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Summary

OBJECTIVES: To develop and validate a screening tool
designed to identify detained people at increased risk for
COVID-19 mortality, the COVID-19 Inmate Risk Appraisal
(CIRA).

DESIGN: Cross-sectional study with a representative
sample (development) and a case-control sample (valida-
tion).

SETTING: The two largest Swiss prisons.

PARTICIPANTS: (1) Development sample: all male per-
sons detained in Pöschwies, Zurich (n = 365); (2) Vali-
dation sample: case-control sample of male persons de-
tained in Champ-Dollon, Geneva (n = 192, matching 1:3
for participants at risk for severe course of COVID-19 and
participants without risk factors).

MAIN OUTCOME MEASURES: The CIRA combined sev-
en risk factors identified by the World Health Organization
and the Swiss Federal Office of Public Health as predictive
of severe COVID-19 to derive an absolute risk increase in
mortality rate: Age ≥60 years, cardiovascular disease, di-
abetes, hypertension, chronic respiratory disease, immun-
odeficiency and cancer.

RESULTS: Based on the development sample, we pro-
posed a three-level classification: average (<3.7), elevat-
ed (3.7-5.7) and high (>5.7) risk. In the validation sample,
the CIRA identified all individuals identified as vulnerable
by national recommendations (having at least one risk fac-
tor). The category “elevated risk” maximised sensitivity (1)
and specificity (0.97). The CIRA had even higher capacity
in discriminating individuals vulnerable according to clini-
cal evaluation (a four-level risk categorisation based on a
consensus of medical staff). The category “elevated risk”
maximised sensitivity and specificity (both 1). When con-
sidering the individuals classified as extremely high risk by

medical staff, the category “high risk” had a high discrimi-
natory capacity (sensitivity =0.89, specificity =0.97).

CONCLUSIONS: The CIRA scores have a high discrimi-
native ability and will be important in custodial settings to
support decisions and prioritise actions using a standard-
ised valid assessment method. However, as knowledge
on risk factors for COVID-19 mortality is still limited, the
CIRA may be considered preliminary. Underlying data will
be updated regularly on the website (http://www.prison-re-
search.com), where the CIRA algorithm is freely available.

Keywords: COVID-19, Inmate Risk Appraisal, screening,
prion, vulnerability, Switzerland, development, validation

Introduction

The current situation related to SARS-CoV-2 and its as-
sociated disease (COVID-19) poses critical challenges in
prison settings [1]. Prisons are environments characterised
by unsanitary conditions, insufficient provision of health-
care and promiscuity [2, 3]. All these factors can favour the
spread of the disease [4]. Furthermore, detained persons
tend to have a poorer health status than the general pop-
ulation [5–7]. Therefore, they may be more vulnerable to
severe COVID-19 after infection. Protecting persons liv-
ing in prison from infection is a state responsibility and,
therefore, public health guidance for prison authorities and
healthcare practitioners is crucial.

One way to protect detained persons is through the early
identification of those at increased mortality risk from
COVID-19 and measures to prevent initial infection. The
World Health Organization (WHO) [8] and the Swiss Fed-
eral Office of Public Health (FOPH) [9] suggest that older
age, cancer, cardiovascular disease, chronic respiratory
diseases, immunodeficiency, diabetes and hypertension are
risk factors for becoming severely ill after SARS-CoV-2
infection. The relevance of these risk factors has been sup-
ported in several meta-analyses [10–14] and early prima-
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ry empirical studies from various countries including Chi-
na [15], the United States [16], Italy [17] and Switzerland
[18].

Although medical doctors make evaluations of COVID-19
mortality risk in certain custodial settings, there is no avail-
able tool to quantify prisoners’ vulnerability and classify
them into risk categories. Such an instrument could sup-
port prison managers and staff in prioritising cases and
courses of action (e.g., testing, separation) with an eco-
nomical and valid assessment method. This is particularly
relevant since the disease can spread quicker in custodial
settings than in the general population [1, 2]. Furthermore,
available resources are more limited in prison settings than
in the community [3, 4], which can further jeopardise the
health and living conditions of detained persons.

To address this gap and assist custodial staff taking early
measures to protect detained persons, the present study
collected data from the two largest prisons in Switzerland
to (1) develop a screening tool ‒ named the COVID-19 In-
mate Risk Appraisal (CIRA) ‒ to identify detained persons
at increased mortality risk and to classify them in risk cate-
gories, and (2) test its validity when compared with nation-
al recommendations and clinical evaluation of COVID-19
vulnerability. We hypothesised that (1) the CIRA would be
useful for separating detained persons into different groups
regarding their vulnerability to COVID-19, and that (2) the
CIRA would be a valid assessment of COVID-19 vulnera-
bility.

Methods

Samples and procedure
This cross-sectional study included two purposive samples
(there were 102 prisons in Switzerland by 2019), selected
by different sampling procedures (see below). The first
was used for the development of CIRA scores and risk cat-
egories. The second served to test the criterion validity of
CIRA risk categories. There was no exclusion criterion in
any of the samples. Data were collected by prison medical
staff from prisoners’ medical files.

This study was considered as falling outside of the scope
of the Swiss legislation regulating research on human sub-
jects, so that the need for local ethics committee approval
was waived (Req-2020-01037). Specifically, ethical ap-
proval was not required because data were fully
anonymised, in accordance with Article 2, alinea 2, of the
Federal Act on Research involving Human Beings (HRA),
Switzerland [19]. There were no issues with confidentiali-
ty, anonymity and safety of the data collected.

Development sample.
The development sample included all persons detained in
the Pöschwies prison (Zurich, Switzerland) on 23 March
2020. Pöschwies has 397 places for post-trial detention
(occupation rate = 92%) and includes all kinds of prison
regimes (e.g., common, open, maximum security). A total
of 365 males were included (mean age 41 years, standard
deviation [SD] 13, range 20–83).

Validation sample.
The validation sample included 192 male persons detained
in the Champ-Dollon prison (Geneva, Switzerland) on

March 15, 2020 (mean age 37 years, SD 11, range 19–74).
Champ-Dollon has 398 places for pre-trial and post-trial
detention. At the time of data collection, 650 people were
detained in Champ-Dollon (occupation rate 163%). The
sample included all people clinically classified as vulnera-
ble for COVID-19 (n = 45), identified after a first medical
screening of the whole prison population, and a random se-
lection of 147 of those classified as non-vulnerable (match-
ing 1:3 for severe course of COVID-19, see section “Vari-
ables”).

Development of the CIRA
The CIRA focuses on risk factors identified by the WHO
[8] and the FOPH [9] as risk factors for severe COVID-19,
based on laboratory cases in China. It includes seven fac-
tors: age ≥60 and six medical conditions – cardiovascular
disease, diabetes, hypertension, chronic respiratory dis-
ease, immunodeficiency (the WHO and FOPH removed
immunodeficiency from their lists of risk factors for severe
COVID-19, when the present paper was already under re-
vision; obesity was added to the list of risk factors during
this period) and cancer. Although the FOPH suggests age
≥65 as a risk factor, because of the higher vulnerability of
persons residing in prison [20], the threshold was conserv-
atively reduced to 60 years to take into account the correc-
tional context. Older age in prison is frequently considered
even lower (from 50 years of age), since detained persons
of all ages tend to have a worse health status than persons
in the general population [21].

The CIRA combines these seven risk factors to derive an
absolute risk increase in mortality rate. If a risk factor is
absent, its score is 0. If a risk factor is present, a score
ranging from 3.7 (for cancer) to 8.9 (for cardiovascular
disease) is assigned. Scores correspond to the increased
risk of COVID-19 death relative to the death rate among
persons for whom the risk factor is absent. Death rates
were extracted from the study of the Novel Coronavirus
Pneumonia Emergency Response Epidemiology Team
(NCPERET) [15], which includes information on 72,314
cases of COVID-19 in China and was the most complete
data available at the time of collection. Since the study did
not provide death rates among patients with immunodefi-
ciency, the increased death risk for any comorbidity (i.e.,
combined; 4.1) was assigned for this risk factor. The sum
of the risk factor scores is the CIRA score, which ranges
from 0.0 to 36.9, with higher values representing higher
mortality risk.

Variables

Risk factors
Seven risk factors were collected: age, cardiovascular dis-
ease, chronic respiratory diseases, immunodeficiency, dia-
betes, hypertension and cancer.

Vulnerability according to national recommendations
We derived a binary criterion of being vulnerable as de-
fined by the FOPH [9], which considers detained persons
vulnerable if they are aged ≥65 years and/or if they have
any of the underlying medical conditions listed above.
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Vulnerability according to clinical evaluation
A senior medical doctor (LG) derived a four-level classifi-
cation of vulnerability according to the definition provid-
ed by the Division of Prison Health of the Geneva Uni-
versity Hospitals (DPHGUH; see table S1 in appendix 1).
This classification was employed by the medical staff in
Champ-Dollon to identify vulnerable persons and served to
test the validity of CIRA, a mechanical alternative to this
method. The criteria were developed according to (1) na-
tional recommendations from the FOPH [9], (2) literature
reviews on risk factors for a severe course of COVID-19
[10–14], and (3) consensus of medical doctors from the
DPHGUH on factors to consider.

Analyses
The seven risk factors were used to describe the prevalence
of the diseases and comorbidities in the development sam-
ple. Furthermore, they were combined to generate CIRA
scores. Subsequently, the distribution of CIRA scores was
used to establish the cut-points for CIRA risk categories.

In a second step, CIRA risk categories in the validation
sample were used as an independent variable in the infer-
ential analyses. Vulnerability according to national recom-
mendations (FOPH) and clinical evaluation (DPHGUH)
were considered as dependent variables to test the concur-
rent validity of CIRA.

Although the purpose of CIRA was to provide an absolute
risk increase in mortality rate after infection from
COVID-19, CIRA could not be validated using this out-
come since at the time the instrument was developed no
detained person had died because of this disease and very
few had been infected.

Sample size calculation
To detect a sensitivity or specificity of 95% with signifi-
cance level of 5% and precision of 3%, 103 participants
were required [22]. This number was set as the minimum
sample size in the validation sample. However, this thresh-
old was exceeded (n = 192) owing to the sampling proce-
dure (matching 1:3 subject for severe course of disease), in
order to increase statistical power and confidence in the re-
sults.

Development of the CIRA
In the development sample, we first computed the preva-
lence rate of risk factors with 95% confidence intervals
(CIs). We also calculated correlations between risk factors

(phi-coefficient) and their significance. Then, we applied
the CIRA algorithm to derive CIRA scores. We sum-
marised the distribution of scores based on kernel density
estimation and percentiles, which served to derive CIRA
risk categories. By last, the proportions of persons in each
risk category with 95% CI was presented.

Validation of the CIRA
In the validation sample, we tested whether the CIRA was
valid (criterion validity) by comparing its risk categories to
(1) the national recommendations of the FOPH (see sec-
tion on “Vulnerability according to national recommen-
dations” above) and (2) the clinical evaluation of med-
ical staff of the DPHGUH (see “Vulnerability according to
clinical evaluation”). For the clinical evaluation, we first
used “vulnerable” versus “non-vulnerable” detained per-
sons (to test the discriminative ability of CIRA “elevat-
ed risk” category) and then the highest risk category ("ex-
tremely vulnerable") versus other risk categories (to test
the discriminative ability of CIRA "high risk" category).
We used area under the curve (AUC) and defined the best
threshold categories based on the Youden J statistic that
maximised sensitivity and specificity. Analyses were con-
ducted in Stata 15.0.

Results

Development of the CIRA
In the development sample, regarding the prevalence rate
of risk factors for COVID-19 mortality, 10.7% (95% CI
7.9–14.3%, n = 39) of the subjects were age 60 or older.
The most prevalent medical condition was hypertension
(11.8%, 95% CI 8.8–15.5%, n = 43), followed by cardio-
vascular disease (5.5%, 95% CI 3.6–8.4%, n = 20), di-
abetes and chronic respiratory disease (both 3.8%, 95%
CI 2.3–6.4%, n = 14), and immunodeficiency (3.0%, 95%
CI1.7–5.4%, n = 11). Cancer was less common (0.5%, 95%
CI 0.1–2.2, n = 2). The correlations between risk factors
are presented in table 1. Age ≥60 was significantly corre-
lated with hypertension (r = 0 .29, p <0.001) and cardio-
vascular disease (r = 0.23, p <0.001). Cardiovascular dis-
ease was also significantly correlated with hypertension (r
= 0.36, p <0.001) and diabetes (r = 0.20, p <0.001). In ad-
dition, hypertension was correlated with diabetes (r = 0.15,
p = 0.005).

Figure 1 presents the distribution of CIRA scores. The dis-
tribution was skewed to the right. Although the mean was

Table 1: Correlation between risk factors.

Risk factor 1 2 3 4 5 6

1. Age 60+ –

2. Cardiovascular 0.23
(<0.001)

–

3. Diabetes 0.02
(0.658)

0.20
(<0.001)

–

4. Hypertension 0.29
(<0.001)

0.36
(<0.001)

0.15
(0.005)

–

5. Respiratory –0.02
(0.663)

–0.05
(0.360)

0.03
(0.513)

–0.03
(0.584)

–

6. Immunodeficiency 0.04
(0.415)

0.03
(0.594)

–0.04
(0.503)

0.04
(0.505)

–0.04
(0.503)

–

7. Cancer –0.03
(0.625)

–0.02
(0.734)

–0.01
(0.778)

–0.03
(0.606)

–0.01
(0.778)

–0.01
(0.803)

Pearson correlations (phi-coefficient), p-values in parentheses, N = 365.
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2.2 (95% CI 1.7–2.6), scores ranged from 0.0 to 24.7. Per-
centiles 66, 75 and 90 corresponded to the scores 0.0, 4.1
and 5.7, respectively.

Based on the distribution of CIRA scores and national rec-
ommendations (every person with one risk factor had to
be considered at risk), we proposed a three-level classifica-
tion of risk: average risk (<3.7), elevated risk (3.7–5.7) and
high risk (>5.7; see table 2 for a complete description of
CIRA risk factor scores and risk categories). Most detained
persons had a score of 0.0 (72.6%, 95% CI 67.8–77.0%,
n = 265) because they had no risk factor and were clas-
sified as “average risk”. Another group (17.5%, 95% CI
14.0–21.8%, n = 64) had scores between 3.7 and 8.8 and
were classified as “elevated risk”. A smaller group (9.9%,
95% CI 7.2–13.4%, n = 36) had higher scores, spanning
8.9 to 24.7, and were classified as “high risk”.

Validation of the CIRA
In the validation sample, based on the national recommen-
dations, 21.4% (n = 41) of the persons were considered
vulnerable for COVID-19 mortality. CIRA risk categories
had a high capacity in discriminating vulnerable individ-
uals (AUC = 0.99; 95% CI 0.98–1]). The category “ele-
vated risk” maximised sensitivity (100%) and specificity
(97.4%, J = 0.97). CIRA classification identified all indi-
viduals considered vulnerable by the national recommen-
dations plus 4 (2.1%), due to the lower age threshold used
by the tool.

CIRA had even higher capacity in discriminating vulnera-
ble individuals according to clinical evaluation (AUC = 1;

Figure 1: Distribution of CIRA scores in the development sample
(n = 365). Kernel density with adaptive estimator.

95% CI 1–1). The category “elevated risk” maximised sen-
sitivity and specificity (both 100%, J = 1). CIRA identified
the same individuals as being vulnerable for COVID-19
mortality as the medical staff (n = 45). For the individuals
classified as extremely high risk by medical staff (n = 9),
the category “high risk” had a high discriminatory capacity
(AUC = 0.97; 95% CI 0.95–1, J = 0.86, sensitivity = 0.89,
specificity = 0.97).

Discussion

Main results
Responding to the challenges that SARS-CoV-2 poses for
people in prison and the government’s responsibility in
protecting them from being infected, we developed a
screening tool (CIRA) to identify detained people at in-
creased risk for COVID-19 mortality. This article presents
the development of the CIRA and its validation. In accor-
dance with our research hypotheses, the CIRA was useful
in separating detained persons according to their vulnera-
bility to COVID-19 and appeared to be a valid assessment
method.

Based on CIRA scores in the development sample, 72.6%
of detained people were classified as “average risk”, 17.5%
as “elevated risk”, and 9.9% as “high risk”. All detained
persons with one or more risk factors (27.4%) were classi-
fied as elevated risk. Cardiovascular disease is the only risk
factors that directly classifies people as high risk. This is
justified since, besides having been identified as the most
severe risk factor for COVID-19 mortality [15], cardiovas-
cular disease is the leading cause of death worldwide [23].
However, the high risk category represents mostly indi-
viduals with comorbidities. Although this category consti-
tutes a small proportion of the sample (9.9%), it is relevant
because comorbidity is generally associated with worse
health outcomes, more complex clinical management and
increased health care costs [24, 25], thus being useful to
identify more vulnerable cases.

Criterion validity analyses indicated that CIRA risk cate-
gories have a high discriminative ability. The CIRA cate-
gory “elevated risk” identified all individuals considered as
vulnerable by the national recommendations of the FOPH
[9] which suggests that persons with any of the seven risk
factors (see the section “Variables” above) are at increased
risk for severe course of COVID-19. Furthermore, this cat-
egory identified the same individuals as being vulnera-
ble as the clinical evaluations of the medical staff of the
DPHGUH. The CIRA category “high risk” most correct-

Table 2: CIRA risk factors, scores, and risk categories.

No. Risk factor Coding Score
(if risk factor is present)

1 Age 0 = <60, 1 = 60+ 5.4

2 Cardiovascular disease 0 = absent, 1 = present 8.9

3 Diabetes 0 = absent, 1 = present 5.7

4 Hypertension 0 = absent, 1 = present 4.7

5 Chronic respiratory disease 0 = absent, 1 = present 4.4

6 Immunodeficiency 0 = absent, 1 = present 4.1

7 Cancer 0 = absent, 1 = present 3.7

CIRA score (sum of scores):

Risk category: Average (<3.7) / Elevated (3.7–5.7) / High (>5.7)

CIRA = COVID-19 Inmate Risk Appraisal Scores represent the increased mortality compared to the group without the risk factor.
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ly classified high risk persons. Overall, the results indicate
that CIRA is a valid tool.

Although other COVID-19 risk assessment tools exist,
most are focused on symptom detection, patient tracking,
or planning mass gatherings and events [26]. Those fo-
cused on indicators of COVID-19 vulnerability (e.g., Ob-
jective Risk Stratification) [27] were not developed among
prison populations and therefore their cut-scores are not
adapted to detained persons. Arguably, mortality risk after
COVID-19 infection is higher among detained persons
than in the community due to their poorer health status in
general.

In addition, the development of the CIRA gave an accurate
overview of the prevalence rate of risk factors for
COVID-19 mortality in the development sample, which
was composed of the whole population of the Pöschwies
prison. More than one in four detained persons had a risk
factor for COVID-19 and the most prevalent underlying
medical condition was hypertension (11.8%). Other recent
studies on COVID-19 have shown that hypertension was
the most prevalent comorbidity in prisoner samples, and
that detained persons tend to have more severe outcomes
after infection, including a higher rate of admission, longer
length of stay and death in intensive care units [28, 29].
As such, hypertension may play a particular role in
COVID-19 course of disease among detained persons.

Age ≥60 was also a prevalent risk factor (10.7%). Elderly
persons are the fastest-growing segment of the incarcerated
population and experience an early onset of aging-related
health conditions when compared with the general pop-
ulation [30, 31]. Furthermore, the death rate among
COVID-19 cases is known to grow exponentially as age
increases [8, 15]. Therefore, older people may require par-
ticular attention from prison staff.

Implications
Because CIRA quantifies prisoners’ risk and classifies
them in risk categories, based on the severity of risk factors
and their comorbidity, the tool may assist prison managers
prioritising cases and making intervention plans. Concrete-
ly, CIRA may serve to identify detained persons that
should be tested (elevated-risk persons) or separated from
the general prison population (high-risk persons). In con-
formity, high-risk detained persons could be subjected to
more intense protective measures than persons with an el-
evated or moderated risk. For instance, for high-risk per-
sons, measures such as allocation in a cell with other pris-
oners, walks with large groups and contact with
symptomatic visitors should be avoided. Furthermore, us-
ing a screening tool can save time and resources to prison
staff, reducing ambiguity in decision making at the same
time (higher reliability) [32]. An algorithm to calculate
scores and associated risk category is presented in table S2
(appendix 1).

Limitations and future directions
The present study has several limitations. First, knowledge
on risk factors for COVID-19 mortality is still limited and,
therefore, important variables may not have been includ-
ed in the guidelines of national and international organi-
sations. Furthermore, after we had written the paper, the
FOPH excluded immunodeficiency and included obesity

in their list of risk factors for COVID-19 mortality. In ad-
dition, the CIRA scores assigned to risk factors relied on
data from China. The WHO and the FOPH used the same
data to provide recommendations regarding risk factors for
severe COVID-19, and similar findings have been report-
ed in other regions [16–18]. However, the applicability of
the data to other countries is still uncertain. Therefore, the
variables and scores used in CIRA should be considered
preliminary and will need to be adjusted in the future [33].

Furthermore, although the correlations between risk fac-
tors in the present study were mostly weak, the mortality
rates could be different when taking comorbidity between
diseases into account. The mortality rates used in CIRA
were extracted from a descriptive study [15], not a mul-
tivariable regression model, and therefore did not control
for the covariance between variables. Another limitation is
related to the fact that incarcerated persons are more like-
ly to have unknown or poorly controlled chronic illnesses
[5, 7]. The CIRA would classify these detained persons as
having a low risk of severe COVID-19. Therefore, CIRA
scores cannot be interpreted as mortality risk estimates, but
rather as an indication of higher or lower vulnerability to
COVID-19 among detained persons.

In addition, although vulnerability according to national
recommendations and clinical evaluation were used for the
validation of CIRA, these outcomes cannot be considered
“gold standards” in terms of psychometric properties, be-
cause their validity and reliability are unknown. Finally,
the empirical evidence for the cut-score of the high risk
category is limited because of the small sample size (n = 9)
in the highest clinical risk category. Nevertheless, a post-
hoc power analysis revealed that, with the observed effect
size (AUC = 0.97), the available sample provided a 100%
power (one-tail) for the AUC analyses.

Underlying data will have to be updated regularly, since
knowledge and policies regarding COVID-19 are changing
rapidly in response to current developments and new find-
ings. A website was created for this purpose (see
www.prison-research.com) [34] and the algorithm to com-
pute CIRA scores and associated risk categories will be
updated according to new scientific evidence. In order to
improve CIRA, further research on risk factors for
COVID-19 and their relative risk, combining data from
different countries and over a longer period is necessary.
Besides, we believe that the CIRA can be used in custodial
settings to help practitioners protecting detained persons
from COVID-19.
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Appendix 1 Supplementary tables

Table S1: Criteria for COVID-19 Vulnerability and Risk Classification used by the Penitentiary Medicine Service of the Geneva University Hospitals (on 15 March 2020).

Risk classification Criteria n

Extremely high – Chronic pulmonary disease / pulmonary fibrosis
– Age >60 and at least on vulnerability factor*

– Human immunodeficiency virus with CD4 count <200 cell/mm3

9

Very high – Asthma
– Diabetes
– Heart disease
– Stage 4 renal failure
– Human immunodeficiency virus with CD4 count 200–500 cell/mm3

22

High – Age >60 without comorbidity
– Human immunodeficiency virus with CD4 count >500 cell/mm3

6

Moderate – Hypertension 8

Clinical risk classification applied in the validation sample (n = 192). * Cancer, immunodeficiency, chronic respiratory disease, diabetes, cardiovascular disease, and hypertension.

Table S2: Display of the algorithm to compute CIRA scores and risk categories.

COVID-19 Inmate Risk Appraisal (CIRA)

Please select the appropriate category in “Coding”.

Risk factor Coding Score

Age <60 0

Cardiovascular disease No 0

Diabetes No 0

Hypertension No 0

Chronic respiratory disease No 0

Immunodeficiency No 0

Cancer No 0

CIRA score 0

Risk AVERAGE
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