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Triaging patients in the outbreak of COVID-2019
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[Abstract] In the outbreak of COVID-19, triage procedures based on epidemiology were implemented in a local
hospital in Changsha to control the transmission of SARS-CoV-2 and avoid healthcare-associated infection. This re-
trospective study analyzed the data collected during the triage period and found that COVID-19 patients were en-
riched 7 folds into the Section A designated for patients with obvious epidemiological history. On the other side,
nearly triple amounts of visits were received at the Section B for patients without obvious epidemiological history. 8
COVID-19 cases were spotted out of 247 suspected patients. More than 50 % of the suspected patients were submi-
tted to multiple rounds of nucleic acid analysis for SARS-CoV-2 infection. Of the 239 patients who were diagnosed
as negative of the virus infection, 188 were successfully revisited and none was reported as COVID-19 case. Of the 8
COVID-19 patients, 3 were confirmed only after multiple rounds of nucleic acid analysis. Besides comorbidities,
delayed sharing of epidemiological history added complexity to the diagnosis in practice. The triaging experience and
strategy will be helpful for the control of infectious diseases in the future.
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INTRODUCTION

The epidemic of coronavirus diseases 2019 (CO-
VID-19) associated with the severe acute respirato-
ry coronavirus 2 (SARS-CoV-2) occurred and ra-
pidly spread in China and all over the world""*, Be-
sides SARS-CoV and MERS-CoV, SARS-CoV-2 is
the third coronavirus species from the genus Beta-
coronavirus that leads to major epidemics in 21st
century™. The common symptoms of COVID-19
patients at illness onset include fever, cough, ex-
pectoration, headache, myalgia or fatigue, diar-

rhoea and haemoptysist'">% .

Some of these symp-
toms resemble other diseases including flu, which
has high occurrence in winter.

To avoid the transmission of SARS-CoV-2 within
hospital, triage procedures for patients were imple-
mented in a local hospital in Changsha to facilitate
the rapid detection and quarantine of COVID-19
patients. Here we describe the clinical practice of
triaging patients in the epidemic of SARS-CoV-2,
along with the clinical and laboratory characteris-

tics of 8 COVID-19 cases identified from more than

240 suspected individuals with various symptoms
triaged to the section for patients without obvious

epidemiological history.

METHODS

Triage and patients

This single-centre, retrospective, observational
study was conducted in a hospital in Changsha,
China. Patients with fever, respiratory symptoms,
myalgia, fatigue, or other symptoms possibly re-
lated to SARS-CoV-2 infection were received at the
triage reception before being directed to the Section
A or B based on epidemiological characteristics’!.
Patients who met one of the following conditions
within 14 days before illness onset were sorted to
the Section A: (i) exposure to epidemic areas with
confirmed COVID-19 cases reported; (ii) exposure
to patients with similar symptoms from regions
mentioned in (i); (iii) exposure to known COVID-
19 patients; (iv) association with clustering occur-
rence (Figure 1A). Other patients were directed to
the Section B.

Besides symptoms, clinical and laboratory cha-
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racteristics suggestive for SARS-CoV-2 infection
are; (i) chest computed tomographic (CT) results
with pneumonia features; (ii) normal or reduced
leucocyte count or reduced lymphocyte count in

t2%97 At the Section A, patients ha-

early onse
ving mild symptoms without both (i) and (ii) were
recommended for home quarantine with prescrip-
tion. Others were quarantined to take oropharyn-
geal swab (if not specified otherwise) for SARS-
CoV-2 nucleic acid analysis by real-time reverse

( RT-
PCR). At the Section B, patients with suspected

transcription polymerase chain reaction
chest CT characteristics (i) were also quarantined
for nucleic acid analysis. Others were further eva-
luated by doctor based on symptoms (fever, respi-
ratory symptoms, myalgia/fatigue, etc. ), comor-
bidities, vital signs and blood routine characteris-
tics: patients with severe symptoms were quaran-
tined for treatment and nucleic acid analysis and
were transferred to relevant units for further treat-
ment when diagnosed as negative for SARS-CoV-2
infection; patients having mild symptoms without
(ii) were recommended for home quarantine with
prescription; the rest were submitted for nucleic
acid analysis and were recommended for home
quarantine with prescription if negative result of
SARS-CoV-2 was obtained (the second nucleic acid
test after 24 hours was recommended and per-
formed based on patient’ s availability) (Figure
1A). Self-quarantined patients were followed up by
phone visiting. Identified COVID-19 patients were
immediately transferred to designated hospitals for
quarantine and treatment. All medical personnel
working at both sections and the triage reception
were equipped with appropriate protections'".
Suspected patients submitted for nucleic acid analy-
sis at the Section B were enrolled in this study.
The ethics commission of the hospital approved this
study (No. 202003031). Written informed consent
was waived due to the rapid emergence of this in-
fectious disease.

Data collection

Blood routine, biochemical, radiological and mi-

crobiological data together with demographics, epi-

demiological characteristics, medical histories and
vital signs (body temperature, heart rate, respira-
tory rate, blood pressure, blood oxygen satura-
tion) of patients were collected from a local server.
If data were missing from the records or clarifica-
tion was needed, data were obtained by direct com-
munication with patients, attending doctors, or
other healthcare providers. All data were checked
by two physicians (W. Wang and G. Huang). Pa-
tients with negative results of RT-PCR for SARS-
CoV-2 infection were revisited by phone when ap-
plicable.
Laboratory test

Clinical specimens for SARS-CoV-2 diagnostic
test were obtained in accordance with clinical

[J " Oropharyngeal and nasopharyngeal

guidelines
swabs were collected with synthetic fiber swabs,
maintained in 2 — 3 mlL viral-transport medium and
stored between 2'C and 8 C until ready for test.
RNA was extracted following the manufacture in-
struction (SANSURE). Laboratory confirmation
of SARS-CoV-2 was performed using real-time RT-
PCR kit following the manufacture instruction
(SANSURE) on the ABI Q5 PCR machine. Analy-
sis for influenza A/B virus was performed using an-
tigen detection reagent (colloidal gold method).
were also per-

Routine bacterial examinations

formed.

RESULTS

In total, 1 125 patients (visiting number) were
received at the triage reception (January 28 — Feb-
ruary 20). Following the triage procedures, 305
visits were directed to the Section A, and 22 COV-
ID-19 cases (7.21%, 22/305) were confirmed. In
the first 10 days of triage, confirmed cases were
On the
other side, 820 visits were directed to the Section

B, and 8 cases (0. 98%, 8/820) were confirmed.

identified nearly every day (Figure 1B).

Seven of them were spotted in the first 10 days
(Figure 1B). The implemented triage procedures
effectively enriched COVID-19 patients into the

Section A and reduced the possibility of transmit-
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ting the virus to other patients and medical staff.
During the triaging period, the number of reported

COVID-19 patients in Changsha rapidly increased

A Epidemiology Patients, with fever,
pidemiology o
or myalgia/fatigue, etc.
Clustering

10 times (from 24 to 242) and reached plateau after
February 14 (Figure 1B).
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Figure 1 The triaging process in the local hospital

(A) The flowchart of triaging procedure. In total, 1 125 visits were triaged to the Section A (305 visits) and B (820 visits).

Suspected patients based on epidemiological history and CT/BR were analyzed for SARS-CoV-2 infection by real-time RT-

PCR. 22 and 8 COVID-19 patients were identified in the Section A and B, respectively. The inset represents the epidemiologi-

cal characteristics for triaging. See text for more details. BR: blood routine.

(B) The epidemic situation of COVID-19 in

Changsha. Confirmed and discharged cases of COVID-19 in Changsha are plotted in red and blue, respectively (left axis). The

triaging period (January 28 — February 20) is shaded. Cumulative visits to the Section A and B (right axis) are plotted in black

circle and triangle, respectively (days with COVID-19 patients confirmed are marked in red and green with the number of pa-

tients indicated).

Of the 820 visits in the Section B, 239 individual
patients were suspected, but laboratory evidence
did not support for SARS-CoV-2 infection. 51. 88 %
(124/239) of them conducted multiple rounds of
nucleic acid test. 188 of 223 patients with contact

information were successfully followed up by

phone visiting a few days after the last nucleic acid
test. None was reported as a COVID-19 case.
88.83% (167/188) of the patients were phone visi-
ted more than a week after their last nucleic acid
test (Figure 2). 6. 91% (13/188) of them were

double checked by additional medical institutions.
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Figure 2 Follow-up of 188 patients excluded for SARS-CoV-2
infection by the Section B

The number of patients visited by phone (bar, left axis) and the

average number of RT-PCR analysis per patient (black line, right

axis) is plotted against the time interval between the phone visiting

and the last RT-PCR analysis performed in the Section B. No patient

was found to be a COVID-19 case after the last diagnosis in the Sec-

tion B as negative for SARS-CoV-2 infection.

Of the 8 COVID-19 patients identified by the
Section B, five (cases 1 —5) were confirmed with
SARS-CoV-2 infection after one round of nucleic
acid analysis (Figure 3). Cases 1 and 2 had no ob-
vious epidemiological history. Cases 3, 4 and 5 (a
familial cluster) arrived at the Section B initially
without revealing both the contact history with
people from epidemic areas on a family event as
well as the common symptoms among themselves.
They were quarantined after the critical epidemio-
logical information was given to the doctor during
diagnostic inquiry and were soon confirmed to be
positive for SARS-CoV-2 infection (Figure 3).
Case 6 was evaluated as suspected COVID-19 case
after arriving at the Section B (according to the
chest CT images provided by another hospital) and
was quarantined for further diagnosis. Nucleic acid
analysis was performed on the first and the third
day during quarantine. The second analysis sup-
ported for the virus infection (Figure 3).

Case 7 was admitted into the hospital in quaran-
tine with cough, high fever and lymphopenia be-
fore the triaging period (Figure 3). The chest CT
progress with the ground-glass opacity was con-
sistent with the early imaging manifestation of viral
pneumonia. Multiple rounds of nucleic acid analy-

sis (at least 24 hours apart) before and after being

transferred to the Section B failed to detect SARS-
CoV-2 infection (Figure 3). The clinical features
of the patient aggravated. Subsequently, sputum
of the patient was induced by 3% hypertonic saline
nebulization and collected for RT-PCR analysis and
the virus infection was confirmed (Figure 3). Of
note, sputum-promoting operation was not rou-
tinely performed, as the effect of aerosol transmis-
sion of the virus indoor was of concern.

Before the epidemic alert, case 8 was admitted
into the gastroenterology department due to re-
tching for three weeks. During hospitalization, other
symptoms (shortness of breath, chest tightness),
which were concealed before by retching, were re-
vealed to the medical staff. He was diagnosed with
polyserous effusions, constrictive pericarditis and
pulmonary infection and was discharged because of
the alleviation of the above symptoms (Figure 3).
Before triage, he visited the emergency department
due to coughing. The numbers of leucocytes and
lymphocytes were in normal range (Table 1). The
first chest CT images showed bilateral pleural effu-
sion and pericardial effusion (Figure 4A). On Feb-
ruary 3, he was admitted to the intensive care unit
(ICU) due to severe coughing and dyspnea with
normal blood cell count, no recent suspicious epi-
demiological history, nor typical chest CT images
of viral infection (Figure 4B, Table 1). Four days
later, the chest CT images significantly changed
and indicated possible viral infection. He was di-
rected to the Section B (Figure 4C). However, re-
sults from double nucleic acid analyses did not sup-
port for SARS-CoV-2 infection (Figure 3). Mean-
while, the symptoms (e. g. dyspnoea, chest tight-
ness) were relieved with supportive treatments.
However, the patient’s condition aggravated soon
and he was sent into the emergency room. Since
the chest CT images still indicated possible viral
infection, multiple rounds of nucleic acid analysis
were performed and confirmed SARS-CoV-2 infec-
tion (Figures 3 and 4D). Both oropharyngeal and
nasopharyngeal swabs were collected for nucleic
acid analysis, but only the latter returned a posi-

tive result for SARS-CoV-2.
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Figure 3 Timeline of illness onset and medical experience of the 8 COVID-19 patients
Dates with possible exposure history to SARS-CoV-2 are marked in yellow and quarantine dates in pink. Real-time RT-PCR
positive or negative for SARS-CoV-2 infection is represented by red or white star, respectively. Influenza A/B virus was not

detected. The asterisks mark the dates of CT images recorded.

Table 1 Laboratory test results of COVID-19 case 8

Laboratory tests Jan 11 Jan 15 Jan 20 Jan 26 Feb 3 Feb 7 Feb 10  Feb 15  Feb 18
White blood cell count, (3.5-9.5) X10°/L 5.4 5.9 4.2 4.7 4.6 5.8 4.8 5.5 5.3
Hemoglobin, 115 =150 g/L 121.0 119.0 116. 0 122.0 127.0 131.0 137.0 134.0 136. 0
Platelet, (125-350) X 10?/L 268.0 210.0 137.0 179. 0 171.0 122y 109 ¥ 77 v 82 y
Neutrophil count, (1.8—=6.3) X10°/L 3.9 4.6 3.2 3.1 3.2 4.5 3.9 4.6 4.2
Neutrophil, 40% - 75% 70.8 78.44  75.94  67.2 70. 4 78.24  81.94  83.94  79.74
Lymphocyte count, (1.1-3.2) X10%/L 1.1 0.8y 0.6y 1.1 1.2 0.8y 0.5y 0.6y 0.6y
Lymphocyte, 20% —50% 199y 13.5y  13.34  23.6 25.3 139y 10.24 10 1.4y
Albumin, 40 -55 g/L 35.2y 32,4y 28.3 y 33.9y 29.5§ 28.9 Y 27.6 Y 28.6 Y 32.6y
Alanine aminotransferase, 7 — 40 U/L 395,94 532.84 368.74 137.84% 237.74% 163.94 227 4 147.5 4 88.2

Aspartate aminotransferase, 13 =35 U/L 426,34 487.64 331 4 81.14 412,74 225 4 452,44 225,34 102.74

Urea. 2.6~ 7.5 mmol/L 10,14 11.64 NA NA 1424 834 954 7.5 6.9
Creatinine, 41 =111 pmol/L 135.6 4 104.0 NA NA 110.3 99. 1 98. 0 88.2 83.7
Uric acid, 155 - 357 ]J.m()l/L 340.6 339.3 NA NA 393.94  313.1 259.9 126.9y 107.9y
Lactate dehydrogenase, 120 —250 U/L 510 4 455 4 359 4 310 4 506 4 NA 522 4 385.94  362.34
Creatine kinase, 40 —200 U/L 35.5y 40.0 46.6 86.7 40.2 NA 80. 8 135.5 64.8
Creatine kinase isoenzyme, <24 U/L 8.3 10.9 8.7 36.64 6.2 NA 13. 4 19.0 20. 6
Myoglobin, <70 pg/L 36.7 37.5 32.0 60. 4 53.5 NA 113.74  209.64 137.84

NA: not available. 4 ; above normal range. ¥ : below normal range.
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(January 26)

Day 1 after symptom onset

—

Figure 4 The course of chest CT images of case 8

(A) Images from January 26 show bilateral pleural effusion and pericardial effusion. (B) Images from February 3 show bi-
lateral pleural effusion and pericardial effusion with a small area of ground-glass opacity in the left upper lung. (C) Images
from February 7 show increased ground-glass opacity of the left upper lung with bilateral pleural effusion. A small area of new
ground-glass opacity appeared in the right lung. (D) Images from February 11 show the further enlarged ground-glass opacity
of the left upper lung. New ground-glass opacity is visible in the rest areas of lungs. The left pleural effusion decreased, and

the right pleural effusion increased.

in a local hospital of Changsha during the COVID-

DISCUSSION 19 outbreak. The triage procedures lasted for 24
days covering the rapid spreading phase of SARS-

Our retrospective study describes the clinical CoV-2 in the city. Comparing to the situation of

practice of triaging patients based on epidemiology the Section B, patients with the virus infection
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were concentrated 7 folds into the Section A,
which was designated for rapid screening and qua-
rantine. The first 10 days were shown to be critical
in reducing the chance of spreading SARS-CoV-2.
More than 85% of COVID-19 patients were identi-
fied during this period.

Rapid identification and isolation of COVID-19
patients was key to control healthcare-associated
infection, yet the pressure on Section B was still
high. During the 24 days of triage, roughly triple
amounts of visits were received at the Section B as
compared to the Section A. 247 individuals were
suspected and received careful examination. More
than 50% of them performed multiple rounds of
nucleic acid test at least 24 hours apart for signs of
SARS-CoV-2. 8 COVID-19 cases

were confirmed. Revisiting the patients diagnosed

Eventually,

as negative for SARS-CoV-2 infection did not re-
veal that any COVID-19 patient was missed. Be-
sides different course and severity of illness, de-
layed sharing of epidemiological history adds an-
other layer of complexity to the diagnosis, under-
lining thorough diagnostic inquiry.

Most COVID-19 patients were identified as posi-
tive with one or two rounds of nucleic acid analysis
in our study. Two cases (cases 7 and 8) seemed to
be more complicated than usual. Case 7 arrived at
the Section B with two negative nucleic acid re-
ports already. The course of chest CT images.,
haematological features as well as previous expe-
rience from epidemic area prompted three more
rounds of nucleic acid analysis and finally con-
firmed the SARS-CoV-2 infection using the lower
respiratory tract specimen. Case 8 had been en-
rolled into the hospital multiple times starting be-
fore the epidemic was alerted. Though being tho-
roughly examined, his comorbidities, no obvious
recent epidemic history as well as the initial two
negative results of nucleic acid analysis interfered
the diagnosis. Accordingly, he was not in quaran-
tine for treatment for roughly 6 days in the triage
period. We only learned during the retrospective
study that more than 200 people had returned to

his town from epidemic areas. Although this piece

of information could not serve as concrete evidence
for anything, it would have promoted the doctor to
have second thoughts when looking at his case.
After being finally confirmed as a COVID-19 case,
overlapping patients along his track in the gastro-
enterology department and in the ICU were revisi-
ted. More than 10 patients regarded as close con-
tacts in the emergency department were quaran-
tined for observation and diagnosis. Relevant med-
ical staff was submitted to CT/nucleic acid analy-
sis. No one was found to be infected by SARS-
CoV-2. Several additional measures were believed
to contribute to this outcome: all patients were
persuaded to actively wear masks during treatment
in hospital area; disinfection of the hospital envi-
ronment and medical staff was implemented at
least twice more frequently than usual during this
period.

The globalization of economy has facilitated the
transmission of infectious diseases. Our retrospec-
tive study of the triaging practice together with the
diagnostic and clinical course of 8 COVID-19 pa-
tients from 247 suspects will be helpful to other
colleagues in controlling the transmission of infec-

tious diseases in the future.
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