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ABSTRACT

Introduction: Covid-19 pneumonia CT extent correlates well with outcome including mortality. However, CT is
not widely available in many countries. This study aimed to explore the relationship between Covid-19 pneu-
monia CT extent and blood tests variations. The objective was to determine for the biological variables corre-
lating with disease severity the cut-off values showing the best performance to predict the parenchymal extent of
the pneumonia.

Methods: Bivariate correlations were calculated between biological variables and grade of disease extent on CT.
Receiving Operating Characteristic curve analysis determined the best cutoffs for the strongest correlated bio-
logical variables. The performance of these variables to predict mild (<10%) or severe pneumonia (>50% of
parenchyma involved) was evaluated.

Results: Correlations between biological variables and disease extent was evaluated in 168 patients included in
this study. LDH, lymphocyte count and CRP showed the strongest correlations (with 0.67, —0.41 and 0.52
correlation coefficient, respectively). Patients were split into a training and a validation cohort according to their
centers. If one variable was above/below the following cut-offs, LDH>380, CRP>80 or lymphocyte count
<0.8G/L, severe pneumonia extent on CT was detected with 100% sensitivity. Values above/below all three
thresholds were denoted in 73% of patients with severe pneumonia extent. The combination of LDH<220 and
CRP<22 was associated with mild pneumonia extent (<10%) with specificity of 100%.

Discussion: LDH showed the strongest correlation with the extent of Covid-19 pneumonia on CT. Combined with
CRP+lymphocyte count, it helps predicting parenchymal extent of the pneumonia when CT scan is not available.

1. Introduction

(CT)-scan has high sensitivity for Covid-19 pneumonia detection even
though radiological signs might be delayed after symptoms onset, with

The pandemic of Coronavirus disease 2019 (Covid-19) emerged in a
noticeably short period of time, causing hundreds of thousands of deaths
in the world. Numerous studies are currently being performed to un-
derstand the disease, find effective treatments, pending the development
of a vaccine [1]. However, the underlying biological mechanisms of this
viral infection are still not fully understood. Computed Tomography

up to 56% CT negativity in the first three days [2]. Sensitivity of CT-scan
compared to RT-PCR may also be lower than previously thought [3].
Rigorous disinfection protocols of CT-scan and radiation doses limit the
possibility of large scale CT-scanning [4]. Early chest CT might be used
as diagnostic tool for containment of COVID-19 pandemic [5] but
CT-scan is not widely available in many countries. Patients with mild
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respiratory symptoms are not necessarily referred for CT when they are
diagnosed with SARS-CoV-2 infection. Previous studies demonstrated
than extent of COVID-19 pneumonia on CT is related to patients’
outcome [6]. CT-scores of patients in Intensive Care Units (ICU) were
significantly higher than those of discharged patients [7] Quantification
of well aerated lung on CT were independent predictors of poor prog-
nosis in COVID-19 [8]. Thus, it makes sense to predict the extent of CT
lesions based on biological variables in resource-limited setting in order
to facilitate hospitalization and close monitoring of patients with high
extent. These patients could benefit from promising therapeutic possi-
bilities, including anakinra [9], tocilizumab [10,11] or remdisivir [12].
However, the determinants of parenchymal extent on CT-scan are still
investigated. Positive association between LDH level and severity of
SARS-CoV-2 infection has been reported [13].

Thus, it would be of interest to find biological variables correlating
with the extent of the pneumonia on CT, in order to have closer follow-
up and/or early treatment of these patients. This study aimed to explore
the relationship between CT-extent of Covid-19 pneumonia and blood
tests variations. The goal was to determine the best cut-off values for
biological variables correlating with CT-extent in order to predict
parenchymal extent of the pneumonia based on these biological vari-
ables only.

2. Material and methods

Our local ethics committee approved this retrospective observational
study (IRB AAA-2020-08026). Patients were recruited from four
different hospitals (Cochin Hospital; Georges Pompidou European
Hospital, Ambroise Paré Hospital; Raymond Poincaré Hospital, APHP)
from emergency departments and departments of respiratory medicine
between March 10th and April 10th, 2020. It was not appropriate or
possible to involve patients or the public in the design, or conduct, or
reporting, or dissemination plans of our research. Patients were included
if they had a positive RT-PCR result, an available initial CT-scan and
blood tests with at least LDH dosage.

Demographics and biological variables including complete white
blood cell and platelet counts, LDH, CRP and D-dimers were collected.
These data were collected on the same day that the CT-scan.

CT-scan images were evaluated by a senior resident and a thoracic
radiologist with 20 years of experience, in consensus. The extent of
pneumonia was graded as follows: normal CT-scan (grade 0), minimal
involvement with less than 10% of involved lung parenchyma (grade 1),
moderate involvement (grade 2; approximately 10-25%); extended
involvement (grade 3, 25-50%); severe involvement (grade 4; 50-75%);
critical involvement (grade 5; >75%).

2.1. Correlation between CT-scan and biological variables

Bivariate correlations using Spearman’s rank correlation coefficient
were calculated between continuous biological variables and the ordinal
variable of interest, CT-scan grade. A p-value<0.05 was considered as
statistically significant. Weak correlation was defined as coefficient
magnitude less than 0.4, moderate correlation as coefficients between
0.4 and 0.7 and strong correlation as coefficients >0.7.

2.2. Determination of cut-offs to predict CT-scan extent of the pneumonia

Consecutive patients were divided in 2 groups: a training cohort
including patients from Cochin Hospital and Ambroise Paré Hospital and
a cohort of validation with patients from Raymond Poincaré Hospital
and Georges Pompidou European Hospital. The extent of pneumonia
was evaluated as “LOW” (less than 10% of parenchymal involvement,
grade O or 1), “INTERMEDIATE” (10-50% of parenchyma, grade 2 and
3) and “HIGH” (more than 50%, including grade 4 and 5). Variables with
moderate to strong correlation coefficients were explored. Adequate cut-
offs were determined using Receiving Operator Characteristic (ROC)
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curve analysis to differentiate “HIGH” extent of the pneumonia versus
other patients (“LOW” and “INTERMEDIATE”) with high sensitivity
(Se). Another ROC curve analysis was performed to differentiate “LOW”
extent of the pneumonia from other patients (“INTERMEDIATE” and
“HIGH”) with high specificity (Spe). We determined as useful variables
those with Areas Under the Curve (AUC) of at least 0.75.

SPSS software (version 24,Chicago, IL,USA) was used for statistical
analysis.

3. Results

A total of 393 patients were eligible in the 4 university hospitals. Of
them, 225 were excluded because LDH levels were lacking. Conse-
quently, 168 patients with a mean age of 64.7 years (STD = 15.7; range
= [23-97]), 109 men and 59 women were included in this study
(Table 1). All patients had available LDH and CRP results. D-dimers were
available for 85 patients and complete white blood count for 110
patients.

3.1. Correlation between CT-scan and biological variables

Of the 168 patients, the biological variables significantly correlating
with CT-scan extent were lymphocyte, eosinophil, basophil, monocyte
and neutrophil counts, LDH and CRP (Table 1). LDH, lymphocyte count,
CRP showed moderate correlations (with 0.67, —0.41 and 0.52 corre-
lation coefficient, respectively), with decreased lymphocyte count and
increased CRP and LDH correlating with more severe involvement
(Fig. 1). Eosinophil, basophil, monocyte, neutrophil counts were only
weakly correlated (Table 2). Platelet count and D-dimers were not
correlated to the extent of pneumonia.

3.2. Determination of cut-offs to predict CT-scan extent of the pneumonia

98 patients were included in the training cohort and 70 in the vali-
dation cohort.

In the training cohort, 11 patients had “LOW” CT-extent (<10%), 51
patients had “INTERMEDIATE” CT-scan extent (10-50%) and 26
“HIGH” CT-extent (>50%).

First, ROC curve analysis was performed to differentiate “HIGH” CT-
extent from other patients (<50% CT-extent) (Fig. 2). Lymphocytes
<0.8G/L (Se = 0.89; Spe = 0.71, AUC = 0.76), CRP>80 (Se = 0.85; Spe
= 0.63, AUC = 0.79), and LDH>380 (Se = 0.96; Spe = 0.74, AUC =
0.89) were determined as the best cut-offs to differentiate these 2
groups.

Then, a second ROC curve analysis (Fig. 3) was performed to
differentiate “LOW” CT-extent from other patients (>10% CT-extent).
The best cut-offs were CRP<22 (Se = 0.36; Spe = 0.91, AUC = 0.80)

Table 1
Clinical characteristics and CT-score of included patients; STD = standard
deviation.

Numbers (Proportion) Confidence Intervals

Characteristics

Patients 168

Age (mean) 64.8 years STD = 15.7 years
Sex (males) 109 (64.8%) [57.1%; 72%]
Onset to CT-scan 6.7 days STD = 3.7 days
CT-score

0 6 (3.6%) [1.5%-8%]

1 20 (11.9%) [7.6%-18.0%]
2 44 (26.2%) [19.9%-33.6%]
3 61 (36.3%) [29.1%-44.1%]
4 24 (14.3%) [9.5%-20.7%]
5 13 (7.7%) [4.4%-13.1%]
Outcomes

Intubation 42 (25.0%) [18.8%-32.4%]
Death 27 (16.1%) [11%-22.7%]
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Fig. 1. Correlation between CT-extent and lymphocyte count (0 = absent; 1 =
minimal; 2 = moderate; 3 = extended; 4 = severe; 5 = critical), CRP and LDH

and LDH<220 (Se = 0.55; Spe = 0.92, AUC = 0.87). Lymphocyte count
exhibited only moderate performance to differentiate these 2 groups
with AUC = 0.65 and was therefore not used.

In the validation cohort, 15 patients had “LOW” involvement, 47
“INTERMEDIATE” extent and 11 “HIGH” extent. The AUC to differen-
tiate “HIGH” parenchymal extent from others was 0.82 with 100% of
sensitivity if at least one of the 3 variables was above (CRP>80 and
LDH>380) or below (lymphocytes<0.8G/L) the cut-offs and 100% of

Respiratory Medicine 175 (2020) 106206

Negative Predictive Value (NPV) when none of these variables were
above or below the cutoffs (19/62 patients). Eight of the 11 patients
(73%) with >50% parenchymal extent on CT had all 3 variables above/
below the thresholds.

The AUC to differentiate “LOW” parenchymal extent from others was
of 0.75 with 100% of specificity when CRP was <22 and LDH<220 (for 6
of the 15 patients [40%] with normal CT-scan or grade 1).

4. Discussion

We found that LDH was the biological parameter showing the
strongest correlation with Covid-19 pneumonia CT extent, while
lymphocyte count and CRP were also moderately correlated. Lympho-
cytes <0.8G/L, CRP>80 and LDH>380 were useful to suspect severe
pneumonia with at least 50% of CT-extent (grade 4 or 5). Furthermore,
CRP<22 and LDH<220 were useful to predict mild parenchyma extent
(<10%, grade 0 or 1). We tried to differentiate patients that might have
mild CT involvement or normal CT and those with high CT-extent as
previous literature suggest that patient with lower parenchymal
involvement have better prognosis [14]. Therefore, biological variables
can capture those patients that need closer monitoring versus those that
are less at risk of severe pneumonia. This could be useful in countries
with limited access to CT-scan and to ease the burden on imaging fa-
cilities during the ongoing pandemic. Diagnostic strategy combining
RT-PCR and these biological values could for example help choosing
patients which might benefit the most from CT-scan. Thus, these two
thresholds can aid in decision making ability to allocate the resources in
appropriate manner.

A previous study from J Wu et al. reported weak or moderate cor-
relations between pulmonary infiltration index and lymphocyte count,
monocyte count, CRP, PCT and clinical variables in 80 patients [15], but
the correlation with LDH was not evaluated in this study. Other studies
presented low lymphocyte count as a risk factor for disease progression
in 17 patients [16] and CRP as a predictor of severe form of COVID-19
pneumonia in 27 patients [17]. COVID 19 pneumonia can lead to
Acute Respiratory Distress Syndrome (ARDS) which is characterized by
relatively preserved compliance but higher frequency of thrombotic
events [18]. D-dimers are elevated in case of pulmonary embolism in
COVID-19 patients [19] but increased d-dimer level (greater than 1
pg/mL) has also been already identified as a risk factor for poor
outcome, but this dosage was only available for a minority of our pa-
tients [20]. LDH, an enzyme that catalyzes the conversion of lactate in
pyruvate is increased in case of important tissue damage, e.g. in pneu-
mocystis pneumonia [21]. Therefore, LDH could also be an interesting
biological marker of Covid-19 pneumonia. LDH has been positively
associated with Covid-19 severity in previous studies [13]. Our study
confirms the association between LDH levels and parenchymal extent of
the pneumonia. This could help understand the pathophysiological
biological variations occurring in severe forms of pneumonia caused by
SARS-CoV-2 infection.

These markers of severity could also help predicting disease wors-
ening, which might occur after 7-10 days of evolution [22]. Elevated
PCT, creatinine, amino transferase, cardiac troponin and D-dimers were
also described as risk factors of critical Covid-19 infection [23].

Chest X-ray is an interesting tool when CT-scan is not available, in
particular for critically-ill patients that cannot be moved [24]. However,
determining the extent of Covid-19 pneumonia on X-ray is limited since
the sensitivity for ground-glass opacity is imperfect. Recently published
works studied the use of artificial intelligence as a tool to increase X-ray
diagnostic and prognostic power, which is a great support especially in
places where CT is not readily available [25,26].

Our study presents several limitations. First, almost all included
patients had available blood tests including LDH because they were
hospitalized, with 25% of them being intubated and 16% having fatal
outcome. Our results might not be reproducible for outpatients with less
severe symptoms. However, hospitalized patients are those who are
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Table 2
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Correlations between CT-extent and biological variables (white blood cell count, platelets, CRP, D-dimers, LDH) using Spearman’s coefficient; Lympho = lymphocytes;
Eosino = eosinophils; Baso = Basophils; Mono = Monocytes; Neutro = Neutrophils.

Lympho Eosino Baso Neutro Mono CRP Platelets D-dimers LDH
Absent 0.98 0.05 0.03 4.50 0.66 11.5 219.0 1229 206
Minimal 1.23 0.09 0.02 4.84 0.56 43.5 242.0 1015 254
Moderate 1.06 0.04 0.02 4.58 0.56 77.6 206.6 2166 312
Extended 0.81 0.01 0.01 5.61 0.45 108.4 196.8 4694 395
Severe 0.88 0.02 0.02 6.50 0.40 132.6 234.9 1151 532
Critical 0.51 0.02 0.01 8.06 0.46 212.1 251.8 2535 684
Coeff -0.41 -0.32 -0.22 0.38 -0.25 0.52 0.08 0.19 0.67
p-value <1073 0.001 0.02 <1073 0.008 <1073 0.39 0.08 <1073
LDH CRP Lymphocytes
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Fig. 2. ROC curve analysis of LDH, CRP and Lymphocytes to differentiate “HIGH” (>50%) CT-extent of COvid-19 pneumonia from other patients (“INTERMEDIATE”
and “LOW”, <50%).
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Fig. 3. ROC curve analysis of LDH, CRP and Lymphocytes to differentiate “LOW” (<10%) CT-extent of COvid-19 pneumonia from other patients (“INTERMEDIATE”

and “HIGH”, >10%).

more likely to develop severe forms of the disease. The estimation of
disease extent on CT was based on visual assessment and not quantified
using automated methods, which is prone to interobserver variability,
this is the reason why it was evaluated by an experienced chest radiol-
ogist in our study. Even though the pandemic has affected a large
number of individuals, we could only include 168 patients having

complete blood cell count and LDH dosage in addition to CT, due to the
retrospective design of our study and lack of standardization of biolog-
ical tests during the first wave of the pandemic. Thus, our results need to
be prospectively validated on a larger series.

In conclusion, LDH, CRP and lymphocyte count could be useful to
predict disease extent severity when CT is not available. This could help
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selection of patients requiring closer follow-up and/or early specific
treatment when available.
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