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 Background: The aim of this study was to determine the effect of C-reactive protein (CRP), lymphocytes (LYM), and the ra-
tio of CRP to LYM (CRP/LYM) on assessing the prognosis of COVID-19 severity at early stages of disease.

 Material/Methods: A total of 108 hospitalized patients diagnosed with COVID-19 in Zhongnan Hospital of Wuhan University from 
January 17, 2020 to March 12, 2020 were enrolled. Data of demographic parameters, clinical characteristics, 
laboratory indicators, clinical manifestation, and outcome of disease were collected. The patients were divid-
ed into a severe group and a non-severe group according to diagnosis and classification, which followed the 
guidelines and management of the Chinese National Health Council COVID-19. The receiver-operating charac-
teristic (ROC) analysis and comparison of ROC curves were used for the laboratory findings for assessment of 
COVID-19 severity.

 Results: Of the 108 patients, 42 patients (38.9%) were male and 24 patients (22.2%) were considered severe cases, 
with the mean age of 51.0 years old. Males and patients with comorbidities were more likely to become severe 
cases. CRP increased and LYM decreased in the severe group.The results for the areas under the curve (AUC) 
of CRP/LYM and CRP used to assess severe COVID-19 were 0.787 (95% CI 0.698–0.860, P<0.0001) and 0.781 
(95% CI 0.693–0.856, P<0.0001), respectively; both results were better than that of LYM. The associated crite-
rion value of CRP/LYM was calculated, with an excellent sensitivity of 95.83%.

 Conclusions: The effect of CRP/LYM and CRP on the assessment for severe COVID-19 may be superior to LYM alone. CRP/LYM 
is a highly sensitive indicator to assess the severity of COVID-19 in the early stage of disease.
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Background

A series of unexplained cases of pneumonia in Wuhan were re-
ported to the World Health Organization (WHO) on December 
31, 2019, and was followed by a worldwide pandemic of infec-
tious disease. The outbreak of this pandemic came from a new 
coronavirus called severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), which is the cause of the 2019 corona-
virus disease (COVID-19) [1]. In the past 20 years, severe ep-
idemics due to 2 important beta-coronaviruses have resulted 
in more than 10 000 infections. The coronaviruses were the 
acute respiratory syndrome coronavirus (SARS-CoV) and the 
Middle East respiratory syndrome coronavirus (MERS-CoV); 
the mortality rates were 10% and 42% respectively [2–5]. As 
of May 16, 2020, as a new member of the coronavirus fam-
ily, the mortality caused by the SARS-CoV-2 had reached up 
to 6.8% [6]. Although the overall mortality of COVID-19 is not 
higher than the former 2 coronaviruses, its clinical infection 
range seems to be wider and more contagious, including as-
ymptomatic infections, mild patient cases, ordinary patient 
cases, and severe patient cases [7,8].

Previous studies have reported common clinical features of 
the COVID-19. Patients may present with fever, dry cough, 
fatigue, headache, dyspnea, normal or decreased white blood 
cell count, and imaging evidence of pneumonia. Severe cases 
are prone to various complications and may further increase the 
chance of human death [9,10]. Shen et al. [11] suggested that 
patients with COVID-19 were more likely to progress within 1 
week. The early definition of COVID-19 was defined as within 
7 days of clinical symptoms, and within 7 days of positive viral 
nucleic acid test for asymptomatic patients [12]. Accordingly, 
early assessment and classification for the severity of the dis-
ease is essential to improve patients’ clinical outcomes. At 
the same time, classification can also help clinicians find pa-
tients who may have aggravated conditions as soon as possi-
ble; it is more beneficial to allocate limited medical resources 
for people who need more active treatments. Consequently, 
clinicians need more valuable laboratory biochemical indica-
tors that can help to assess the severity of the disease in the 
early stage of the infection. In previous articles, the fluctua-
tion of C-reactive protein (CRP) and lymphocytes (LYM) in pa-
tients with COVID-19 have gradually gained attention [12–16]. 
It was found that increased CRP and decreased LYM may be 
related to the severity of the disease. However, few articles 
have analyzed and compared the sensitivity and specificity of 
these 2 parameters for evaluating the severity of the disease.

The present study aimed to determine the effect of labo-
ratory tests, especially CRP, LYM, and the ratio CRP to LYM 
(CRP/LYM) on assessing the prognosis of COVID-19 severity 
at early stages. Therefore, we hope to provide new ideas and 

directions for more accurate, timely, and targeted clinical per-
sonalized evaluation of COVID-19 patients.

Material and Methods

Study design and participants

A retrospective study was conducted from January 17, 2020 
to March 12, 2020 that included 108 hospitalized patients 
diagnosed with COVID-19 in Zhongnan Hospital of Wuhan 
University. Throat-swab specimens were obtained for SARS-
CoV-2 re-examination every other day after suspicion of 
COVID-19. The specimen suspensions were used for real-time 
reverse transcription polymerase chain reaction (RT-PCR) as-
say of SARS-CoV-2 RNA, which was performed using ORF1ab/N 
gene PCR kit (Biogerm, Cat# SJ-HX-226-1,2, Shanghai, China) ac-
cording to the protocol described previously [9]. Fasting whole 
blood samples from patients were collected in EDTA anticoag-
ulant-treated tubes and analyzed within 30 minutes. Routine 
peripheral blood cells, including white blood cells, hemoglo-
bin, platelets, lymphocytes, neutrophils, and monocytes were 
analyzed by Beckman Coulter DxH 800 automated blood ana-
lyzer and related reagents (Beckman, CA, USA). Routine serum 
biochemical parameters, including alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), 
creatinine, and CRP were measured by Beckman Coulter AU au-
tomatic biochemical analyzer and related reagents (Beckman, 
CA, USA). Computed tomography (CT) scan (Discovery, GE 
Medical Systems, Milwaukee, MN, USA) was performed on 
patients to assess lung injury. The diagnosis and classifica-
tion of COVID-19 followed the guidelines and management 
of the Chinese National Health Council COVID-19 [17]. Briefly, 
patients were categorized as severe cases according to one 
of these criteria: a) dyspnea, respiratory rate ³30 breaths per 
minute; b) blood oxygen saturation £93% at rest; c) PaO2/FiO2 
£300 mmHg; d) lung injury progresses by more than 50% with-
in 24 to 48 hours from CT imaging.

This study was approved by the ethics board at Zhongnan 
Hospital of Wuhan University, Wuhan, China (No. 2020011); 
informed consents were obtained from all patients upon ad-
mission to Zhongnan Hospital of Wuhan University.

Data collection

According to the diagnosis, the patients were divided into 2 
groups: a severe group and a non-severe group. The follow-
ing data were collected: demographic data, clinical symptoms, 
chronic comorbidities, laboratory results at the beginning of ad-
mission, clinical manifestations, severity rating, hospital stays, 
and prognostic outcomes. At least 2 trained staff collected and 
reviewed data to avoid subjective biases.
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Statistical analysis

Chi-square tests or Fisher’s exact tests were performed for 
categorical variables. The normal distribution of measurement 
data was statistically tested at the first time. When the data 
was normally distributed, t test was used and expressed as 
mean±standard deviation. While the data was of non-normal 
distribution, Mann-Whitney U test was used and expressed 
in terms of median (25–75% interquartile range, IQR). The re-
ceiver-operating characteristic (ROC) curves were performed 
to assess the severity of COVID-19. Youden index was used 
to evaluate the authenticity of screening tests. P values of 
<0.05 were considered statistically significant. All statistical 
analyses were performed by using SPSS 17.0 software pack-
age (Chicago, IL, USA) and MedCalc 19.1 package (MedCalc 
Software Ltd., Belgium).

Results

Demographic parameters, clinical characteristics, and 
laboratory findings

A total of 108 patients with COVID-19 hospitalization were 
included in this study. Among them, 24 patients were se-
vere cases (22.2%) and 42 patients were male (38.9%), with 
the median age of 51.0 years (IQR, 35.0–66.0; range, 20–96 
years). The comorbidities, signs and symptoms, clinical mani-
festations, hospital stays, clinical outcome, and laboratory re-
sults were compared between the non-severe group and the 
severe group (Tables 1, 2). This revealed that male patients, 
elderly patients, and patients with comorbidities were more 
likely to become severe cases. In comparison with the non-
severe group, the hospital stays of the severe group were ex-
tended to 20.5 days (P=0.001, Table 1). Meanwhile, the clini-
cal outcomes were even worse in the severe group: 5 patients 
(20.8%) were dead in the severe group, while no patients (0.0%) 
were dead in non-severe group (P=0.0004, Table 1). From the 
laboratory results, it was shown that CRP increased and LYM 
decreased significantly in the severe group (P<0.0001 and 
P=0.033, respectively, Table 2).

Analysis of ROC curves by laboratory findings

ROC analysis was performed on the laboratory findings of 
the blood samples collected at the first admission of the pa-
tient. All the results were used to evaluate the ability of vari-
ous biochemical indicators to assess the severity of COVID-19. 
The areas under the curve (AUC) of different laboratory bio-
markers are shown in Figure 1 and Table 3. One of the most 
interesting findings was that the AUC of CRP was 0.787 (95% 
CI 0.698–0.860, P<0.0001). Correspondingly, the associated cri-
terion value of CRP in ROC was 26.3 mg/L, with the sensitivity 

and specificity of 83.33% and 67.86% respectively (Figure 1A, 
Table 3). Another important finding was that the AUC of LYM 
was only 0.643 (95% CI 0.545–0.733, P=0.0347), with the sensi-
tivity and specificity of 79.17% and 53.57% respectively, which 
was not as good as expected (Figure 1B and Table 3). Next, 
the ratio of CRP to LYM (CRP/LYM) was analyzed, and it was 
found that its AUC value reached surprisingly to 0.781 (95% 
CI 0.693–0.856, P<0.0001, Table 3). Especially worth mention-
ing was that its associated criterion value was 16.62 mg∙10–9, 
with the excellent sensitivity of 95.83% (Figure 1C, Table 3).

Comparison of ROC curves for assessing severe COVID-19

As shown in Figure 1D and Table 4, there was no difference 
between AUC of CRP and CRP/LYM (95% CI 0.039–0.049, 
P=0.8254). On the other hand, no matter the difference be-
tween AUC of CRP and LYM (95% CI 0.009–0.280, P=0.0372) or 
CRP/LYM and LYM (95% CI 0.04–0.238, P=0.0061) both made 
sense statistically. It can thus be inferred that the AUC of CRP 
and CRP/LYM to assess the severity of disease were higher than 
the LYM score, which proved the outstanding ability of CRP to 
assess the severity of COVID-19 patients in the early stage.

Discussion

The current study found that males and patients with comor-
bidities were more likely to become severe cases. Compare to 
the non-severe group, the hospital stays were extended and 
the clinical outcomes were even worse in the severe group, 
which was similar to previous research studies [18]. The out-
break of the COVID-19 pandemic has caused a major impact 
and a heavy burden on the global health care system [19,20]. 
Therefore, in the rational use of limited medical resources, it is 
important to evaluate COVID-19 patients who may further ag-
gravate the disease at an early stage, and this strategy will help 
to improve the prognosis of patients and control the spread 
of epidemics. Our results indicated that a significant increase 
of CRP and a corresponding decrease of LYM were observed 
in severe patients in the early stage of COVID-19. It was found 
that CRP/LYM and CRP may be more meaningful for early de-
tection of severe COVID-19 patients than LYM changes alone. 
Interestingly, CRP/LYM has shown a more prominent advan-
tage, which associated criterion value was 16.62 mg∙10–9, with 
the excellent sensitivity of 95.83%. In other words, CRP/LYM, 
as a classic but innovative parameter, can assess the severity 
of COVID-19 in the early stage so as to gain more opportuni-
ties for clinical diagnosis and treatment.

In order to assess the effect of different laboratory indicators 
on the estimation of disease severity, we analyzed the labora-
tory data of COVID-19 patients at the beginning of admission 
to hospital. The results of the ROC analysis showed that the 
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AUC of CRP used to assess severe COVID-19 was 0.787 (95% CI 
0.698–0.860, P<0.0001). Respectively, the associated criteri-
on value was 26.30 mg/L, while the sensitivity and specificity 
were 83.33% and 67.86% respectively. This result was similar 

to the conclusion of Wang et al. [21]. From the data of their ar-
ticle, the AUC of CRP for assessing severe COVID-19 was 0.844 
(95% CI, 0.761–0.926), with a cutoff value of 26.9 mg/L. CRP 
is a pentameric protein synthesized by the liver, and its level 

Total (n=108) Non-severe (n=84) Severe (n=24) P-value

Sex 0.034

Female  66 (61.1%)  56 (66.7%)  10 (41.7%)

Male  42 (38.9%)  28 (33.3%)  14 (58.3%)

Age, median (IQR), y  51.0 (35.0, 66.0)  46.0 (33.0, 62.0)  67.0 (55.0, 74.0) <0.0001

Comorbidities  37 (34.3%)  20 (23.8%)  17 (70.8%) <0.0001

Hypertension  16 (14.8%)  6 (7.1%)  10 (41.7%) 0.0002

Cardiovascular disease  6 (5.6%)  2 (2.4%)  4 (16.7%) 0.021

Diabetes  10 (9.3%)  7 (8.3%)  3 (12.5%) 0.689

Malignancy  3 (2.8%)  2 (2.4%)  1 (4.2%) 0.533

COPD  5 (4.6%)  1 (1.2%)  4 (16.7%) 0.008

Chronic liver disease  10 (9.3%)  5 (6.0%)  5 (20.8%) 0.042

Signs and symptoms

Fever  71 (65.7%)  52 (61.9%)  19 (79.2%) 0.146

Fatigue  63 (58.3%)  45 (53.6%)  18 (75.0%) 0.066

Cough  56 (51.9%)  41 (48.8%)  15 (62.5%) 0.257

Myalgia  37 (34.3%)  27 (32.1%)  10 (41.7%) 0.466

Dyspnea  21 (19.4%)  10 (11.9%)  11 (45.8%) 0.0007

Diarrhea  17 (15.7%)  12 (14.3%)  5 (20.8%) 0.525

Headache  18 (16.7%)  12 (14.3%)  6 (25.0%) 0.225

Days from illness onset to hospital, 
median (IQR), d

 7.0 (4.0,10.0)  6.0 (3.0, 9.0)  8.0 (5.3, 10.0) 0.026

Treatment

Oxygen support  63 (58.3%)  39 (46.4%)  24 (100.0%) <0.0001

Antiviral therapy  73 (67.6%)  60 (71.4%)  13 (54.2%) 0.139

Antibiotic therapy  108 (100.0%)  84 (100.0%)  24 (100.0%) –

Use of corticosteroid  53 (49.1%)  36 (42.9%)  17 (70.8%) 0.020

Use of immunoglobulin  29 (26.9%)  19 (22.6%)  10 (41.7%) 0.073

Hospital stays, median (IQR), d  14.0 (9.0, 20.0)  13.0 (8.0, 18.0)  20.5 (13.0, 28.5) 0.001

Clinical outcome 0.0004

Discharged  103 (95.4%)  84 (100%)  19 (79.2%)

Death  5 (4.6%)  0 (0.0%)  5 (20.8%)

Table 1.  Demographics, baseline characteristics, treatment and clinical outcomes of 108 COVID-19 patients.

y – years; d – days; COPD – chronic obstructive pulmonary disease; IQR – interquartile range.
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increases with inflammation. It is considered to be an acute 
phase protein and responds to inflammatory cytokines asso-
ciated with activated monocytes or macrophages after infec-
tion. Primarily, CRP is induced by the action of interleukin (IL)-6 
responsible for CRP transcription genes. In some cases, it can 
also activate the complement system, thus causing inflamma-
tory cytokines, thereby further aggravating tissue damage [22]. 
The significantly elevated CRP may reflect the severity of in-
flammation, suggesting that the body may further appear “cy-
tokine storm” [23]. This is thought to be one of the most im-
portant causes of patient death from severe COVID-19 [24,25]. 
Our results were consistent with this conclusion. The AUC in 
the ROC curve of CRP reached to 0.787 (95% CI 0.698–0.860, 
P<0.0001), which indeed has shown that CRP could well assess 
the possibility of becoming severe cases early in the disease.

A considerable amount of literature have shown that the dis-
tinguished decrease in the number of lymphocytes in patients 
with COVID-19 may be related to the SARS-CoV-2, which de-
pleted many immune cells and inhibited the immune function 
of human cells [26–28]. Therefore, lymphocytes were consid-
ered to be one of the signs that the course of disease may have 
worsen recently [29,30]. In our results, similar conclusions were 
observed. But interestingly, the ROC analysis showed that the 
AUC of LYM used to assess severe COVID-19 was only 0.643 
(95% CI 0.545–0.733, P=0.0347), not as good as expected. 
In contrast, the AUC of CRP and CRP/LYM were 0.787 (95% 
CI 0.698–0.860, P<0.0001) and 0.781 (95% CI 0.693–0.856, 
P<0.0001) respectively, with the associated criterion value of 
26.30 mg/L and 16.62 mg∙10–9 respectively, and the sensitivity 
of CRP/LYM reached surprisingly to 95.83%. While the compar-
ison of these 3 ROC curves have shown that the AUC of CRP 

and CRP/LYM to assess the severity of disease were probably 
higher than the LYM alone, which proved the outstanding abil-
ity of CRP and CRP/LYM to evaluate the severity of COVID-19 
patients in the early stage.

From this result, it seems like that the increase of CRP is more 
advantageous than the decrease changes in LYM alone to as-
sessing the degree of disease progression in the early course 
of COVID-19. It is speculated that the reason for this phenom-
enon may be related to the significant increase in IL-6. Some 
scholars pointed out that COVID-19 patients had abnormal im-
mune functions, which was characterized by normal or high 
cytokine production capacity and increased circulating cyto-
kines, especially elevated IL-6 [31]. As aforementioned, CRP is 
directly induced by the action of IL-6 in the acute phase of in-
flammation [22]. Therefore, in the early stage of the disease, 
the change of CRP may be more rapid and obvious than other 
biochemical markers. On the other hand, the possible under-
lying mechanism of lymphocyte deficiency was related to the 
SARS-CoV-2, which may directly infect lymphocytes, leading 
to their apoptosis [32]. Early in the course of COVID-19, when 
the viral load in the body has not reached its peak stage, the 
changes in lymphopenia may not be obvious as soon as possi-
ble. In the data of this study, the LYM value resulted from the 
first blood collection during hospitalization. Therefore, it may 
not yet have been reduced more significantly at this stage. 
Meanwhile, CRP may have shown more obvious changes to 
help clinicians to evaluate the severity of COVID-19.

Just as with CRP, CRP/LYM showed more advantages in assess-
ing the severity of COVID-19, and was better than LYM chang-
es alone. Especially, the associated criterion value of CRP/LYM 

Table 2. Laboratory results of 108 COVID-19 patients.

Normal 
range

Total (n=108) Non-severe (n=84) Severe (n=24) P-value

White blood cell count (×109/L) 3.5–9.5  4.2 (3.0, 5.7)  4.2 (3.0, 5.3)  5.0 (3.0, 7.3) 0.124

Hemoglobin (g/L) 115–150  127.4 (117.4, 139.2)  128.7 (117.7, 139.9)  126.0 (109.3, 134.8) 0.074

Platelet count (×109/L) 125–350  180.0 (140.3, 227.5)  181.5 (142.0, 227.5)  174.0 (121.3, 231.8) 0.888

Lymphocyte count (×109/L) 1.1–3.2  0.9 (0.6, 1.3)  1.0 (0.6, 1.3)  0.6 (0.5, 0.9) 0.033

Neutrophil count (×109/L) 1.8–6.3  2.6 (1.8, 3.7)  2.5 (1.6, 3.5)  3.1 (1.8, 5.5) 0.042

Monocyte count (×109/L) 0.1–0.6  0.4 (0.3, 0.5)  0.4 (0.3, 0.5)  0.4 (0.2, 0.6) 0.947

Alanine aminotransferase (U/L) 9–50  22.0 (15.0, 34.5)  21.0 (14.0, 28.0)  33.0 (19.3, 52.3) 0.021

Aspartate aminotransferase (U/L) 15–40  25.0 (19.0, 37.0)  24.0 (18.0, 30.0)  39.5 (22.3, 60.3) 0.002

Total bilirubin (mmol/L) 5–21  10.1 (8.0, 13.5)  9.7 (7.8, 12.9)  11.0 (8.7, 17.1) 0.121

Creatinine (μmol/L) 64–104  61.6 (52.3, 73.6)  60.4 (51.5, 73.2)  67.6 (55.4, 81.9) 0.142

C-reactive protein (mg/L) 0–10.0  23.6 (5.8, 51.1)  15.4 (4.0, 37.9)  53.8 (30.6, 72.9) <0.0001
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Figure 1.  (A–D) The ROC curves for predicting severe COVID-19. ROC – receiver-operating characteristic; CRP – C-reactive protein; 
LYM – lymphocytes; CRP/LYM – the ratio of C-reactive protein to lymphocytes; AUC – areas under the curve; 
The 95% confidence intervals are shown accordingly in curves; : Mark point corresponding to Youden index.
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Table 3. Characteristics of ROC curves in severe COVID-19 patients.

Variables AUC SE 95%CI
Youden 
index J

Associated 
criterion

Sensitivity Specificity P-value

CRP (mg/L) 0.787 0.047 0.698 to 0.860 0.512 >26.30 83.33% 67.86% <0.0001

LYM (×109/L) 0.643 0.068 0.545 to 0.733 0.327 £0.90 79.17% 53.57% 0.0347

CRP/LYM (mg∙10–9) 0.782 0.047 0.693 to 0.856 0.518 >16.62 95.83% 55.95% <0.0001

CRP – C-reactive protein; LYM, lymphocytes; CRP/LYM – the ratio of C-reactive protein to lymphocytes; AUC – areas under the curve; 
95% CI – 95% confidence interval; SE – standard error.
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was 16.62 mg∙10–9, with the excellent sensitivity of 95.83%, 
which brought greater significance to clinical diagnosis and 
treatment. We have reason to believe that CRP/LYM can be 
used as a classic but innovative parameter to evaluate the se-
verity of COVID-19.

To our knowledge, this is the first time that statistical com-
parisons of these ROC curves were performed to explore the 
role of CRP/LYM, CRP, and LYM for assessing the severity of 
COVID-19 early in the disease. Particularly, the effect of CRP/LYM 
and CRP on the assessment of severe disease transformation 
may be superior to LYM alone. In addition, we have proposed 
the associated criterion value of CRP/LYM with an excellent 
sensitivity. This research examines the emerging position of 
CRP/LYM in the context for assessing disease progression. This 
investigation had some limitations. The sample size of the re-
search was limited (the number of patients included was only 
108), and the patients were all from the same hospital, thus 
the data may be biased. Furthermore, due to the limited sam-
ple size, we did not conduct relevant subgroup analysis, which 
may limit the interpretation of the results.

Conclusions

In conclusion, our study found that CRP elevated and lympho-
cytes decreased significantly in the most severe COVID-19 pa-
tients. In the early stage of the disease, the effect of CRP/LYM 
and CRP on the severity assessment may be superior to lym-
phocytes alone. Last but not least, CRP/LYM is a classic but 
innovative parameter. It is recommended that all COVID-19 
patients should complete this test at their first assessment.
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Table 4. Comparison of ROC curves in severe COVID-19 patients.

Variables Difference between areas SE 95%CI P-value

CRP~CRP/LYM 0.005 0.023 –0.039 to 0.049 0.8254

CRP~LYM 0.144 0.069 0.009 to 0.280 0.0372

CRP/LYM~LYM 0.139 0.051 0.040 to 0.238 0.0061

CRP – C-reactive protein; LYM – lymphocytes; CRP/LYM – the ratio of C-reactive protein to lymphocytes; AUC – areas under the curve; 
95% CI – 95% confidence interval; SE – standard error.
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