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Abstract
Background: Current information is not enough to recognize the risk factors of clinical deterioration and
to make medical decisions in COVID-19 patients.

Methods: A retrospective study was performed, with collecting data from medical records of COVID-19
patients in three designated hospitals from January 8, 2020 to May 6, 2020. Clinical data were analyzed
between the deteriorated and the non-deteriorated patients, which was defined as either a increase of 2
categories on the modified 6-category ordinal scale, or a decline of PaO2-to-FIO2 ratio more than
100mmHg.

Results: Total 238 patients with COVID-19 were selected, where 31 were deteriorated and 207 were non-
deteriorated. In the deterioration group, the case fatality rate was up to 41.9%. Compared with non-
deteriorated patients, the deteriorated were older (65.8[IQR 54.3-72.3] vs 54.4[41.0-66.1], p=0.004) and
were more likely to have chronic medical illnesses (17[54.8%]) vs 92[44.4%]). Multivariable regression
showed that three variables, neutrophil-lymphocyte ratio (NLR)≥3.66 (OR, 9.85; 95% CI, 1.68-57.57),
hyponatremia (OR, 8.35; 95% CI, 1.74-40.16), and presence of ground-glass opacities with consolidation
(OR, 5.84; 95% CI, 1.24-27.49) were associated with increased odds of clinical deterioration. The variable
that inspiring air or traditional oxygen therapy only within 72 hours after admission, indicated a
decreased odd of illness progression (OR, 0.075; 95% CI, 0.012–0.465).

Conclusions: COVID-19 patients with clinical deterioration had more common extra-pulmonary organ
impair in early stage and high case fatality rate. Three factors, NLR ≥3.66, hyponatremia and presence of
ground-glass opacities with consolidation were determined as high risk factors in deterioration. 

Background
The outbreak of the novel coronavirus, now known as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has spread globally in the past 4 months [1]. The full spectrum of COVID-19 severity can
range from asymptomatic, to symptomatic but mild, to severe (requiring intensive care), even to death [2,
3]. Most COVID-19 patients manifest non-pneumonia or mild pneumonia. However, 14% of patients’
condition is severe and require oxygen therapy, and 5% is critical with multiple organ dysfunction. Across
China, a fatality rate of up to 49% is observed in critically ill patients [4], which is possibly attributed to
inadequate hospital critical care resources. Moreover, an extremely high fatality of critically ill patients is
observed in two independent centers in the epicenter [5, 6]. Identifying which cases need advanced
medical services on a priority basis to prevent the illness from progressing is a key problem. However,
considering that current information regarding COVID-19 is insufficient, recognizing the risks of clinical
deterioration and formulating medical decisions for COVID-19 patients are considered difficult.

A recent study has revealed that older age, high sequential organ failure assessment (SOFA) score, and D-
dimer greater than 1 µg/mL are potential risk factors used to identify patients with poor prognosis on
admission [6]. However, these factors indicates irreversible pathophysiological processes. Nevertheless,
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several factors, such as body mass index, basic comorbidities, partial pressure of oxygen or PaO2-to-FIO2

ratio (PFR), lymphocyte count, interleukin (IL)-6, and ratio of T cell subsets, are considered beneficial in
predicting poor outcomes and deciding on the appropriate management of viral pneumonia [7–9]. Their
roles in the identification of COVID-19 patients at risk of clinical deterioration remain unclear. Hence,
developing a risk factor-dependent strategy for COVID-19 severity assessment to improve tiered medical
services and early warning system is essential.

The current study aimed to improve a prognostic signature-dependent model in at-risk inpatients
identified in the early course of COVID-19 and assist medical decisions among patients at risk of clinical
deterioration. We believe that our results will facilitate the design and conduct of COVID-19 prevention
strategies.

Materials And Methods

Study Design and Patients
A multicenter, retrospective, observational study was conducted from January 8, 2020 to May 6, 2020 in
three designated hospitals-Zhongnan Hospital of Wuhan University, Tongji Hospital of Tongji Medical
College, and Wuhan Central Hospital, Wuhan, China.

We retrospectively studied all adult inpatients (≥ 18 years old) in these three hospitals who had been
diagnosed with COVID-19 pneumonia by laboratory confirmation or clinical diagnostic criteria, according
to the National Health Commission, China interim guidelines. Patients who died or were discharged
between January 10, 2020 and March 20, 2020 were included in our study.

All adult patients underwent real-time reverse-transcription polymerase chain reaction (RT-PCR) testing
more than once, to confirm SARS-CoV-2 infection throughout the course of the disease.

A total of 290 hospitalized patients were diagnosed with COVID-19 pneumonia based on typical findings
on chest computed tomography (CT) images. A total of 52 patients were excluded: 22 were still in the
hospital as of March 20, 9 did not receive SARS-CoV-2 RNA detection, 11 had oxygen therapy with FiO2 > 
0.6 upon admission, 2 had unstable hemodynamics upon admission, and 8 had no available key
information in their medical records (Fig. 1).

The study was independently approved by the ethics committees of the above mentioned hospitals
(2020-21-K16 and TJ-IRB20200418 ), and all patients provided written informed consent before
enrollment.

Data Collection
Hospitalized patients were identified by reviewing and analyzing the admission logs and histories from
all available electronic medical records and patient care resources. For patients who were admitted in the
hospital on March 6, 2020, their outcomes were confirmed on March 20, 2020. Once recruited, clinical
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information was recorded systematically each day from admission using a standardized electronic case
record form.

Laboratory Procedures
A total of 192 pneumonia patients received SARS-CoV-2 RNA detection before being admitted to the
hospital, 142 of whom had positive results. Throat swab specimens were obtained for RT-PCR re-
examination every other day after admission. All 238 inpatients were diagnosed with COVID-19
pneumonia on March 20, 2020.

Routine blood examinations included complete blood count, coagulation profile, and serum biochemical
tests within 48 hours after admission. Myocardial enzyme, IL-6, serum ferritin, and procalcitonin levels
were also assessed. Chest radiography or CT scan was also performed for all inpatients. The frequency
of examinations was determined by the treating physician.

Definitions
Clinical deterioration was defined as either of the following two criteria from admission to 14 days,
whichever came first: (1) an increase of 2 categories on the modified 6-category ordinal scale of clinical
status and (2) a decrease of PFR > 100 mmHg at any two independent time points, as confirmed by blood
gas analysis. The 6-category ordinal scale comprised the following mutually exclusive categories:
category 6, death; 5, hospitalization requiring extracorporeal membrane oxygenation (ECMO) and/or
invasive mechanical ventilation (IPV); 4, hospitalization requiring high-flow nasal cannula (HFNC) oxygen
therapy or non-invasive positive-pressure ventilation (NPPV), but not requiring ECMO and/or invasive
mechanical ventilation; 3, hospitalization requiring traditional supplemental oxygen, including nasal
cannula or mask oxygen therapy, but not HFNC or NPPV; 2, hospitalization not requiring supplemental
oxygen; and 1, discharged.

Lymphocytopenia was defined as lymphocyte count < 0.8 × 109 /L, as confirmed by routine blood test.
SARS-CoV-2-related acute respiratory distress syndrome (ARDS) was diagnosed according to the Berlin
Definition [10] and the WHO guidelines for COVID-19 [11]. Sepsis and septic shock were defined according
to the 2016 Third International Consensus Definition for Sepsis and Septic Shock [12]. Acute kidney injury
was diagnosed according to the KDIGO clinical practice guidelines [13]. Cardiac injury was diagnosed if
the serum concentration of hypersensitive cardiac troponin I (hsTNI) was above the upper limit of the
reference range (> 28 pg/mL).

Outcomes
The primary outcome was 14-day clinical deterioration (the event). The secondary outcomes were time to
either hospital discharge or death, length of hospital stay, incidence of SARS-CoV-2-related ARDS, rate of
endotracheal intubation and time of weaning off supplemental oxygen, and in-hospital mortality.

The criteria for discharge were as follows: absence of fever for at least 3 days, substantial improvement
in both lungs on chest CT, clinical remission of respiratory symptoms, and two throat swab samples
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negative for SARS-CoV-2 RNA obtained at least 24 hours apart.

Statistical Analyses
Continuous variables are expressed as mean (standard deviation) or median (interquartile range [IQR]),
and categorical variables are expressed as number (proportion). Two-group comparisons (non-
deterioration vs. deterioration) were conducted by two-sample t-test or Wilcoxon rank-sum test depending
on the parametric or non-parametric data for continuous variables and χ2 test or Fisher’s exact test for
categorical variables, as appropriate. Differences between the rates of continuing hospital stay,
continuing mechanical ventilation, and in-hospital survival were also determined.

We excluded the variables from the univariate analysis if their between-group differences were
insignificant, if their accuracy was unconfirmed, and if the number of events was significantly small to
calculate the odds ratios (ORs). Considering the total number of deteriorated patients (n = 31) and to
avoid overfitting in the model, six variables were selected for multivariate analysis based on the previous
findings and clinical limitations. Previous studies have shown that older age, lymphopenia, and higher
neutrophil-to-lymphocyte ratio (NLR) were associated with the severity of viral pneumonia [7, 8, 14], which
have been commonly observed in critically ill or dead patients with SARS-CoV and Middle East respiratory
syndrome (MERS)-CoV infection [15, 16]. The cutoff value, 3.66, was determined as previously described
[17]. Some laboratory findings, including increased LDH level or decreased sodium concentration, showed
statistically significant differences between the clinically deteriorated patients, which has not been
reported in COVID-19. Ground-glass opacities with consolidation have been proven to present severe lung
damage and exudation in SARS-CoV-2 pneumonia [18]. Meanwhile, regarding respiratory physiology, the
requirement of higher inspiratory flow and positive pressure mechanical ventilation represents the
enhancement of ventilation as hypoxic respiratory failure progresses as a compensatory mechanism.
Therefore, we selected older age, NLR, LDH, serum sodium, presence of ground-glass opacities with
consolidation in the initial CT scan, and inspired air or traditional oxygen therapy only within 72 hours
after admission as the six variables for our multivariate logistic regression model.

A two-sided α value < 0.05 was considered statistically significant. Statistical analyses were performed
using the SAS software version 9.4, unless otherwise indicated.

Results

Patient Characteristics and Ordinal Scale Outcomes
On March 20, 2020, 318 adult patients diagnosed with COVID-19 pneumonia were hospitalized in three
designated hospitals. Twenty-eight patients were admitted after March 6, 2020, with a time window less
than 14 days. 290 inpatients were included initially. A total of 238 inpatients were included in the final
analysis, after excluding 52 patients (Fig. 1). The median age was 54.0 (IQR, 42.6–67.3) years, and 42%
were older than 60 years (data not shown). A total of 126 (52.9%) patients were male. None of the
patients had history of exposure to the Huanan Seafood Market. Moreover, 109 (45.8%) patients had
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chronic diseases. The most common symptoms were fever (86.1%), cough (72.8%), and fatigue (43.7%)
(Table 1).

Lymphocytopenia was observed in 95 (39.9%) patients. The above demographic data and clinical
features were similar to those published previously. Furthermore, 192 patients received SARS-CoV-2 RNA
detection before admission, with a positive rate of 74.0% (142 of 192) (Table 2). The remaining 50
patients with negative RNA detection results and 46 patients without RNA detection were admitted
according to clinical diagnostic criteria.

The distribution of patients falling into each category of the 6-category scale from admission to day 14 is
shown in Fig. 2. Hospitalized patients requiring traditional supplemental oxygen therapy without HFNC,
NPPV, or IPV (category 3) accounted for a higher proportion among those hospitalized on the first day,
and an increase in more severe outcomes (categories 4–5) was observed within the first 5 days after
admission. Additionally, 31 (13.0%) patients significantly experienced 14-day clinical deterioration.
Moreover, 25 patients in the deterioration group experienced an increase of 2 categories, mainly because
of the change in respiratory support therapy. Six patients, who initially received positive pressure
mechanical ventilation with higher categories, had decreased PFR > 100 mmHg at any two independent
time points, as confirmed by blood gas analysis. The other 207 patients clinically improved and were
discharged on March 20, 2020.

Clinical Features and Outcomes in Deteriorated Patients
Deteriorated patients were older (65.8 [IQR, 54.3–72.3] years vs. 54.4 [141.0-66.1], p = 0.004) and were
more likely to have chronic medical illnesses (17 [54.8%]) vs. 92 [44.4%]) than non-deteriorated patients.
The incidence rate of hypertension was higher in the deterioration group, with a insignificant difference
(12 [38.7%] vs. 57 [27.5%], p = 0.201) (Table 1).

The deteriorated patients had more severe systemic symptoms than the non-deteriorated, taking the form
of fever with maximum temperature (Tmax) ≥ 38.5 °C (21 [67.7%] vs. 69 [30.3%], p < 0.001) and myalgia
(21 [67.7%] vs. 73 [35.3%], p = 0.001). Moreover, dyspnea was more frequently observed in deteriorated
patients (18 [58.1%] vs. 77 [37.2%], p = 0.027). The median duration from symptom onset to hospital
admission was not different between the two groups (7.0 [4.0–10.0] days vs. 9.0 [5.0–12.0], p = 0.214)
(Table 1).

Only 80.7% (192/238) patients received SARS-CoV-2 RNA detection before admission. The proportion of
false-negative results in SARS-CoV-2 RNA detection was 26% (50/192). Other 96 patients were diagnosed
with COVID-19 based on their clinical diagnostic criteria upon admission. Before admission, the positive
rate of SARS-CoV-2 RNA detection was similar in the two group (10 [58.8%] vs. 132 [75.4%], p = 0.136)
(Table 2).

The baseline lymphocyte count was significantly lower in deteriorated patients than that in non-
deteriorated patients (0.7 [0.4–0.8] × 109/L vs 1.0 [0.8–1.4], p < 0.001). Levels of aspartate
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aminotransferase and bilirubin were significantly higher in deteriorated patients than those in non-
deteriorated patients. Meanwhile, levels of creatine kinase (CK), lactate dehydrogenase (LDH), and
myocardial injury biomarkers, including hsTNI, CK isoenzyme MB, and N-terminal pro B-type natriuretic
peptide (NT-proBNP), were significantly higher. Levels of serum albumin and sodium serum were lower in
deteriorated patients. Meanwhile, levels of ferritin, IL-6, procalcitonin and ESR, considered as key
inflammatory signatures throughout the clinical course, were significantly higher in the deterioration
group in the early stage of the disease (Table 2).

Although all patients were radiologically diagnosed with COVID-19 through either chest CT or radiography
in fever clinics or emergency rooms before admission, only 155 of the 238 hospitalized patients had clear
initial chest CT images used for further analysis. Ground-glass opacities were typical findings presented
in all 155 initial CT images. It was remarkable that the rate of consolidation observed was evidently
higher in the deterioration group (18 [78.3%] vs. 41 [31.1%], p < 0.001). Reticular lung patterns were
observed in 5 (21.7%) in deteriorated, and 6 (4.5%) in non-deteriorated patients, respectively (p = 0.012)
(Table 3).

80 patients underwent chest CT re-examination 5 days after admission. Follow-up chest CT examination
showed an increasing extent and density of lung opacities in all 9 deteriorated patients (100%)
(Supplementary Table 1).

Other Clinical Outcomes and Treatments
During hospital stay, respiratory failure (51.2%, 122/238) was the most common complication. Eight
patients were diagnosed with ARDS. The time of weaning off supplemental oxygen and the length of
hospital stay were significantly longer in the deterioration group than those in the non-deterioration group
(26.0 [24.0–28.0] days vs. 15.0 [7.0–19.0], p < 0.001; 26.0 [26.0, 29.0] days vs. 17.0 [11.0, 19.0], p < 0.001).
In the deterioration group, the case fatality rate of COVID-19 was 41.9% (13 of 31). All non-deteriorated
patients survived and were discharged (Table 4).

The proportion of receiving antiviral drugs or median time from illness onset to the initiation of antiviral
treatment, including oseltamivir or lopinavir-ritonavir, did not differ between the two groups. The
proportion of arbidol use was lower in the deterioration group, not only before admission (3 [9.7%] vs. 58
[28.9%], p = 0.018) but also within 72 hours after admission (4 [12.9%] vs. 96 [46.4%], p = 0.001). The
proportion of steroid use was higher in the deterioration group (17 [22.6%] vs. 7 [3.4%], p < 0.0001)
(Table 4).

Risk Factors for Clinical Deterioration
We included 106 patients with complete data for all variables (75 in the non-deterioration group and 31 in
the deterioration group) in the multivariate logistic regression model. We selected older age (≥ 65 years or
< 65 years as a categorical variable), NLR (≥ 3.66 or < 3.66), LDH, serum sodium (≥ 135 mmol/L or < 
135 mmol/L), inspired air or traditional oxygen therapy only within 72 hours after admission (yes or no),
and presence of ground-glass opacities with consolidation in initial CT scan (yes or no) as the six
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variables for our multivariate logistic regression model. We found that NLR ≥ 3.66 (OR, 9.85; 95%
confidence interval [CI], 1.68–57.57), hyponatremia (OR, 8.35; 95% CI, 1.74–40.16), and presence of
ground-glass opacities with consolidation in the initial chest CT scan (OR, 5.84; 95% CI, 1.24–27.49) were
associated with increased odds of clinical deterioration. Inspired air or traditional oxygen therapy only
within 72 hours after admission indicated a protective effect from illness progression (OR, 0.075; 95% CI,
0.012–0.465) (Fig. 3).

Discussion
31 hospitalized patients with confirmed SARS-CoV-2 infection, characterized by progressive hypoxemia
and advanced respiratory support requirement, and with deteriorating clinical status were included in this
study. It is worth mentioning that these patients had FiO2 < 0.6, with stable hemodynamics upon
admission, meeting our inclusion criteria. Considering their clinical status on admission, physicians were
able to designate an inappropriate treatment site for these patients and underestimated the development
of their illnesses. Thus, we aimed to identify some easily accessible signatures for early warning and
triage before severe respiratory failure and extrapulmonary organ injury are observed.

In our study, oxygenation is still a central element in the assessment of deterioration. The 7-category
ordinal scale is able to capture a broad range of clinical status and track the status change of patients
from admission based on management of influenza A and COVID-19[19, 20]. Temporary hospitals and
inadequate medical teams adversely strain the borders of traditional intensive care units (ICUs), thus, we
improved the practical 6-category ordinal scale dependent on the mode of respiratory support, instead of
the traditional 7-category scale. If the patients experienced moderate hypoxia (categories 3–4), PFR was
also introduced into the criteria.

Lymphopenia was significantly observed in patients with severe COVID-19 [5, 21]. In COVID-19, neutrophil
counts were higher in non-survivors than those in survivors [22, 23], similar as in SARS or MERS[15, 16,
24, 25]. Assessment of NLR rather than lymphocyte count was performed when evaluating the patient’s
immune status, considering the effect of the virus on the immune system and the potential probabilities
for co-infection [26]. With NLR assessment, the discrepancy of the baseline was enhanced, facilitating the
identification of at-risk patients.

Originally, we revealed that hyponatremia predicted the severity of COVID-19. Hyponatremia has been
reported to be typical in severe community-acquired pneumonia considering that Legionella pneumophila
is the causative agent for this type of pneumonia [27]. Electrolyte abnormalities caused by syndrome of
inappropriate anti-diuretic hormone secretion [28] and renal tubular damage, indicate that some special
pathogens possibly complicate Fanconi syndrome-like features [29]. It has been confirmed that SARS-
CoV-2 uses the same cell entry receptor, angiotensin-converting enzyme 2, which is highly expressed in
airway epithelial cells [30] and renal tubular epithelial cells [31]. Although extrapulmonary organ injury
caused by SARS-CoV-2 infection will be confirmed based on further studies, hyponatremia should be an
early risk factor of illness progression involving the kidney.
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Prehospital chest CT plays a crucial role in the rapid identification and early diagnosis of suspected
COVID-19 cases without positive results of RNA detection. In this study, the presence of ground-glass
opacities with consolidation, on initial chest CT was associated with COVID-19 deterioration. Of note,
follow-up chest CT examination revealing a rapid progression of consolidation in a short duration
suggested clinical exacerbation.

In this study, requirement of advanced respiratory support was not observed in the early stage of the
disease, implying that inspired air or traditional oxygen therapy only within 72 hours after admission in
our study was associated with a low probability of deterioration. MERS showed a deteriorating progress
with the median interval from symptom onset to the emergency department visit of 1 day, to ICU
admission of 2 days, and to intubation of 4.5 days [32]. In COVID-19, the clinical courses of major
outcomes from illness onset were relatively more moderate than those in MERS. The duration from
symptom onset to ARDS diagnosis was 8–12 days [5, 6], and the duration from ARDS diagnosis to
intubation was approximately 14 days [6]. Recognizing hypoxic respiratory failure in a longer time
window was considered a limitation. However, inspired air or traditional oxygen therapy only in the early
stage represents a better clinical phenotype within 2 weeks. This point could help us to tier medical
services and arrange medical resources reasonably.

A recent study has shown that myocardial injury is a common condition among patients hospitalized
with COVID-19, and it is associated with a higher risk of in-hospital mortality [33]. Our findings highlight
this complication, including new or worsening heart failure or myocardial injury, were common in patients
with clinical deterioration, because of the requirement of advanced supplemental oxygen in critically ill
inpatients. Lower albumin levels in severely ill patients might be a possible result of capillary leak, which
may be due to SARS-CoV-2 infection. Additionally, in deteriorated patients, increased bilirubin, CK and
LDH suggested systemic damage of multiple organs, which had been confirmed in autopsies [34, 35].

It has been suggested that inflammatory storms play a key role in the progression of COVID-19 [36].
Elevated ESR, CRP, blood IL-6, and serum ferritin levels might be underestimated in predicting the severity
of illness with poor outcomes. Solid evidence to comprehensively understand the association between
clinical phenotypes and immune pathogenesis is still required. Additionally, because of insufficient
medical resources, a large-scale testing of inflammatory markers should be evaluated when establishing
a severity assessment system of COVID-19.

Our study has some limitations. First, because of its retrospective study design, not all laboratory tests
were performed in patients within 48 hours, including the assessment of IL-6 and serum ferritin.
Therefore, their role might be underestimated in predicting deterioration. Second, by excluding patients
who were still in the hospital on March 20, suggesting that severe COVID-19 patients had longer duration
of hospital stay than non-severe patients, the ratio of clinical deterioration was underestimated to some
extent. Third, some clinically diagnosed patients, without laboratory confirmation in the hospital, were
excluded in our study, resulting in possible bias. Finally, all the four risk factors, which identified COVID-19
inpatients at risk of clinical deterioration, should be further verified in a prospective cohort.
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To the best of our knowledge, this is the first retrospective cohort study to identify inpatients with COVID-
19 at risk of clinical deterioration. COVID-19 patients with clinical deterioration had more common
extrapulmonary organ impairment in the early stage of the disease and higher case fatality rate than that
without clinical deterioration. We found that NLR ≥ 3.66, hyponatremia, and presence of ground-glass
opacities with consolidation were considered to be high risk factors for clinical deterioration. Inspired air
or traditional oxygen therapy only within 72 hours after admission in our study was associated with a low
probability of deterioration.
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Due to technical limitations the tables are available as downloads in the Supplemental Files.

Figures

Figure 1

Study flow diagram. COVID-19, coronavirus disease 2019, SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2, FiO2, fraction of inspired oxygen.
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Figure 2

Distribution of proportion falling into each category of the 6-category ordinal scale from admission to day
14. Category 6, death; 5, hospitalization, requiring extracorporeal membrane oxygenation (ECMO) and/or
invasive mechanical ventilation (IPV); 4, hospitalization, requiring high flow nasal cannula oxygen
therapy (HFNC) or non-invasive positive pressure mechanical ventilation (NPPV) , but not requiring ECMO
and/or invasive mechanical ventilation; 3, hospitalization, requiring traditional supplemental oxygen,
including nasal cannula or mask oxygen therapy, but not HFNC or NPPV; 2, hospitalized, not requiring
supplemental oxygen; 1, discharged.
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Figure 3

Multivariate logistic regression analysis of risk factors for clinical deterioration in adult inpatients with
COVID-19.
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