+, for
a survey at hectare level with the following survey parameters: host population: 450 trees; design
prevalence: 1%; method sensitivity: 0.80
Confidence level

10%

20%

30%

40%

50%

60%

70%

80%

90%

Sample size per hectare

13

28

43

61

81

104

132

169

225

Figure A2 shows how to use RiBESS+ to calculate the number of trees to inspect and sample per
hectare to achieve a 30% confidence level at the hectare level.

Figure A2: Screenshot of RiBESS+ calculating the sample size per hectare to achieve 30%
confidence and 1% design prevalence with a method sensitivity of 80% and 450 citrus trees per
hectare. The green circle is the chosen functionality, the blue circles are the input values of the survey
parameters, and the red circle is the estimated output value.
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Step 2: number of hectares to inspect
In this second step, the objective is to calculate the number of hectares to inspect when 43 trees are
sampled in each inspection, to achieve an overall confidence of 95% of detecting 1% of infected
trees.
The sensitivity of the method to indicate that a hectare is infested with P. citricarpa is needed to
calculate the number of hectares to visit. The sensitivity of the method is, in this case, the probability
of assessing a hectare as infested when the hectare is truly infested. In the previous step we defined
a hectare as infested when we can be 30% confident that the number of infected citrus trees is below
1%. This confidence level at hectare level becomes here the sensitivity of the method.
In this step, a risk factor is introduced. The citrus trees in the first band of 800 m adjacent to the
infested zone (i.e. the high-risk area) are estimated to be twice as likely to be infected with
P. citricarpa as the other citrus trees (i.e. in the baseline area). This is summarised in Table A2:
-

1,824 ha of the agricultural area of the buffer zone are the high-risk area

-

8,176 ha of the agricultural area of the buffer zone are the baseline area.

In addition, a convenience sampling is performed with the objective of obtaining twice as many
hectares to inspect in the high-risk area as in the baseline area.
Figure A3 shows how to use RiBESS+ to calculate the number of hectares to inspect with integration
of the risk factor to achieve an overall 95% confidence level and a 1% design prevalence given a 30%
confidence level at the hectare level and the convenience sampling.
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Figure A3: Screenshots of RiBESS+ for calculating the number of hectares to inspect with integration of the risk factor to achieve an overall 95% confidence
level and a 1% design prevalence given 30% method sensitivity and a convenience sampling (30% confidence level at the hectare level). The green circles
are the chosen functionalities, the blue circles are the input values of the survey parameters, and the red circles are the estimated output values)
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Conclusion: number of samples to take in the agricultural area of the buffer zone
The results and combinations of the different calculations for the two-step approach are presented in Table A4.
Table A4: Results of the sample size calculation using a two-step approach for a risk-based survey in the agricultural area of the buffer zone (epidemiological
units of 1 ha)
Convenience
sampling

Risk factor
Design
prevalence

Confidence
level

Method
sensitivity

Step 1

1%

30%

80%

Step 2

1%%

95%

30%

Survey steps

Relative
risk

Proportion of
hectares

without risk
factor

with risk
factor

with
convenience
sampling

-

-

43 trees/ha

43 trees/ha

43 trees/ha

High risk

2

0.18

2

287 ha

456 ha

Baseline

1

0.82

1

583 ha

228 ha

870 ha

684 ha

Risk
level

Total
hectares
Agricultural area of
the buffer zone

1%

95%

Results

983 ha

80%

1

42,269 trees

37,410 trees

29,412 trees

Table A4 shows the results of the estimated numbers of trees to inspect and sample in an extreme scenario, where little information is known on the
homogeneity of the agricultural area. In this case, the entire survey area (agricultural area in the buffer zone) has been subdivided into epidemiological units
of single hectares, each one of them considered as homogeneous in terms of the epidemiology of the disease caused by P. citricarpa.
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