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Summary
Background The outbreak of COVID-19 has led to international concern. We aimed to establish an effective 
screening strategy in Shanghai, China, to aid early identification of patients with COVID-19.

Methods We did a multicentre, observational cohort study in fever clinics of 25 hospitals in 16 districts of Shanghai. 
All patients visiting the clinics within the study period were included. A strategy for COVID-19 screening was 
presented and then suspected cases were monitored and analysed until they were confirmed as cases or excluded. 
Logistic regression was used to determine the risk factors of COVID-19.

Findings We enrolled patients visiting fever clinics from Jan 17 to Feb 16, 2020. Among 53 617 patients visiting fever 
clinics, 1004 (1·9%) were considered as suspected cases, with 188 (0·4% of all patients, 18·7% of suspected cases) 
eventually diagnosed as confirmed cases. 154 patients with missing data were excluded from the analysis. Exposure 
history (odds ratio [OR] 4·16, 95% CI 2·74–6·33; p<0·0001), fatigue (OR 1·56, 1·01–2·41; p=0·043), white blood cell 
count less than 4 × 10⁹ per L (OR 2·44, 1·28–4·64; p=0·0066), lymphocyte count less than 0·8 × 10⁹ per L (OR 1·82, 
1·00–3·31; p=0·049), ground glass opacity (OR 1·95, 1·32–2·89; p=0·0009), and having both lungs affected (OR 1·54, 
1·04–2·28; p=0·032) were independent risk factors for confirmed COVID-19.

Interpretation The screening strategy was effective for confirming or excluding COVID-19 during the spread of this 
contagious disease. Relevant independent risk factors identified in this study might be helpful for early recognition of 
the disease.

Funding National Natural Science Foundation of China.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
COVID-19, caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is an international concern 
and the disease has spread globally.1–4 As of late April, 
2020, the outbreak in China appears to be alleviated each 
day, but it is worsening in other countries with growing 
numbers of cases reported daily.5 With increasing evidence 
of human-to-human trans mission, the virus is considered 
to be highly contagious.6–8 Up until May 5, 2020, more 
than 3·5 million cases had been confirmed globally. The 
present diagnostic criteria for confirmed COVID-19 are 
dependent on the RT-PCR assay.9,10 A short supply of assay 
kits and inevitable low coverage of tests are delaying 
diagnosis of numerous suspected cases. An improvement 
in early diagnosis of the disease is urgently needed.11,12 
Inevitable international  travel has increased spread of the 
pandemic globally.12 

Fever clinics were set up during the SARS outbreaks 
in 2003.13 Fever clinics are an epidemic control system 
with strict isolation facilities used in China.14 Although 
Shanghai has a large number of permanent residents 

and a substantial floating population of non-permanent 
residents, it only reported 516 con firmed patients with 
COVID-19 up until March 31, 2020, owing to the medical 
procedures done in fever clinics. These numbers are 
considered to show success in controlling the disease.

The main aim of this study was to ascertain the 
effectiveness of the screening strategy and provide 
meaningful insight for early diagnosis of COVID-19. The 
proportion of confirmed and suspected cases of COVID-19 
among patients in the fever clinics of assigned hospitals 
was calculated. The features of confirmed COVID-19 
cases and excluded cases in the suspected cases group 
generated from the screening strategy were compared. 
Factors obtained from the analysis for early recognition of 
the contagious disease were identified. 

Methods
Study design and participants
For this multicentre, retrospective, observational cohort 
study, all patients visiting the fever clinics of 25 designated 
hospitals were analysed. Patients with fever (body 
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temperature >37·5°C), or patients with pulmonary 
symptoms and epidemiological exposure history 
(appendix p 4) were requested to visit the fever clinics. All 
patients visiting the fever clinics during the study period 
were included. To make the study representative for 
Shanghai, at least one hospital in each district of all the 
16 districts in Shanghai was selected. The observational 
period was set from Jan 17, 2020, when the first confirmed 
case was reported in Shanghai, to Feb 16, 2020, with a 
month-long study period.

The patients with suspected and confirmed COVID-19 
were diagnosed according to the updated versions of the 
guidelines for the diagnosis and treatment of the disease 
issued by the National Health Commission of China.15 An 
excluded case refers to the individuals with suspected 
COVID-19 who were eventually excluded based on 
negative RT-PCR tests. Details of the definitions of 
fever clinic patients for both suspected and confirmed 
patients are shown in the appendix (pp 4–5). The 
study was approved by the Research Ethics Committee of 
Shanghai Pulmonary Hospital and participating 
hospitals. The need for written informed consent was 
waived by the Ethics Commission of the designated 
hospitals for this emerging public health issue.

Procedures
The fever clinics of the assigned hospitals in each 
district were responsible for the first line of defence 

against COVID-19 as the first place to receive the patients. 
The physician in the fever clinic gave an initial 
differential diagnosis of the patient based on the 
medical history (eg, main complaints), epidemiological 
exposure history, comorbidities, clinical features (eg, 
symptoms and signs), and essential examinations (eg, 
peripheral blood routine tests, blood influenza tests, 
and chest x-rays), as well as optional tests that the 
physician deemed necessary (eg, blood biochemical 
indexes, chest CT scans). After consideration by the 
physician, if a patient could not be ruled out for 
possible COVID-19, three experts in the hospital 
(or experts in the same district) were invited to 
reconsider the diagnosis of the patient. If two or more 
experts considered that a diagnosis of COVID-19 could 
not be ruled out, the diagnosis of a suspected case was 
made. Initially, a suspected patient’s diagnosis was 
made based on the guidelines.15 Briefly, the patient 
should have exposure history and any two of the 
following clinical features; or three clinical features if 
there is no clear exposure history: (1) fever with or 
without pulmonary symptoms; (2) normal or reduced 
peripheral white blood cell count, or reduced 
lymphocyte count; or (3) chest imaging features of 
pneumonia. All initially suspected cases then received 
SARS-CoV-2 nucleic acid testing. A throat swab or 
respiratory or blood samples were collected and sent 
for RT-PCR to confirm infection with SARS-CoV-2. 

Research in context

Evidence before this study
The ongoing outbreak of COVID-19 has led to increasing 
international concern and global spread. We searched 
PubMed for articles published between database inception 
and April 1, 2020, using the terms “COVID-19”, “SARS-CoV-2”, 
and “2019-nCoV”, with no language restrictions. We found 
2076 relevant online publications. The studies reported the 
characteristics and outcomes of patients with confirmed 
COVID-19, information that helps us to understand the 
disease. However, the early recognition of COVID-19 in 
suspected cases could be the most important step for 
epidemic control in cities globally. Furthermore, the 
epidemiology and the early clinical findings of patients in 
Shanghai, a city with numerous imported cases, might be 
different from those reported previously and might be more 
instructive to other countries. Thus, a multicentre cohort 
study was done in which all patients visiting fever clinics of 
25 assigned hospitals distributed in the 16 districts of 
Shanghai over a 1-month period were monitored. The clinical 
data were analysed and reported through this feasible 
screening strategy for patients with COVID-19.

Added value of this study
We present and evaluate a screening strategy for suspected 
COVID-19. Among 53 617 patients enrolled in this study, only 

1·9% of patients were initially considered as suspected cases. 
Subsequently, 0·4% of all patients and 18·7% of suspected 
cases were diagnosed as confirmed cases. Although a very 
small portion of the screened population were eventually 
diagnosed with confirmed COVID-19, the strategy 
contributed to the control of the epidemic in a large and 
crowded city. Moreover, the comparisons of early clinical 
findings between confirmed COVID-19 and the excluded cases 
provided us with the key factors of early identification of 
COVID-19 from the suspected cases, to which other studies 
have not referred.

Implications of all the available evidence
As of May 5, 2020, the transmission of COVID-19 is far from 
under control globally. We have defined the clinical features of 
the disease; what we need to do next is pay more attention to 
early identification of the disease to control its spread. The 
screening strategy for COVID-19 in Shanghai has been effective 
in preventing the spread and helpful in the early identification 
of the disease. The independent risk factors found in this study 
could have benefits worldwide. More practices or policies 
based on these results should be made in the process of 
epidemic control.
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Patients with at least one positive RT-PCR test for 
SARS-CoV-2 were defined as confirmed cases and 
were uniformly hospitalised in the Shanghai Public 
Health Clinical Center. The suspected patients whose 
first nucleic acid test was negative had one repeat RT-
PCR test routinely. If a patient had two negative RT-PCR 
tests but was still a clinically suspected case, RT-PCR 
was repeated for up to 3–4 times until their final 
diagnoses were confirmed (figure 1). During the period 
of isolation, meticulous medical histories, body checks, 
and medical examinations of all patients were 
undertaken.

A standardised data collection spreadsheet was 
designed to obtain patient data from electronic medical 
records. Two attending physicians in every centre 
independently reviewed the data collection forms to 
check the data validity. Epidemiological data, demo-
graphics (age, sex, body-mass index, occupation), 
symptom onset (eg, respiratory, gastrointestinal, 
neurological), comorbidities, laboratory results (eg, blood 
cell count, hepatic function, arterial blood gas), chest 
radiological findings (eg, ground-glass opacity, affected 
lobes), and the virus detection results were obtained for 
analysis.

Outcomes
The proportion of patients who had confirmed or 
suspected COVID-19 in the fever clinics in 25 hospitals of 
all 16 districts of Shanghai was evaluated. The efficiency 
of the screening strategy for COVID-19 disease was 
reported. Comparisons were made between excluded 
patients and confirmed cases, and the early prognostic 
indicators associated with the diagnosis of COVID-19 
were deter mined to facilitate the quick conversion of the 
diagnosis of patients with suspected disease to confirmed 
cases. Factors related to the early recognition of confirmed 
cases from the suspected cases were determined.

Statistical analysis
In the univariate analysis, the Kolmogorov-Smirnov test 
was used to analyse the distribution of quantitative 
variables. The t test was used to analyse quantitative 
variables that were normally distributed and homo-
scedastic, and the Mann-Whitney U test was used to 
analyse quantitative variables that were non-normally 
distributed or not homoscedastic. Qualitative variables 
such as sex, symptoms, comor bidities, and radiological 
features between the two groups were compared using 
the χ² test. Quantitative data were presented as median 

Figure 1: Proposed screening strategy for COVID-19 in Shanghai
The standardised procedure for COVID-19 screening in the designated hospitals in Shanghai is shown. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. 
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(IQR) in cases of non-normally distributed data or mean 
(SD) in cases of normally distributed and qualitative data 
presented as numbers. In the multivariate analysis, 
logistic regression was used to determine the risk factors 
for COVID-19. Variables with significance in the 
univariate analysis were preliminarily screened out. 
Variables with clinical significance based on clinical 
experience and previous studies, such as lymphocyte 
count, were also selected.16,17 When the two groups were 
compared, p<0·1 was the threshold for variables to be 
included in the secondary analysis. For the determination 
of risk factors, p<0·05 was the threshold for 
identification. The Spearman coefficient analysis was 
used to assess the correlation of these variables. In the 
case of significant collinearity between two variables 
(Spearman correlation test >0·6), the variable with 
greater difference in two groups was selected. Finally, 
variables such as chill, fatigue, headache, poor appetite, 
myalgia, epidemiological risk, white blood cell counts 
less than 4 × 10⁹ per L, lymphocyte counts less than 
0·8 × 10⁹ per L, and radiological type and site were 
simultaneously entered into the multivariate regression 
model. The odds ratio (OR) and 95% CI were also 

calculated for the independent variables. For all analyses, 
p<0·05 was considered significant.

We did a sensitivity analysis to investigate the 
robustness of the findings in line with missing data. We 
used the mean value imputation method to estimate 
missing data in two groups and then repeated all the 
univariate and multivariate analyses. The results were 
then compared in the two different samples. If the 
sensitivity analysis is consistent with the results of the 
primary analysis, it shows that the missing data has little 
effect on the overall research conclusion to some extent, 
and the results are relatively robust.

We used SPSS (version 26.0), Graphpad Prism 
(version 5), and OriginPro (version 2016) for statistical 
analysis and graph drawing.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The authors J-FX, J-MQ, and Z-JJ 
had full access to all the data in the study and had final 
responsibility for the decision to submit for publication. 

Results
53 617 patients visited the fever clinics of 25 assigned 
hospitals in Shanghai from Jan 17 to Feb 16, 2020. Among 
53 617 cases, 1004 (1·9%) were diagnosed as suspected 
patients and 188 (0·4%) were diagnosed with confirmed 
COVID-19. 850 patients were included in the analysis 
and 154 were missing data. Three patients with COVID-19 
and 23 excluded patients had missing data for white 
blood cell count, 11 patients with COVID-19 and 
132 excluded patients had missing data for neutrophil 
count, and eight patients with COVID-19 and 83 excluded 
patients had missing data for lymphocyte count. The visit 
timelines of 1004 suspected patients are shown in 
figure 2A. A waveform with a main peak from Jan 30 to 
Feb 8, 2020, was observed, 1 week after the Wuhan 
lockdown and the restriction of movement of people in 
other cities from Jan 23, 2020. Most cases were distributed 
before Feb 8, 2020, and after that, the number of both 
patients with confirmed COVID-19 and excluded patients 
gradually decreased. Except for the 188 confirmed cases, 
the final diagnoses of the excluded cases included 
bacterial pneumonia (n=622), common cold (n=59), 
influenza (n=50), other diseases (n=44), and unconfirmed 
cases requiring further follow-up (n=41; figure 2B).

Data for 1004 patients with suspected COVID-19 were 
included in the further analysis of the differences between 
the 188 confirmed patients and the 816 excluded patients 
(table 1). Compared with the excluded cases, confirmed 
cases were significantly older (median 46·0 years 
[IQR 24·0] vs 39·0 years [27·0]; p=0·0034), mainly 
distributed from 20 to 69 years, with a marked higher 
proportion of individuals in the 50–59 year age range 
(figure 3A). The most common symptoms in all 
1004 patients were fever (843 [84%]), cough (622 [62%]), 

Figure 2: Visit timeline of suspected patients to fever clinics of the designated hospitals in Shanghai and 
study population composition
(A) Daily numbers of total suspected patients in fever clinics from Jan 17 to Feb 16, 2020. (B) Proportion of 
suspected patients of total patients from fever clinics (n=53 617), the composition of total suspected patients 
(n=1004), and the composition of excluded patients (n=816).
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and fatigue (250 [25%]). Overall, the excluded cases had an 
elevated highest body temperature (median 38·2°C 
[IQR 0·8] vs 38·1°C [0·7]; p=0·015) and a higher proportion 
of patients with a temperature higher than 38·5°C 
(234 [34%] vs 33 [21%]; p=0·0019; figure 3B). Symptoms 
including chills (seven [4%] vs 64 [8%]; p=0·047), fatigue 
(63 [34%] vs 187 [23%]; p=0·0025), headache (23 [12%] vs 
61 [7%]; p=0·034), poor appetite (24 [13%] vs 55 [7%]; 
p=0·0057), and myalgia (36 [19%] vs 105 [13%]; p=0·025) 
differed significantly between the two groups, with higher 
pro portions for all symptoms except for chills in confirmed 
patients. Other symptoms such as cough, sore throat, and 
diarrhoea showed no significant difference in both groups. 
Hypertension (23 [12%] vs 57 [7%]; p=0·017) and coronary 
heart disease (11 [6%] vs 8 [1%]; p<0·0001) were the only 
two significantly different comorbidities between the 
two groups. Among all 1004 suspected patients, 324 (32%) 
had recently been to epidemic regions, which have local 
transmission (appendix p 4), 171 (17%) had contact with 
patients with COVID-19 or people from epidemic regions, 
and 147 (15%) had a clustered onset. Patients in the 
confirmed group were recorded with more exposure 
histories (all p<0·0001).

The confirmed patients presented with more ground 
glass opacity (GGO; 100 [53%] vs 204 [31%]; p<0·0001), 
GGO or patchy shadow (53 [28%] vs 80 [12%]; p<0·0001), 
bilateral lung lesions (107 [57%] vs 245 [38%]; 
p<0·0001), and three or more lobes affected (81 [43%] vs 
148 [23%]; p<0·0001; figure 3C). According to the 
laboratory results, confirmed patients had lower 
concentrations of white blood cells (5·8 × 10⁹ per L 
[IQR 3·1] vs 7·2 [3·0]; p=0·0053), neutrophil count 
(3·9 × 10⁹ per L [2·3] vs 4·7 [2·7]; p<0·0001), and 
lymphocyte count (1·3 × 10⁹ per L [0·8] vs 1·5 [1·0], 
p=0·0048), with a higher proportion of cases with 
lymphocyte counts less than 0·8 × 10⁹ per L (25 [14%] vs 
64 [9%]; p=0·035; figure 3D). Different amounts of lactate 
dehydrogenase, ESR, creatine, and procalcitonin were 
observed in both groups (table 2).

Of the 188 patients with confirmed COVID-19, an initial 
RT-PCR test revealed a positive result in 135 (72%) patients. 
Of the remaining patients, the first positive test result was 
obtained on a second test for 44 (23% of the total), a third 
test for seven (4%), and only after a fourth test for two (1%) 
patients. In the 816 excluded patients, 795 (97%) cases were 
tested twice before exclusion, and ten (1%) cases had one 
RT-PCR test before exclusion due to rapid clinical 
improvement during follow-up.

The multivariate analysis of relevant indicators associ-
ated with early prediction of patients with COVID-19 are 
shown in table 3. Factors including the epidemiological 
exposure history (OR 4·16, 95% CI 2·74–6·33; p<0·0001), 
fatigue (OR 1·56, 1·01–2·41; p=0·043), white blood cell 
count less than 4 × 10⁹ per L (OR 2·44, 1·28–4·64; 
p=0·0066), lymphocyte count less than 0·8 × 10⁹ per L 
(OR 1·82, 1·00–3·31; p=0·049), GGO (OR 1·95, 
1·32–2·89; p=0·0009), and bilateral lungs affected 

(OR 1·54, 1·04–2·28; p=0·032) were independently 
associated with being diagnosed with COVID-19.

Discussion
To our knowledge, this study is the first and only report 
of a screening strategy for COVID-19 in a city. To enable 

Total (n=1004) Confirmed 
patients 
(n=188)

Excluded 
patients 
(n=816)

p value 

Demographics

Age, years 40·0 (26·0) 46·0 (24·0) 39·0 (27·0) 0·0034

Body-mass index, kg/m² 23·1 (3·6) 23·7 (3·4) 22·8 (3·7) 0·87

Smoking history, yes 147 (15%) 27 (14%) 120 (15%) 0·90

Sex

Female 480 (48%) 94 (50%) 386 (47%) 0·50

Male 524 (52%) 94 (50%) 430 (53%) 0·50 

Symptoms

Fever 843 (84%) 159 (85%) 684 (84%) 0·80

Highest body temperature, °C 38·1 (0·7) 38·1 (0·7) 38·2 (0·8) 0·015

Fever of ≥38·5°C* 267 (32%) 33 (21%) 234 (34%) 0·0019

Chills 71 (7%) 7 (4%) 64 (8%) 0·047

Cough 622 (62%) 116 (62%) 506 (62%) 0·94

Sore throat 176 (18%) 36 (19%) 140 (17%) 0·52

Nasal congestion 40 (4%) 8 (4%) 32 (4%) 0·83

Rhinorrhoea 68 (7%) 9 (5%) 59 (7%) 0·23

Sneezing 4 (<1%) 2 (1%) 2 (<1%) 0·16

Shortness of breath 63 (6%) 12 (6%) 51 (6%) 0·95

Haemoptysis 8 (1%) 1 (1%) 7 (1%) 1·0000

Chest pain 23 (2%) 4 (2%) 19 (2%) 1·0000

Fatigue 250 (25%) 63 (34%) 187 (23%) 0·0025

Headache 84 (8%) 23 (12%) 61 (7%) 0·034

Abdominal pain 11 (1%) 0 11 (1%) NA

Diarrhoea 43 (4%) 6 (3%) 37 (5%) 0·41

Nausea or vomiting 17 (2%) 1 (1%) 16 (2%) 0·29

Poor appetite 79 (8%) 24 (13%) 55 (7%) 0·0057

Myalgia 141 (14%) 36 (19%) 105 (13%) 0·025

Onset to suspicion, days 1 (3) 2 (3) 1 (2) 0·61

Onset to confirmation, days 2 (4) 3 (4) 3 (3) 0·25

Comorbidities

Hypertension 80 (8%) 23 (12%) 57 (7%) 0·017

Coronary heart disease 19 (2%) 11 (6%) 8 (1%) <0·0001

Diabetes 34 (3%) 10 (5%) 24 (3%) 0·10

Chronic obstructive pulmonary 
disease

18 (2%) 4 (2%) 14 (2%) 0·94

Asthma 10 (1%) 2 (1%) 8 (1%) 1·0

Bronchiectasis 5 (<1%) 1 (1%) 4 (<1%) 1·0

Exposure history within 14 days

Recently been to epidemic regions 324 (32%) 95 (51%) 229 (28%) <0·0001

Contact with COVID-19 patients or 
people from epidemic regions

171 (17%) 63 (34%) 108 (13%) <0·0001

Clustering onset 147 (15%) 54 (29%) 93 (11%) <0·0001

Data are n (%) or median (IQR). NA=not applicable. *The number of patients with fever in each group was used as the 
denominator. 

Table 1: Baseline characteristics
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the results of this study to be more generalisable to other 
cities and countries, at least one hospital in each district 
of the 16 districts in Shanghai was selected to make 
the study representative for the whole city, and cases 
identified over a 1-month period were included. With 
use of the reported screening strategy for suspected 
cases via fever clinics, the epidemic of COVID-19 in 
Shanghai was considered to be under control as of 
Feb  19, 2020, with no new native cases even with its 
population of more than 25 million people and a floating 
population of around 9·7 million. The first imported 
case in Shanghai appeared on March 5. The role of fever 
clinics and the experience of managing suspected 
patients in Shanghai might be of benefit to other cities. 
Even in countries without facilities such as fever clinics, 
the screening strategy can be replicated in hospitals. It is 
recommended that fever clinics, or other departments 
with similar responsi bilities, should be established 
and evenly distributed throughout the country or city 
if conditions permit, which can help to avoid the 
transmission of the virus during long-distance travel.

To our knowledge this is also the first report to show 
early discerning differences between confirmed cases 
and excluded cases. The data previously reported were 
mostly from Wuhan, the hardest hit area in China. Large 
differences existed in the epidemiological status and 
clinical features of patients with COVID-19 between 
Wuhan and the rest of China (appendix pp 6–11) to show 
the differences of clinical features between this study and 

previous published data.18–22 One interesting difference 
was the significantly higher proportion of patients with 
both lungs infected in Wuhan compared with Shanghai, 
showing that the lung lesions involved a wider area for 

Confirmed 
patients 
(n=188)

Excluded 
patients 
(n=662)

p value 

Radiographic findings

Type

Nodule 20 (11%) 69 (10%) 0·93

Ground glass opacity 100 (53%) 204 (31%) <0·0001

Patchy shadow 100 (53%) 382 (58%) 0·28

Ground glass opacity 
and patchy shadow

53 (28%) 80 (12%) <0·0001

Site ·· ·· ··

Bilateral 107 (57%) 245 (37%) <0·0001

Number of lobes 
affected

·· ·· <0·0001

1 71 (38%) 344 (52%) ··

2 36 (19%) 160 (24%) ··

≥3 81 (43%) 148 (22%) ··

Laboratory results

White blood cell count, 
× 10⁹ per L 

5·8 (3·1) 7·2 (3·0) 0·0053

Neutrophil count, × 10⁹ 
per L

3·9 (2·3) 4·7 (2·7) <0·0001

Lymphocyte count, × 10⁹ 
per L

1·3 (0·8) 1·5 (1·0) 0·0048

Lymphocyte count 
<0·8× 10⁹ per L

25 (14%) 64 (9%) 0·035

Lymphocyte count 24·1% (13·0) 22·9% (16·3) 0·77

Platelets, × 10⁹ per L 176·0 (75·0) 204·0 (97·5) <0·0001

Albumin, g/L 40·4 (SD 3·5) 41·0 (SD 5·9) 0·40

Globulin, g/L 31·9 (SD 7·5) 29·8 (SD 6·4) 0·12

Alanine 
aminotransferase, units 
per L

33·2 (15·2) 25·0 (23·0) 0·42

Aspartate 
aminotransferase, units 
per L

27·0 (10·0) 26·0 (13·0) 0·18

Creatinine, μmol/L 61·0 (22·4) 72·0 (32·0) 0·013

Lactate dehydrogenase, 
units per L

342·0 (332·0) 480·0 (260·0) 0·016

Glucose, mmol/L 6·2 (2·0) 5·4 (1·4) 0·91

Creatinine kinase, IU/L 73·0 (71·5) 71·0 (77·0) 0·84

Creatine kinase 
isoenzyme-MB, IU/L

9·5 (12·7) 8·7 (13·6) 0·42

C-reactive protein, mg/L 13·4 (27·3) 10·0 (33·5) 0·28

ESR, mm/h 43·5 (72·3) 16·0 (34·0) 0·0031

Procalcitonin, ng/mL 0·04 (0·04) 0·05 (0·05) 0·020

pH 7·4 (SD 0·05) 7·4 (SD 0·05) 0·28

PaO2, mm Hg 78·8 (73·0) 78·8 (24·6) 0·97

PaCO2, mm Hg 39·5 (14·3) 36·9 (6·6) 0·093

SaO2, % 97·0% (4·2) 96·3% (3·8) 0·37

Data are n (%), mean (SD), or median (IQR). IU=international units.

Table 2: Radiographic and laboratory findings

Figure 3: Clinical features of patients with COVID-19 and excluded patients
(A) Age distribution. (B) Distribution of highest body temperature. (C) Clinically significant radiological features. 
(D) Clinically significant laboratory parameters. *p<0·001. †p<0·01. GGO=ground glass opacity.
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patients in Wuhan, which could indicate a higher viral 
load. The present situation in New York (NY, USA), 
Lombardy (Italy), and Madrid (Spain) is very similar to 
that of Wuhan, but the epidemiological characteristics of 
other cities worldwide might be more similar to those of 
Shanghai, thus the experiences reported here might 
benefit other countries and cities. The distribution of 
patients showed that the number of confirmed cases in 
Shanghai reached a peak on Jan 30, 2020. The date of 
this peak is believed to be as a result of the national 
policy of lockdown of Wuhan, which was instigated on 
Jan 23, 2020, and can be explained by the incubation 
period of COVID-19. These data suggest that the results 
of lockdown are evident after 1–2 weeks.

In this study, the ratio of suspected to confirmed cases 
in Shanghai (188 of 1004) was higher than that of China 
as a whole (44 672 of 72 314), which was mainly the result 
of the high number of confirmed cases in Wuhan.23 This 
finding indicated that more suspected cases were under 
surveillance in Shanghai, which might have resulted in 
the relatively successful epidemic prevention and control 
in the city.

The main monitoring point for the disease is body 
temperature. 84% of patients with COVID-19 presented 
with a fever in this study, which was lower than that in 
Wuhan at 98%,18,20 indicating that clinical features might 
differ between patients with COVID-19 in Shanghai and 
those in Wuhan, and diagnoses might be missed when 
the surveillance case identification mainly focuses on 
fever detection. The mean highest temp erature of 
patients with COVID-19 was relatively lower than that of 
excluded patients in this study. 16% of patients with 
COVID-19 did not have a fever, and the analysis of 
multivariate regression also showed that a fever was not  
an indicator for COVID-19 diagnosis, suggesting that we 
should pay attention to symptoms other than fever. 
Extrapulmonary symptoms such as fatigue, headache, 
poor appetite, and myalgia were more common in the 
confirmed cases. Symptoms of COVID-19 vary at 
different stages of disease and systemic symptoms might 
be more common in the early stages of the disease.21,24

A study has suggested that the receptor gene of 
SARS-CoV-2 is angiotensin converting enzyme 2,25 which 
might account for the higher proportion of patients with 
COVID-19 who had hypertension than that of the 
excluded cases in this study. Radiologically, COVID-19 
presented with more abnormalities such as GGO or 
GGO with patchy shadow in this study, which is 
consistent with other reports.26,27 More importantly, the 
numbers of lobes affected and bilateral lung involvement 
in CT scans were associated with the diagnosis of 
COVID-19. Nevertheless, we still need to be cautious as 
these features observed in chest CTs are not exclusively 
seen in COVID-19, but also in other viral pneumonias, 
such as influenza.

Patients with COVID-19 presented with lower counts 
of white blood cells, neutrophils, and lymphocytes than 

excluded cases (the most common diagnosis in excluded 
cases was bacterial pneumonia).16,28 These lower blood 
counts might be an important warning sign in the early 
identification of COVID-19 in fever clinics. Besides, the 
ESR in confirmed patients was significantly higher than 
that in excluded patients, while C-reactive protein was 
not, suggesting that ESR might be more sensitive than 
C-reactive protein in assisting in the diagnosis of 
COVID-19.

Results of multivariate regression showed that 
exposure history is the most important predictor of 
diagnosis for COVID-19, and suspected patients with a 
history of exposure are 4·16 times more likely to be 
diagnosed with COVID-19 than those without. Therefore, 
inquiring about exposure history is the most important 
step in the screening process.22, 29 The presence of fatigue, 
white blood cell counts less than 4 × 10⁹ per L, lymphocyte 
counts less than 0·8 × 10⁹ per L, and characteristics of 
chest CT scans were shown to have predictive value in 
the diagnosis of COVID-19, which will help physicians in 
early identification and surveillance of patients.

Similar to other studies on emerging novel virus 
infections, our study has several common limitations. 
Firstly, to increase the sensitivity of early detection and 
diagnosis, the epidemiological history we collected in 
this study was broadened from Wuhan to other regions 
with COVID-19 cases reported, with a resultant sub-
stantial increase in the number of suspected cases. 
Predictably, the increased study population might 
increase the number of different diseases, making the 
influence on the overall population characteristics 
uncertain. To eliminate or reduce this risk, we further 
confirmed the diagnosis in most, but not all, patients. 
Secondly, missing data were unavoidable as we did a 
retrospective study. Considering that the missing data 
were caused by non-human factors and many were from 
the same individuals, patients with missing data were 
not included in the subsequent analysis (ie, we restricted 
the analysis to individuals without missing data). The 
statistical power might be reduced as the sample size 
decreased. There might also be an effect on the findings 
and increased bias when using this method to handle 
missing data, while the relatively large sample in this 
study could compensate for this. Additionally, the 
sensitivity analysis was consistent with the primary 

Odds ratio (95% CI) p value

Exposure history 4·16 (2·74–6·33) <0·0001

Fatigue 1·56 (1·01–2·41) 0·043

White blood cell count <4 × 10⁹ per L 2·44 (1·28–4·64) 0·0066

Lymphocyte count <0·8 × 10⁹ per L 1·82 (1·00–3·31) 0·049

Ground glass opacity in chest imaging 1·95 (1·32–2·89) 0·0009

Both lungs affected 1·54 (1·04–2·28) 0·032

Table 3: Multivariate analysis of the independent risk factors associated 
with diagnosis
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findings, suggesting that the missing data had little effect 
on the overall research conclusion, and the results are 
relatively robust (appendix p 12). Future studies including 
a larger cohort with standardised data collection is 
necessary to further validate these results.

In conclusion, the novel screening strategy for 
COVID-19 in Shanghai is effective in contributing to 
quarantining the infection source and preventing the 
spread of this contagious disease. The findings from the 
comparisons of suspected patients provide us with 
meaningful insights for early differentiated diagnosis of 
COVID-19. The screening strategy and the clinical 
findings found in this study could meet the urgent need 
for the prevention and early identification of the disease.
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