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Clinical predictors of late SARS-CoV-2 positivity in Italian

internal medicine wards

1 | INTRODUCTION

SARS-CoV-2 represents a “Pandora’s box” highlighting
critical issues for in-hospital management of infectious
patients. Over the past fifty years, the organization of hos-
pital departments in Western countries has been driven
by the need to face off noncommunicable diseases, in ac-
cordance with epidemiological data. Transmission-based
precautions have been instead limited to dedicated de-
partments. During the last year, strong efforts have been
then required to improve infection prevention strategies,
a process involving countless aspects of patient manage-
ment. In forerunners countries (e.g., Italy), a first step
was to identify different in-hospital paths for positive and
nonpositive patients.’ Due to the air contagiousness of
disease, the identification and segregation of SARS-CoV-
2-positive patients from negative ones represented a criti-
cal step. As weeks went by, it became evident that the case
definition of SARS-CoV-2 infection was not straightfor-
ward. Clinical features of SARS-CoV-2 infection (different
from those observed in previous SARS and MERS pan-
demics),’ patients overcrowding and pitfalls in molecular
diagnosis* contributed together to overwhelm the tradi-
tional pre-SARS-CoV-2 hospital organization. Clinicians
had to lower the threshold of suspicion for deciding who
needed to be tested/isolated and how to do that.” When
possible, separate pavilions were committed to SARS-CoV-
2-positive patients and somewhere for those presenting
with high clinical suspicion of disease patients but test-
ing negative for SARS-CoV-2 infection. Our Institution-
IRCCS Policlinico San Martino-in Genoa (Italy) early
approached such categorization of patients, being aware
of the dramatic impact that an intrahospital spread would
have. Even hospital facilities were then reorganised to
segregate positive/suspicious patients to prevent the dis-
semination of the infection among SARS-CoV-2-negative
patients. By focussing on this critical point, we here ret-
rospectively analyzed cases of late SARS-CoV-2 positivity
occurring within internal medicine wards, formally not

SARS-CoV-2-dedicated. Clinical and management vari-
ables were investigated, aiming at identifying potential
predictors of late SARS-CoV-2 positivity and their impact
on patient outcome.®’ Alongside, potential value of com-
mon laboratory test at hospital admission was explored.

2 | METHODS

2.1 | Patient enrolment and assessment

This is a retrospective analysis of patients admitted to
internal medicine wards not dedicated to SARS-CoV-2
between 24 February 2020 and 24 May 2020 at IRCCS
Ospedale Policlinico San Martino in Genoa (Italy). The
screened population was composed of 690 patients ad-
mitted during the enrolment period. Only those admitted
from the ED and tested with at least one nasal-pharyngeal
swab for SARS-CoV-2 were included in the analysis
(n = 668). Then, we excluded patients with positive for
SARS-CoV-2 infection at ED reaching a final cohort of
n = 478 (Figure S1). Clinical and biochemical data per-
formed at ED admission have been collected from hospital
records, including the provenance of patients (home, nurs-
ing home), any history of contact with SARS-CoV-2 cases
and common symptoms of SARS-CoV-2 infection (i.e.,
fever, cough, dyspnoea, asthenia, anosmia, dysgeusia and
diarrhoea). Comorbidities were then stratified according
to the Charlson Comorbidity Index. Routinely, biochemi-
cal profile performed at ED admission and later during
internal medicine ward hospitalization-including arterial
blood gas analysis (BGA) and inflammatory biomarkers
(i.e., fibrinogen, lactate dehydrogenase [LDH], ferritin
and C-reactive protein [CRP])-was retrieved from hospital
records performed at ED admission-and later during in-
ternal medicine ward hospitalization-was retrieved from
hospital records and included arterial blood gas analysis
(BGA) and inflammatory biomarkers (i.e., fibrinogen, lac-
tate dehydrogenase [LDH], ferritin and C-reactive protein
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[CRP]). SARS-CoV-2 positivity of nasal-pharyngeal swabs
were performed by routine real-time polymerase chain
reaction. The present study was approved by the local
ethics board of IRCCS Ospedale Policlinico San Martino
(200/2020-DB id 10515). The study was carried out in ac-
cordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments in-
volving humans and adhered to the principles of the trans-
parent reporting of a multivariable prediction model for
individual prognosis or diagnosis (TRIPOD), the TRIPOD
statement.

2.2 | Study endpoints adjudication and
sample size calculation

Cases of late positivity were defined as patients testing
positive for SARS-CoV-2 in internal medicine wards, not
SARS-CoV-2-dedicated, after a previous negative molecu-
lar test performed in the ED (nasopharyngeal swab). The
aim of the study was then to identify whether ED length of
stay may have a role as predictor of late positivity to SARS-
CoV-2 infection independently of other clinical variables,
as emerging in literature.”® They were selected among
those significantly different at descriptive analyses: con-
tact with suspected cases, fever and dyspnoea. Alongside,
the same criteria were used to identify potential biochemi-
cal biomarkers: pCO2, fibrinogen, LDH, ferritin and CRP.

Sample size was calculated according to latest guid-
ance for developing clinical prediction models.’ More spe-
cifically, by considering this study as a model with binary
outcome, our sample size (n = 478) satisfied the minimum
sample size required for (i) a 95% confidence interval for
the overall outcome proportion of 0.5 (n > 385); (ii) a mean
absolute precision error (MAPE) <0.05 (n > 252) and (iii)
an expected uniform shrinkage factor <10% (n > 340).
Furthermore, we have preset a proportion of overall vari-
ance explained (R%;) = 0.1.

2.3 | Statistical analysis

Analyses were performed with GraphPad Prism version
9.0.0 for Windows (GraphPad Software, San Diego, CA)
and R environment for statistical computing (URL http://
www. R- project. org/). Categorical data were presented
as absolute and relative frequencies, whereas continuous
ones as median and interquartile range [IQR] since the
normality assumption was not demonstrated. Unpaired
intergroup comparisons were drawn by Fisher's exact test
and Mann-Whitney U-test, as appropriate. Logistic regres-
sion analyses were then used to estimate the predictive role

toward a late nasal-pharyngeal swab positivity to SARS-
CoV-2 infection of clinical variables and biochemical pa-
rameters separately. Results were expressed as odds ratio
(OR) with 95% confidence interval (CI). Model calibra-
tion performances have been evaluated via the Hosmer-
Lemeshow goodness of fit test with 10 groups. Model
performance was assessed through receiver-operator
characteristic (ROC) curve analysis by reporting the area
under the curve, sensitivity, specificity and +/— likelihood
ratio. Predictive ability toward overall and SARS-CoV-2-
related mortality was tested through Cox hazard regres-
sion models presented as hazard ratio (HR) with 95% CI.
Survival rate was also estimated with Kaplan-Meier curve
and log-rank test. For all statistical analyses, a 2-sided
p-value <0.05 was considered as statistically significant.
Based on a minimum measurable difference of 1 day be-
tween the groups in our primary endpoint, a late positiv-
ity group >25 patients implies a statistical power >95%, as
calculated with the two-tailed Mann-Whitney U-test.

3 | RESULTS

3.1 | Longer stay in emergency
department is associated with late
positivity for SARS-CoV-2 infection

Clinical characteristics of the study cohort are reported in
Table S1. Patients were almost all Caucasian (99.0%), el-
derly (median age of 80 years [70-86]) and equally distrib-
uted across sexes (231 males, 48.3%). When study cohort
was categorised in persistent negative vs. late SARS-CoV-
2-positive, the latter group was associated with history
of previous contact with suspicious or ascertained cases
(24.5% vs. 5.8%, p = 0.003) and clinical presentation with
fever (65.0% vs. 25.6%, p < 0.001) and dyspnoea (62.5% vs.
25.3%, p < 0.001) at admission. Except for the history of
ischemic stroke and peptic ulcer disease (Table S2), the
impact of comorbidity burden-as assessed by Charlson
Comorbidity Index-on late SARS-CoV-2 positivity was
not significant. Conversely, even a slightly longer stay at
ED was significantly associated with late SARS-CoV-2
positivity (3 vs. 2 days, p = 0.012). Since patients with
late SARS-CoV-2 positivity were immediately transferred
to dedicated units, the median length of stay in internal
medicine wards, not SARS-CoV-2-dedicated, was lower in
this group of patients (7 days®** vs. 10 days,*” p < 0.001),
without significant differences in the overall hospitaliza-
tion time (Table S1).

At BGA, only pCO2 was slightly lower in late SARS-
CoV-2-positive patients (33 mmHg vs. 35 mmHg,
p = 0.040) (Table S3), whereas biochemical profile showed
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an inflamed status characterised by increased serum lev-
els of fibrinogen (p = 0.029), LDH (p = 0.038), ferritin
(p = 0.002) and CRP (p = 0.002).

3.2 | Longer stay at emergency
department predicts late SARS-
CoV-2 positivity

Out of 478 hospitalizations in internal medicine wards
not SARS-CoV-2-dedicated, a total of 40 patients pre-
sented late positivity (8.3%). Positivity generally oc-
curred within 14 days from in-ward admission (92.5%,
Figure 1A) and ED admission (75.0% Figure 1B). When
included in logistic regression model, fever (OR 5.406
[2.727-10.716]: p < 0.001), dyspnoea (OR 4.910 [2.499-
9.647]: p < 0.001) and ED hospitalization length (OR 3.091
[1.279-7.472]: p = 0.012) emerged as clinical predictors

WILEY-L2%7

of late SARS-CoV-2 positivity at nasal-pharyngeal swab
(Figure 1C). Combining those variables allowed to im-
prove the predictive performance-especially the sensi-
tivity—as emerging from ROC curve analysis (Figure S2).
We have then internally validated our results by perform-
ing a bootstrap resampling performance. Based on 1000
bootstrap replicates, we obtained the following estimate
of the ORs (average of the 1000 ORs from the 1000 boot-
strap samples) and related 95% CI. Noteworthy, the OR
estimated on the original dataset falls within the new
bootstrap confidence intervals (Figure S3). Conversely, no
inflammatory biomarkers showed an independent associ-
ation with late SARS-CoV-2 positivity (Table S4). Further
emphasising the predictive role of even a slightly longer
ED hospitalization, the Kaplan-Meier analysis showed
that risk of late SARS-CoV-2 substantially increased ac-
cording to quartiles of length of stay in ED (p-value for
log-rank test 0.044, Figure 1D).
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Overall mortality
Contact with case
Suspected (ref = no)
Yes (ref = no)

Fever (ref = no)

Dyspnoea (ref = no)

History of TIA/stroke (ref = no)
History of peptic ulcer disease (ref = no)

ED hospitalization length

TABLE 1 Univariate Cox regression

Univariate model including potential clinical
HR (95% CI) p-value predictors for in-hospital mortality
1.613 (0.949-2.741) 0.077

0.646 (0.206-2.027) 0.454

1.313(0.959-1.798) 0.090

1.258 (0.913-1.732) 0.160

1.323(0.882-1.985) 0.176

1.403 (0.520-3.785) 0.503

1.029 (1.005-1.054) 0.018

Note: Abbreviations: CI, Confidence interval; ED, Emergency department; HR, Hazard ratio; TIA,

Transitory ischemic attack.

3.3 | Longer stay at emergency
department predicts overall in-hospital
mortality during the first wave SARS-
CoV-2 pandemic

Patients discharge after hospitalization in internal medi-
cine wards formally not SARS-CoV-2-dedicated took place
mostly at home (60.88%), while frailer patients were trans-
ferred to nursing homes (5.8%) (Table S5). Among late
SARS-CoV-2-positive patients, 75.0% required hospitali-
zation in SARS-CoV-2-dedicated wards, whereas only 10%
was discharged at home. Overall, mortality rate during the
study period was 12.6% (n = 60), whereas only 2 late SARS-
CoV-2-positive patients died. Clinical variables associated
with late SARS-CoV-2 positivity were then included in a
Cox proportional regression model in which only ED hos-
pitalization length was confirmed as the only predictor
of overall in-hospital mortality (HR 1.029 [1.005-1.054];
p = 0.018]) (Table 1). When biochemical variables were
considered, both LDH (adjusted HR 5.219 [4.251-10.125];
p = 0.022) and ferritin (adjusted HR 1.747 [1.082-2.822];
p = 0.022) were confirmed as independent predictors of
overall in-hospital mortality (Table S6).

4 | DISCUSSION

The present study has been designed to address a chal-
lenging clinical problem emerged during the first wave
of SARS-CoV-2 pandemic. Alongside restrictive measures
instituted by the governments, hospitals had to reorganise
themselves—each in its own way-according to their char-
acteristics: location, pavilion architecture, epidemiology
and available medical staff among the others.'® Here, we
highlighted a critical role for length of ED stay as predic-
tor of late positivity within internal medicine wards not
SARS-CoV-2-dedicated. Although we considered a 14 days

window as suggested by the WHO, the median incubation
time for SARS-CoV-2 infection was six days long, in line
with reported in literature.'? Being the median ED hos-
pitalization length shorter (three days), both out-hospital
infection and in-hospital spreading of SARS-CoV-2 infec-
tion should be considered. Interestingly, the strongest
independent predictors were fever and dyspnoea, typical
presentation symptoms of SARS-CoV-2 infection. It would
be then conceivable to suppose that at least a part of posi-
tive patients were initially false negatives. This hypothesis
implies these cases to be more likely out-hospital rather
than in-hospital infections. However, Figure S4 clearly
indicates that late SARS-CoV-2-positive patients were
tested several times before positivity occurred (in median
4 times) and often with different type of tests. This obser-
vation supports the role of in-hospital infection. Being this
the only partially modifiable risk factor among those in-
cluded in the model, it represents a clinical challenge of
undoubted clinical relevance. This aspect has been widely
described even in the early phase of pandemic, when
positive patients attending small EDs in the North of Italy
spread the infection to working personnel, other patients
and relatives.!® SARS-CoV-2 infection, indeed, remained
unrecognised for several weeks in Italy-and Europe as
well-and no special measures were taken to reduce the
spread in the early phase of contagion. This accounts for a
large part of patients admitted to internal medicine wards
without any molecular screening test for SARS-CoV-2
infection (and then excluded from our analysis). Most of
them were admitted to ED before or in the early phase
of pandemic (December 2019-February 2020). The other
patients admitted without SARS-CoV-2 screening were
those considered negative because of clinical presentation.
Those behaviours have progressively changed as clini-
cal pitfalls in SARS-CoV-2 infection diagnosis have been
demonstrated. Furthermore, ED admittance of patients
with nondeferrable disease also resumed as the weeks
went by (March-April 2020), alongside with SARS-CoV-2
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patients with less severe—or even atypical-disease presen-
tation. Here, the need to identify and segregate patients at
high, intermediate and low risk of carrying SARS-CoV-2
dramatically emerged."”** Floor-to-ceiling partitions
were built to cordon off part of the main ED. Moreover,
risk of exposure for supposedly negative patients also had
to be guaranteed during transport towards radiology or
other facilities. As regional emergency hub, our institu-
tion then had to maintain an active surveillance of local
pandemic evolution dynamically reassessing workflow
processes not only in the ED but also in the whole hospi-
tal.'>!® As a result, late SARS-CoV-2 positivity occurred
in 8.3% of patients admitted in internal medicine wards
not SARS-CoV-2-dedicated. Noteworthy, ED length of
stay significantly impacts on overall in-hospital mortality.
Keep some internal medicine wards free of SARS-CoV-2
infection should indeed represent a key achievement for
preventing hospital collapse during SARS-CoV-2 pan-
demic. Maintaining patient outflow from ED, preserving
standard of care for patients and diseases not SARS-CoV-
2-related, reducing contagion risk after discharge: these
main benefits are worth keeping some internal medicine
wards free from SARS-CoV-2 infection. Some may argue
that over 1.5 years into the pandemic, those key aspects
have already been implemented. However, it should be
considered that the coming fall-winter season will be
likely the first where SARS-CoV-2 and seasonal influenza
viruses will coexist. Vaccination campaigns have indeed
significantly reduced the population at risk of SARS-
CoV-2 infection, but they also resulted in a softening of
containment measures. An upcoming stress for ED is then
expectable due to a paradoxical increased risk of conta-
gion and to the challenges in terms of differential diag-
nosis between SARS-CoV-2 and influenza viruses. Keep
surveillance on what concerns patient triage, segregation
and outflow will therefore represent challenges to be ad-
dressed with the lessons of pandemic. Furthermore, this
experience showed how inconsistent the pandemic plans
were worldwide. Any post-hoc analysis may then provide
a contribution for their redesigning/implementation, al-
though healthcare organization greatly differs at several
levels between countries — and even regions, cities and
hospitals within. This is a clinical study that shows a spe-
cial focus on ED length of stay. On the one hand, this as-
pect might hinder the reproducibility of the study results
in other countries especially considering potential differ-
ences in ED length of stay. Despite our attempt of inter-
nally validate our results, larger studies are warranted to
perform multivariable analyses and extensive predictive
modelling.

Another aspect that should be considered is the di-
agnostic performance of the combined nasal and throat
swab, which is characterised by high specificity but

limited sensitivity.'” As repeated testing significantly im-
proved diagnostic performance, this may represent a bias
that should be addressed in larger studies.

In conclusion, this retrospective analysis found that
the duration of stay at the ED before the admission to or-
dinary wards represents a potential risk factor for late in-
hospital positivity to SARS-CoV-2 diagnostic tests. Despite
the implementation of prevention protocols, the high vari-
ability in virus incubation time might determine a failure
of preventive measures. A dynamic reassessment of work-
flow processes throughout the hospital then represents a
critical step for preventing hospital collapse during SARS-
CoV-2 pandemic. Institution of quarantine sites within
each clinical ward (as done at IRCCS San Martino Hospital
in Genoa) might be more helpful to manage the risk of late
positivity. Finally, also laboratory variables (i.e., ferritin
and LDH) may help, with some limitations, in predicting
late SARS-CoV-2 positivity and mortality.

KEYWORDS

emergency department, ferritin, internal medicine, lactate
dehydrogenase, mortality, SARS-CoV-2
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