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Lymphocyte-to-C-reactive protein ratio may
serve as an effective biomarker to
determine COVID-19 disease severity

Lenfosit-C-reaktif protein oranı COVID 19
hastalığının şiddetini belirlemede etkili bir
biyobelirteç görevi görebilir
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Abstract

Objectives: We aimed to evaluate the ability of lymphocyte-
C-reactive protein ratio (LCR) to discriminate between diffe-
rent levels of severity of COVID-19 disease.
Methods: This retrospective observational single-center
study was performed on 61 confirmed (PCR positive)
COVID-19 patients between March and June 2020. The study
population was separated into three groups: mild/moderate
(n=24), severe (n=25) and critically ill (n=12). The optimal cut-
off values of the LCR and neutrophil-to-lymphocyte ratio
(NLR) in discriminating between patients with different
severity levels were calculated by applying the receiver ope-
rating curve (ROC) analysis.
Results: At baseline, the LCR decreased significantly across
the three severity groups (mild/moderate > severe > critically
ill). ROC analysis showed that a mean LCR of 43.21 was the

cut-off value which best discriminated patients with the cri-
tically ill disease from severe patients (sensitivity: 84% and
specificity: 69%). The discriminative performance of LCR
(ROC AUC 0.820) was better than that of NLR (0.751) in this
regard. LCR, unlike NLR was able to distinguish severe
patients from mild/moderate patients, with a cut off value of
458.19 (sensitivity: 80% and specificity: 45%).
Conclusion: LCR was observed to be able to distinguish
COVID-19 infected patients of different severity (mild/
moderate, severe and critically ill) andwas superior to NLR
in this regard.

Keywords: COVID-19; lymphocyte-C-reactive protein ratio;
neutrophil-to-lymphocyte ratio; SARS-CoV-2; severity.

Öz

Amaç: Lenfosit-C-reaktif protein oranının (LCR) COVID-19
hastalığının farklı şiddet düzeylerini ayırt etme yeteneğini
değerlendirmeyi amaçladık.
Gereç ve Yöntem: Bu retrospektif, gözlemsel, tek merkez
çalışması Mart ve Haziran 2020 arasında 61 doğrulanmış
(PCR pozitif) COVID-19 hastası üzerinde gerçekleştirildi.
Çalışma popülasyonu üç gruba ayrıldı: hafif/orta (n=24),
şiddetli (n=25) ve kritik hastalar (n=12). LCR ve nötrofil-
lenfosit oranının (NLR) farklı şiddet düzeylerine sahip
hastaları ayırt etmede optimal sınır değerleri, ROC analizi
uygulanarak hesaplandı.
Bulgular: Başlangıç LCR değerinin, hastalık ciddiyetinin
artmasıyla (hafif/orta > şiddetli > kritik hasta) önemli
ölçüde azaldığı görüldü. ROC analizi, 43.21’lik bir ortalama
LCR değerinin, kritik hastalığı olan hastaları ağır hasta-
lardan en iyi ayırt eden kesim değeri olduğunu gösterdi
(duyarlılık:%84 ve özgüllük:%69). LCR’nin ayırt edici
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performansı (ROC AUC 0.820) bu açıdan NLR’den (0.751)
daha iyiydi. NLR’den farklı olarak LCR, 458.19’luk bir
kesimdeğeri (duyarlılık:%80 ve özgüllük:%45) ile şiddetli
hastaları hafif/orta hastalardan ayırt edebildi.
Sonuç: LCR’nin COVID-19 ile enfekte farklı şiddette (hafif/
orta, şiddetli ve kritik hasta) hastaları ayırt edebildiği ve bu
açıdan NLR’den üstün olduğu gözlemlendi.

Anahtar kelimeler: COVID-19; lenfosit-C-reaktif protein;
Oranı; nötrofil-lenfosit oranı; SARS-CoV-2; hastalık şiddeti.

Introduction

Coronavirus Disease 2019 (COVID-19) is a new infectious
disease caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) with clinical symptoms ranging
from asymptomatic forms to the life-threatening acute res-
piratory distress syndrome (ARDS) and sepsis [1, 2]. Since its
first appearance in Wuhan, China in December 2019,
SARS-CoV-2 virushas infectedmore than 13.8millionpeople
worldwide and has caused more than 593,000 deaths as of
July, 18, 2020 [3]. Most patients infected with COVID-19
experience a mild/moderate disease course (80%), while
others experience a severe (15%) or a critical disease course
(5%) generally requiring hospitalization and admission to
an intensive care unit with a higher mortality rate [2].

Therefore, the early detection of severe cases will
provide significant benefits in the management of sup-
portive treatment, which is an opportunity to decrease
morbidity, mortality, length of hospitalization and higher
medical costs [4]. Several previous studies have shown that
the level of viral load detected by using the technique of
reverse transcription-polymerase chain reaction (RT-PCR)
correlates well with the severity of COVID-19 disease [5, 6].
However, this test is not feasible in daily clinical practice,
because of the high rate of false-positives and false-
negatives, and because RT-PCR testing takes time, money
and needs trained personnel to perform it, which are not
available in every medical center [7]. Hence, there is an
urgent need for inexpensive, more simple, rapid, easily
accessible alternatives to viral load level, such as bio-
marker combination ratios, to assess the disease severity.

Since hyper inflammation in COVID-19 disease is
known to be a major reason for poor prognosis of patients,
biomarker combinations reflecting inflammation statusmay
be a good alternative in this regard [8]. For example,
lymphocyte-C-reactive protein ratio (LCR) is a newly deve-
loped biomarker for reflecting inflammation status in cancer
cases, which takes into account lymphocyte counts and
C-reactive protein (CRP) [9]. Since the SARS-CoV-2 viral load

has been highly correlated with lymphocyte count and CRP
value, it was hypothesized that LCR could help predict of
disease severity [5, 10]. To thebest of our knowledge, todate,
only one meta-analysis has been carried out to evaluate the
feasibility of LCR to assess COVID-19 disease severity [11].
Therefore, this study aimed to determinewhether or not LCR
could be useful in the discrimination of COVID 19 cases with
three different levels of severity.

Materials and methods

Patients and study design

This retrospective observational single-center study was conducted in
the Infectious Disease Clinic of a tertiary referral hospital in Turkey. A
total of 61 confirmed (had positive PCR result) COVID-19 patients were
enrolled between March and June 2020.

The study population was separated into three groups: mild/
moderate, severe and critically ill. The mild cases comprised
symptomatic patients with no evidence of viral pneumonia or hypo-
xia, the moderate cases were defined as those with clinical signs of
pneumonia (fever, cough, dyspnea, fast breathing), severe cases were
thosewith themoderate symptomsplus SpO2 ≤90%and/or respiratory
rate >30 breaths/min, and the critically ill cases were as previously
defined plus ARDS and/or sepsis and/or septic shock [2].

Epidemiological and clinical characteristics and laboratory fin-
dings (including neutrophil and lymphocyte counts and C-reactive
protein) were retrospectively obtained from the clinical records.
Patients with a diagnosis of hematological disease were excluded.

Fasting venous blood sampleswere collected via venipuncture from
COVID-19 patients into biochemistry tubes coated with gel for serum
separation. The sampleswere centrifugedat 1,500×g for 10minwithin 1h
after sampling. Whole blood samples were collected into ethylenedia-
minetetraacetic acid (EDTA) containing tubes and studied within 1 h.

The routine blood tests, including lymphocyte and neutrophil
counts, were measured using a Mindray BC6800 device (Mindray
Medical, Shenzhen, China). Serum CRP levels (cut off value 5.0 mg/L)
were determined using a Siemens Dade Behring BN II Nephelometer
(Siemens Healthcare Diagnostics Ltd, Erlangen, Germany).

The LCR was calculated by dividing the lymphocyte count
(number/μL) by the CRP level (mg/dL). The neutrophil-to-lymphocyte
ratio (NLR) was calculated by dividing the absolute neutrophil count
by the absolute lymphocyte count.

The hematology laboratory test results (including neutrophil and
lymphocyte counts) and inflammatory biomarkers (including CRP,
LCR andNLR) on admissionwere compared between the three groups.

Themean values of NLR and LCR at five different time points after
symptom(s) onset (day 1–4, day 5–7, day 8–10, day 11–14, day 15–and-
over) and their trends during the disease course were recorded for the
three different groups.

Statistics

All analyses were carried out using SPSS, version 23 software. The
ShapiroWilk test was applied to examine the distribution normality of
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continuous data. Continuous variables were expressed as medians
and interquartile range values, and categorical variables as the count
(n) and percentages (%). The Kruskal-Wallis and Mann-Whitney
U-tests were used for continuous variables, while the Chi-square or
Fisher exact test was used for categorical variables in the comparisons
between the different groups. The optimal cut-off values of the LCR
and NLR for the differentiation of patients with different disease
severity levels were calculated by applying the receiver operating
curve (ROC) analysis. A value of p<0.05 was considered statistically
significant.

Results

The 61 patients included in the study comprised 36 (59%)
males and 25 (41%) females with a mean age of
58.55 ± 15.94 years (range, 28–92 years). A total of 406
complete blood count (CBC) and CRP test results were
available, taken from 24 mild/moderate patients, 25 severe
patients and 12 critically ill patients. There was no sta-
tistical difference between the groups regarding days from
onset to admission with a median time interval of three
days (p=0.146). The comparison of the baseline clinical
and laboratory characteristics between the three groups is
shown in Table 1. Compared with subjects in the mild/
moderate group, those in the severe and critically ill group
were older (Table 1). As shown in Table 1, the critically ill
group was reported to have significantly lower lymphocyte
counts and significantly higher neutrophil counts than the
other two groups. The CRP level significantly increased
from the mild/moderate group to the severe group, and
from the severe group to the critically ill group (p=0.008
and p<0.001, respectively). The baseline LCR was signifi-
cantly decreased across these three groups, and the NLR

value was significantly higher in the critically ill group
than in the other two groups (Table 1).

As shown in Figure 1 only LCR showed a reasonable
ability to distinguish severe patients from mild/moderate
patients (AUC: 0.635, 95% CI: 0.531–0.740, p=0.015). The
NLR was not able to discriminate these two groups from
each other (p=0.517). The optimal cut off value for the LCR
for the differentiation of mild/moderate patients from
severe patients was 458.19 (sensitivity: 80% and specifi-
city: 45%).

Both LCR and NLR showed a reasonable ability to
distinguish critically ill patients from severe patients,while
LCR had a higher ROC AUC than NLR (0.820, 95% CI:
0.749–0.883, p<0.001 vs. 0.751, 95% CI: 0.675–0.828,
p=0.001) (Figure 1). The optimal cut-off values for the LCR
and NLR to be able to differentiate critically ill patients
from severe patients were 43.21 and 5.92, respectively
(sensitivity: 84%, specificity: 69% vs. sensitivity: 55%,
specificity: 89%).

The LCR on five different days decreased significantly
across the three severity groups (mild/moderate > severe > cri-
tically ill, for all time points). After 8–10 days of symptom
onset LCR levels in the mild/moderate and severe patients
tended to increase, while the level started to decrease in cri-
tically ill patients until it reached the lowest value at days 11–
14 and then increased again (Figure 2).

NLR levels in the mild/moderate and severe patients
were lower than in the critically ill patients within 8–
10 days of symptom onset. Then, NLR levels tended to
decrease in the mild/moderate and severe patients, while
the level started to increase in critically ill patients, reac-
hing peak value at days 11–14 and then decreased
(Figure 2).

Table : Comparison of baseline characteristics of COVID  patients according to the disease severity on admission.

Characteristics Mild/moderate
group (n=)

Severe group
(n=)

Critically ill
group (n=)

p-Value

Overall Mild/moderate
vs. severe

Severe vs.
critically ill

Age  (–)  (–)  (–) <. <. .
Gender, male/female / / / . . .
Hematologic
Lymphocyte (×/L) . (.–.) . (.–.) . (.–.) <. . <.
Neutrophil (×/L) . (.–.) . (.–.) . (.–.) <. . <.

Inflammatory
biomarkers
CRP, mg/L . (.–.) . (.–.)  (.–.) <. . <.
LCR . (.–.) . (.–.) . (.–.) <. . <.
NLR . (.–.) . (.–.) . (.–.) <. . <.

Data expressed as median (interquartile range [IQR]) or n/n. CRP, C-reactive protein; LCR, lymphocyte-C-reactive protein ratio; NLR, neutrophil-
to-lymphocyte ratio. Statistically significant values are indicated by bold font.
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Discussion

Although the main target organ is the lungs, COVID-19 is
now recognized as a multisystemic infection involving
hematological and immunological systems [11, 12]. Since
the prognosis of COVID-19 disease depends on the hema-
tological system response, it is not surprising that changes
can be seen in routine blood tests. Some may be used to
discriminate disease severity [12]. The results of this study
showed that the LCR is able to distinguish COVID-19
infected patients of different severity (mild/moderate,
severe and critically ill) and it is superior to NLR in this
regard. This can be especially useful for the early imple-
mentation of adequate supportive therapy, which will
improve prognosis and reduce hospitalization and related
costs.

LCR is a newly developed inflammatory score, which
reflects the systemic inflammation status in cancer patients
taking into account both lymphocyte counts and CRP [9].
Recently, a meta-analysis by Rangel demonstrated that the
LCR was significantly decreased in severe cases, sugges-
ting that this marker could reflect the severity of COVID-19

disease [11]. Supporting this hypothesis, data from several
studies have revealed that the balance between host-
immune response and hyperinflammatory response plays
a key role in prognosis in COVID-19 disease [13, 14]. The-
refore, lower LCR levels in severe patients could be the
result of fewer lymphocytes leading to immune dysfunc-
tion and higher CRP levels reflecting the severe systemic
inflammatory response of the patients [14, 15].

In the current study both NLR and LCR showed a rea-
sonable ability to discriminate severe and critically ill
patients, but LCRwas superior to NLR. One explanation for
this observation may be that the viral load of the
SARS-CoV-2 virus, which correlates well with the severity
of the disease, has also been shown to be highly correlated
with CRP and lymphopenia in patients with COVID-19
pneumonia [5, 10]. However, it is not known whether the
neutrophil count is directly related to the SARS-CoV-2 viral
load. Taken together, there seems to be some evidence to
indicate that LCR could be superior to NLR for the detection
of COVID-19 disease severity, although further work is
required to confirm this.

Lymphocytes are known to be responsible for elimi-
nating virally infected cells but it is not clear whether

Figure 1: Receiver operating curve (ROC)
curves for the abilities of lymphocyte-
C-reactive protein ratio (LCR) and
neutrophil-to-lymphocyte ratio (NLR) to
distinguish COVID-19 infected patients of
different severity. (A) The abilities to dis-
tinguish between severe and critically ill
disease (0.820, 95% CI: 0.749–0.883,
p<0.001 vs. 0.751, 95% CI: 0.675–0.828,
p=0.001, respectively) (B) The abilities to
distinguish between mild/moderate and
severe disease (AUC: 0.635, 95% CI: 0.531–
0.740, p=0.015 for LCR).

Figure 2: Time-dependent changes in the
levels of (A) lymphocyte-C-reactive protein
ratio (LCR), and (B) neutrophil-to-
lymphocyte ratio (NLR) during the disease
course according to disease severity: Mild/
moderate, severe and critically ill patients.
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neutrophils play a role in anti-viral defense in viral pneu-
monia [16, 17]. Moreover, the presence of neutrophil infil-
trations in the lungs seen only in pneumonia patients with
ARDS, suggesting the presence of critical disease, but not
those without it, supports the view that neutrophils play a
role in antiviral defense in critically ill patients rather than
in severe and mild/moderate patients [17].

NLR is a hematological index that is widely used to
evaluate the severity of bacterial infections, taking into
account neutrophil and lymphocyte counts [18]. Data from
several studies suggest that NLR can help to predict the
severity of COVID-19 disease [1, 15, 19]. However, it is not
clear whether NLR is able to distinguish severe cases from
mild/moderate cases. Sun et al. showed that the NLR could
not discriminate these two groups from each other while
Wang et al. reported that NLR could be a valuable para-
meter in this regard. However, this inconsistency in
reported results may be due to Wang et al.’s findings
having been somewhat limited by the small sample size,
particularly in the severe group (n=10) [1, 15].

The differentiation of severe patients from mild/
moderate patients is essential for adequatemanagement of
the disease which may prevent unnecessary hospitaliza-
tion and decrease delayed treatment, which is associated
with mortality risk because of silent hypoxia in severe
cases [20, 21]. In the current study, it was observed that only
LCR showed a reasonable ability to distinguish mild/
moderate patients from severe patients, while the NLR was
not able to discriminate these two groups from each other.

Consequently, in the present study, the NLR was not
able to distinguish mild/moderate patients from severe
patients, although it showed a reasonable ability to dis-
tinguish severe patients from critically ill patients. These
results suggest that NLR may only be useful in identifying
critically ill COVID-19 cases. These results also indicated
that perhaps LCR could be used to triage patients with
COVID-19 disease more effectively. However, further stu-
dies with larger patient series are warranted to confirm
these results.

Finally, it was observed that patients with critically ill
disease presented with a decreased LCR and an increased
NLR both on admission and during the course of the
disease comparedwith severe andmild/moderate patients.
These results may be explained by the fact that critically ill
patients have a significantly higher baseline viral load,
which persists for a significantly longer time and may
result in a more severe inflammatory process than patients
with mild/moderate or severe disease [6, 22].

Moreover, the LCR found to be lower in severe patients
than in mild/moderate patients on admission and at dif-
ferent time points with a similar trend of decreasing,

whereas the NLR of severe patients were similar to those of
mild/moderate patients. One reason for this difference
between LCR and NLR trends may be that the relatively
higher level of viral load in severe patients could contribute
to the lower levels of lymphocyte counts and higher levels
of CRP, compared to mild/moderate patients [5, 6, 10, 23].
In contrast, patients with the severe disease did not signi-
ficantly differ from patients with mild/moderate disease in
terms of neutrophil counts [15].

A recent study by Zheng et al. demonstrated that
patients with severe disease have a later viral load peak as
compared to those with mild disease [22]. Other recent stu-
dies have also suggested a correlation between virus per-
sistence and poor disease outcomes [24, 25]. Consistent with
the reported trend of SARS-CoV-2 viral load, it was observed
in the current study that LCR in the critically ill group
remained low, while these values returned to normal more
quickly inmild/moderate and severe patients [15]. Therefore
it was speculated that dynamic observation of the LCR was
relevant to SARS-CoV-2 viral load which could help to pre-
dict the disease severity in COVID-19 patients. Together,
these results indicate that LCRmay be a better alternative to
viral load in determining disease severity than NLR.

This study was limited by the retrospective design and
small sample size. Another source of uncertainty was the
potential role of the patient comorbidities and treatments
(such as antivirals) on blood routine parameters. Larger
prospective studies with adjustment for these confounding
factors warranted determining whether these results have
any clinical implications.

Conclusion

LCR seems to be superior toNLR in determining the severity
of COVID 19 disease. Moreover, the lower LCR levels and
delay in increasing LCR could indicate the presence of
critically ill disease in patients infected with COVID-19.
These results also indicated that perhaps LCR-guided
triage could be used to reduce hospitalization rates in
patients with COVID-19 disease. Nevertheless, further stu-
dies are required.
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