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Purpose: Novel coronavirus disease has become such an escalating epidemic that the 
exponential growth of infected patients has overloaded the health-care systems in many 
countries. Determination of early assessments for patients with a risk of clinical deterioration 
would benefit the management of COVID-19 outbreaks.
Patients and Methods: A total of 214 confirmed COVID-19 patients were enrolled from 
January 11th to February 11th 2020. Medical records including laboratory parameters, 
clinical outcomes and other characteristics of the admitted patients were analyzed 
retrospectively.
Results: The critical patients experienced a significantly prolonged onset–admission interval 
and presented with lymphopenia (r=−0.547, p=0.015) and lower albumin level (p<0.001) 6 
days after symptom onset. Early admission of critical patients significantly reduced the 
duration of hormone therapy. Starting from 9 days of hospital stay, the reduced lymphocyte 
counts exhibited linear growth. Furthermore, on days 9 and 12, significant correlations were 
demonstrated between immunological manifestations and duration of hormone therapy in 
critical patients, and length of hospital stay in severe patients. In addition, the virus negative 
conversion rate was more significantly correlated with increased lymphocytes in critical 
patients.
Conclusion: Early intervention, within 6 days of symptom onset, benefited patients’ 
recovery from critical illness. The 9–12 days of hospital care represented a valuable window 
during which to evaluate the therapeutic effects on physical recovery and virus clearance.
Keywords: COVID-19, critical illness, potential window, length of hospital stay

Introduction
By early April 2020, the outbreak of novel coronavirus disease (COVID-19) as 
a pandemic on a global scale had risen to millions of confirmed infected cases. To 
date, most infected patients have developed common symptoms, such as a dry 
cough, sore throat and fever.1–4 Some of them subsequently developed various fatal 
complications, including pulmonary edema, sepsis, organ failure and even acute 
respiratory distress syndrome,5–7 causing over 400,000 deaths at the time of writ-
ing. Given the rapid spread of the virus among asymptomatic carriers and the 
shortage of medical resources, the case fatality rate (CFR) has varied between 
2.3% and 7.2% among all COVID-19 patients, while that of critical cases is as 
high as 49%.1,3,8 The worldwide infection fatality rate (IFR) for COVID-19 is 
considered to be less than 2%,9,10 with high geographic heterogeneity.11–13 In some 
cases, patients progress rapidly from mild symptoms to severe illness.6,14 

Therefore, the early evaluation and management of severely and critically ill 
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patients will contribute to improvements in clinical out-
comes as well as the prevention and control of COVID-19 
outbreaks.

So far, several studies have described the clinical fea-
tures and immunological manifestations in moderately or 
severely ill patients,15–17 whereas their clinical relevance 
is less clear. Here, we explore the predictive value for 
good outcome based on changes and correlations in iden-
tified laboratory parameters in severely and critically ill 
patients. We hope that our findings will be beneficial as 
effective approaches for early recognition and effective 
intervention in at-risk patients.

Patients and Methods
Data Sources
A total of 214 patients admitted to hospital in Shenzhen, 
China, were enrolled in the study from January 11th to 
February 11th 2020. COVID-19 infection was confirmed 
by real-time reverse transcription polymerase chain reac-
tion (rRT-PCR) tests of oropharyngeal swab samples. The 
patients were all transferred to Shenzhen Third People’s 
Hospital for quarantine and medical treatment. On the day 
of admission, epidemiological and demographic informa-
tion was collected, followed by clinical, radiological and 
laboratory tests.

Study Population
According to the Fifth Revised Trial Version of the Novel 
Coronavirus Pneumonia Diagnosis and Treatment 
Guidance in China, the patients were split into three 
groups by classifying severity in terms of different grades: 
moderate, severe and critical patients. Patients meeting 
any of the following criteria were defined as severe type: 
1) respiratory rate >30 breaths per minute; 2) resting oxy-
gen saturation ≤93%; 3) partial pressure of oxygen (PaO2) 
/fraction of inspired oxygen (FiO2) ≤300 mmHg; 4) rapid 
progression of pulmonary lesions, with >50% increase 
within 24–48 hours; and/or 5) older than 60 years of age, 
complicated by severe chronic diseases including hyper-
tension, diabetes, coronary heart disease, malignant tumor, 
structural lung disease or pulmonary heart disease, as well 
as immunosuppressed patients. Those who met either of 
the following criteria were defined as critical type: 1) 
respiratory failure necessitating mechanical ventilation; 
or 2) symptoms of shock.

In total, 176 patients had been discharged, having 
achieved the following criteria for hospital discharge: 1) 

normal body temperature for more than 3 consecutive 
days; 2) significant reduction in respiratory symptoms, 
evaluated by the following indicators: cough and expec-
toration disappeared, normal ranges for inflammatory mar-
kers interleukin-6 (IL-6) and C-reactive protein (CRP), 
and oxygenation index ≥350; 3) substantial improvement 
detected on conventional chest radiography; and 4) at least 
two consecutively negative results of rRT-PCR testing 
separated by an interval of ≥24 hours. However, 36 
patients (26 severe patients and 10 critical patients) were 
still hospitalized and another two patients had died.

Clinical Data Collection
Relevant clinical and laboratory data were obtained from 
electronic medical records. The demographic data, 
patients’ symptoms, any comorbidity, dates of onset, dis-
ease duration, history of familial cluster and hospital 
admission were recorded. All of this information was 
double checked by two researchers independently. 
Peripheral blood samples were collected on the day of 
admission as well as during the hospitalization. Routine 
blood tests were performed by a Sysmex XT-2000i auto-
mated hematology analyzer. The serum level of IL-6 was 
measured using the electrochemiluminescence method 
(Roche Diagnostics, Basel, Switzerland). The levels of 
serum CRP and D-dimer were determined by turbidimetric 
immunoassay.

Treatments and Measurements
According to the Diagnosis and Treatment Protocol for 
Novel Coronavirus Pneumonia in China, the antiviral com-
pound ritonavir/lopinavir (Kaletra®) combined with inter-
feron alpha (IFN-α) was used as the potential antiviral 
therapy. The ritonavir/lopinavir tablet was administered 
at a dose of 500 mg once daily, while 50 μg IFN-α was 
aerosolized twice a day. Besides, for patients with progres-
sive deterioration of oxygenation indicators, rapid progress 
in imaging and excessive activation of the inflammatory 
response,18 methylprednisolone was used for a short peri-
odat the recommended dose of 1–2 mg/kg/day.

To monitor and evaluate the patients’ progress, nasophar-
yngeal swab specimens for COVID-19 rRT-PCR detection 
were collected from patients every 3 days during their hospital 
stay. COVID-19 RNA Detection Kits (real-time fluorescent 
PCR method) approved by the National Medical Products 
Administration were used for virus testing in nasopharyngeal 
swabs. Conditions for the amplifications included reverse tran-
scription at 50°C for 15 minutes, pre-denaturation at 95°C for 
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15 minutes, followed by 45 cycles at 94°C for 15 seconds and 
55°C for 45 seconds for fluorescence detection. Receiver 
operating characteristics curve analysis was used to determine 
the optimal threshold cut-off value. A cycle threshold (Ct) 
value >40 was defined as a negative test. The PCR negative 
conversion rate was calculated as the rate of PCR negative 
patients to all undischarged patients by PCR detection of viral 
mRNA.

Statement of Ethics
This study strictly complyies with the guideline on Ethical 
Review Methods for Biomedical Research Involving 
Human Beings in China. The study was approved by 
Shenzhen Third People’s Hospital Ethics Committee and 
the written informed consent was waived by the Ethics 
Commission. Any data collected and analyzed in this 
retrospective study were derived from clinical raw 
records without any intervention or influence on clinical 
treatment. No additional collection of human samples or 
genetic resource materials was performed in our study. To 
fully protect the privacy and rights of patients, only clin-
ical data observations were used for publication, and per-
sonal information will not be disclosed to any other third 
party without the patient’s consent.

Statistical Analyses
Means (±standard deviation [SD]) and ranges were 
reported for normally distributed, continuous variables. 
Frequencies and percentages were reported for categorical 
variables. One-way ANOVA was used to compare contin-
uous variables among three groups, while the independent 
samples t-test was used between two groups. The Mann– 
Whitney U-test was used to compare significant differ-
ences among continuous data. The proportions of catego-
rical variables were compared using a chi-squared test. All 
statistical tests were two tailed, and a p value <0.05 was 
considered statistically significant. All analyses were con-
ducted with SPSS software, version 22.0.

Results
Baseline Characteristics of Patients on 
Day of Hospital Admission
Among the 214 patients, 122 (57.01%), 73 (34.11%) and 
19 (8.88%) were categorized in the moderate, severe and 
critical groups, respectively. The median age for critical 
patients was 65 years old (range 36–73 years), 58 years 
old for severe patients (31–86 years) and 42 years old 

(2–78 years) for moderate patients (p<0.0001, one-way 
ANOVA). On the day of admission, immunological tests 
indicated that the average levels of serum IL-6 and CRP 
were aberrantly elevated and much higher in critical 
patients than in severe patients (p=0.045 and p=0.027, 
respectively). In addition, the significantly decreased con-
centration of albumin (ALB) was consistent with the 
degree of clinical severity of patients (Table 1) 
(p<0.0001, one-way ANOVA). Notably, lymphopenia fea-
tured in 31 severe patients (45.59%) and 11 critical 
patients (56.90%), with five cases of severe lymphopenia 
(<0.5× 109/L). Despite no significant lower level of aver-
age lymphocytes (0.75±0.36 vs 1.11±0.47, p=0.088), cri-
tical patients had an extremely significantly lower count of 
CD4+ type cells than severe patients (223.5±105.84 vs 
469.19±271.03, p<0.001). Consequently, all 19 critical 
patents were administered with 6.26±3.25 (4.70–7.83) 
days of methylprednisolone, at an average dose of 340 
±212 (237–442) mg, while 56 severe patients received 
255±107 (222–287) mg for 5.18±2.27 (4.49–5.87) days. 
The average duration of potential antivirus treatment was 
24.68±9.47, 22.85±7.89 and 16.89±5.55 days in the criti-
cal, severe and moderate groups, respectively (p<0.0001, 
one-way ANOVA). Similarly, longer hospital stays were 
demonstrated in patients with a higher severity grade 
(Table 1) (p<0.0001, one-way ANOVA).

Prolonged Time Interval from Symptom 
Onset to Admission and Increased 
Lymphopenia Risk in Critical Illness
The epidemic curves (Figure 1), constructed by plotting 
the number of cases identified over this period of time, 
showed that the peak of the outbreak occurred in late 
January, closely followed by the peak of admission, with 
an average time interval of 4.38 (95% CI 3.88–4.88) days 
from the onset of symptoms to admission. The discharge 
peak time appeared in mid-February, with an average 
length of hospital stay of 19.77±5.68 (18.93–20.61) days. 
In total, 64.4% of severe patients and 36.8% of critical 
patients were discharged during the enrollment period.

Severe patients experienced an average of 4.89 days 
prior to hospital admission compared with 3.98 days in 
moderate patients (p=0.091), while prolonged time intervals 
of onset–admission of 7.22±4.47 days were identified in 
critical patients. Accordingly, the lymphocyte cell counts 
were significantly inversely correlated (r=−0.547, p=0.015) 
with the onset–admission intervals only in critical patients. 
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Further analysis (Figure 2A) indicated that lymphocyte 
counts of critical patients were comparable with those of 
severe patients in the initial 2–5 days until day 6 of symptom 
onset, when an obviously declined lymphocyte count was 
observed (p=0.008 compared with the severe group). Further 
comparison of their clinical outcomes (Figure 2B) indicated 
that initiation of intervention within 6 days of symptom 
onset significantly reduced the duration of hormone therapy 
in critically ill patients. Over the subsequent week without 
hospital care, the average lymphocyte count in three (15.8%) 
of the critical patients declined to 0.41×109/L, while that of 
seven (9.6%) of the severe patients was 1.07×109/L 
(p=0.006 (Figure 2C). Simultaneously, the average level of 
serum ALB in critical patients was significantly lower than 
that in severe patients (p=0.0009) (Figure 2D).

Hyperinflammatory Response in Critical 
Patients During Hospitalization
Several laboratory factors were followed for the longitudinal 
study and two different patterns were discernible (Figure 3). 
The changes in lymphocyte count (Figure 3A) indicated that 
the general downward trends started to increase linearly 
from day 9 to day 18 and day 39 of hospital stay in the 
severe group (R2=0.924, p=0.038) and critical group 

(R2=0.972, p<0.001). In addition, lymphocyte counts of cri-
tical patients remained significantly lower from the day of 
admission throughout the follow-up 18 days of hospitaliza-
tion and increased to a level to that in severe patients there-
after. The mean lymphocyte count on day 25 of hospital stay 
was 1.27×109/L in critical patients, while that in severe 
patients was 1.21×109/L, which was almost identical, and 
increased within the following 2 weeks, from 1.31×109/L to 
1.42×109/L. Correspondingly, the average level of serum 
ALB in severe patients was apparently falling, although it 
remained significantly higher than that in critical patients, 
especially in first 9 days of hospital stay (Figure 3B).

On the other hand, the mean serum CRP and IL-6 
levels exhibited convergent changes during the initial 6 
days of hospital stay (Figure 3C and D). Subsequently, 
there was a dramatic increase in both serum CRP and IL-6 
levels of critical patients, with extremely high values in 
individual patients, whereas those of severe patients stayed 
almost controllable during hospitalization.

Correlations Between Immune Status and 
Clinical Outcomes
The results of rRT-PCR detection indicated that the virus 
negative conversion rates gradually increased with the 

Figure 1 Epidemic curve for the COVID-19 outbreak. Epidemic curve of laboratory-confirmed cases of the COVID-19 outbreak by date of symptom onset (deep blue line), 
hospital admission date (light blue line), and discharge date (orange line) in Shenzhen, China, collected from January 11th to February 11th 2020. In total, 214 patients were 
admitted to hospital and 176 of them were discharged from the hospital.
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length of hospital stay, with obvious differences across 
disease severity groups (Figure 4A). The correlational 
analysis indicated that the increased lymphocyte number 
in the critical group was more strongly correlated with 
increased virus clearance (r =0.8368, p=0.004) than that 
in severe patients (r=0.7781, p=0.009) (Figure 4C). As 
expected, there was no significant positive correlation 
between virus shedding and immune status in moderate 
patients (Figure 4D).

Further correlation analysis (Table 2) demonstrated that 
the duration of hormone therapy in critical patients signifi-
cantly inversely correlated with lymphocyte counts rather 
than IL-6 or CRP level on days 9 and 12 of admission 
(p=0.025 and p=0.05, respectively), which were in accor-
dance with the identified turning point in Figure 4B during 
hospitalization. In contrast, except for the significant inverse 
correlations between clinical outcomes (lengths of hospital 
stay and duration of antivirus treatment) and lymphocyte 
count, positive correlations were also identified between 
these two parameters and inflammatory markers (IL-6 and 

CRP levels) in severe patients on both day 9 and day 12 of 
admission. Besides, consistent results on lymphocyte num-
bers were validated on the same days (day 9 and day 12 of 
hospital stay) for moderate patients. In particular, signifi-
cantly positive correlations were only found between the 
length of hospital stay and serum CRP levels.

Discussion
Changes in immunological parameters, especially 
lymphopenia,19–21 have been reported to predict progres-
sion toward severe or critical illness in COVID-19. 
However, most of the cases published to date were only 
available on admission and there was no clear evidence on 
clarification of their clinical values with regard to severity. 
Here, our study showed the landscape of several immuno-
logical indicators throughout hospitalization and further 
elucidated their clinical relevance to clinical outcomes as 
potential prognostic inflection points.

First, we found that critically ill patients predominantly 
experienced a longer onset–admission interval and presented 

Figure 2 Changes in laboratory parameters before admission. (A) Lymphocyte counts shown by days since onset of symptoms. Critical patients presented severe 
lymphocytopenia with significantly declined cell count (p<0.01) when the symptoms lasted for 6 days without seeking professional medical care. (B) Bar graphs showing the 
average duration of hormone therapy between patents grouped by interval from symptom onset to admission day. (C, D) Average lymphocyte count and serum albumin 
(ALB) level in patients experiencing more than one week of symptoms. Critical patients had significantly lower lymphocyte numbers (C) and ALB concentration (D) 
compared with severe patients (p=0.0062, p=0.0009, respectively). The pink line/bar represents moderately ill patients, the purple line/bar represents severely ill patients, 
and the blue line/bar represents critically ill patients. Error bars represent mean ± SEM; **p<0.01.
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with accordingly reduced lymphocyte counts. Our data sug-
gested that patients experiencing longer admission delays or 
slower recovery were at strikingly increased risk of exacerba-
tions. Notably, considering the lack of immediate medical 
attention, the early assessment of routine lymphocyte count 
and ALB level will facilitate the evaluation of disease severity 
in outpatients. The results suggest that COVID-19 patients 
with lower lymphocyte and ALB levels should receive more 
medical attention and be given priority for hospital admission.

Second, during hospitalization, the number of 
lymphocytes and level of serum ALB differed significantly 
with the degree of severity and changed strikingly along the 
course of rehabilitation, providing a stable and reliable indi-
cator by which to monitor the patient’s status. Besides 
obvious differences in average lymphocyte numbers between 
critical and severe patients throughout the initial weeks of 
hospitalization, we identified a substantial linear increase in 
the lymphocyte count starting from day 9 of admission, 
which then successively increased to the normal level in the 

two groups. In terms of correlation analysis, we noted sig-
nificant inverse correlations between the lymphocyte count 
and the duration of treatment as well as the length of hospital 
stay from day 9 of admission. Since early clinical care may 
have contributed toward controlling the COVID-19 
pandemic,22–24 with the marked reduction in mortality,2,25 

we considered day 9 of hospital stay as a prognostic inflec-
tion point for patients receiving health care.

There are several limitations to our study. First, not 
many critical patients were enrolled. Second, moderate 
patients were not included in the longitudinal study since 
they were discharged at 20.31±3.64 days of hospital stay. 
Last, the epidemic development curve was not precise 
since our data were only collected from Shenzhen, under 
the strict controls in place during the outbreak.

Conclusion
Above all, as shown in our study, early intervention less 
than 6 days from symptom onset showed a benefit in terms 

Figure 3 Time course of lymphocyte counts and serum biochemical levels during hospitalization. (A) Comparison of lymphocyte counts indicated that significantly lower 
average levels existed from day 3 to day 18 of admission in critical patients. The reduced average counts changed to an increase from day 9 of admission in both critical and 
severe patients. Correlation analysis on the mean lymphocyte counts of severe patients showed a significant linear increased trend (R2=0.924, p=0.038) from day 9 to day 18, 
represented as a red regression line, while the linear increase in mean lymphocyte count in critical patients was extremely significant from day 9 to day 39, represented as an 
orange regression line (R2=0.972, p<0.001). (B) The average of serum ALB levels showed an apparently fall, whereas it was significantly higher in severe patients during the 
initial 9 days of hospital stay. (C, D) The inflammatory markers IL-6 and CRP showed a dramatic increase, with extremely high values in critical patients, whereas there was 
a relatively small change in severe patients during hospitalization. Mean ± SEM; *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: IL-6, interleukin-6; CRP, C-reactive protein; ALB, albumin.
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of the reduction of hormone therapy in critical patients. 
The hyperinflammatory response started after the initial 
9–12 days of hospital stay, suggesting that this treatment 
period may represent a valuable window during which to 

evaluate the therapeutic effect on physical recovery and 
virus clearance. We hope that our study will contribute to 
the management of critically and severely ill patients with 
confirmed COVID-19.

Figure 4 Temporal dynamics in viral negative-conversion rate and immune status of COVID-19 patients. (A) Viral negative conversion rate detected by RT-PCR in 
nasopharyngeal swabs from COVID-19 patients stratified by disease severity. The blue line represents critically ill patients, the purple line represents severely ill patients, and 
the pink line represents moderately ill patients. The thick lines show the trend of viral negative conversion rate over different time points during hospitalization, using 
smoothing splines. Further regression analysis (B–D) identified correlations between lymphocyte count and PCR negative conversion rate in critical (B) and severe (C) 
illness groups, but not in the moderate group (D). Error bars represent mean ± SEM.

Table 2 Correlation Analysis Between Immunological Manifestations and Clinical Outcomes on Admission Days 9 and 12

Admission Day Lymphocyte Count IL-6 CRP

9 12 9 12 9 12

r p r p r p r p r p r p

Critical 
group

Duration of hormone 
therapy

−0.513 0.025 −0.456 0.05 0.363 0.203 0.251 0.367 0.204 0.433 0.434 0.081

Severe 
group

Duration of antiviral 
treatment

−0.362 0.002 −0.391 0.001 0.383 0.033 0.414 0.012 0.373 0.002 0.353 0.005

Length of hospital 

stay

−0.516 0.001 −0.401 0.01 0.611 0.005 0.602 0.002 0.465 0.002 0.635 0.001

Moderate 

group

Duration of antiviral 

treatment

−0.337 0.004 −0.273 0.026 0.051 0.730 0.024 0.870 0.054 0.654 0.188 0.113

Length of hospital 

stay

−0.303 0.004 −0.226 0.045 0.163 0.258 0.256 0.067 0.222 0.048 0.257 0.024

Notes: Pearson’s correlation coefficients (r) between immunological parameter (lymphocyte count) and clinical outcomes (duration of hormone therapy, duration of 
potential antiviral treatment and length of hospital stay) on admission days 9 and 12 at inclusion. P values in bold are considered to be significant (p<0.05). 
Abbreviations: IL-6, interleukin-6; CRP, C-reactive protein.
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