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Em um momento em que há uma emergência mundial de 
saúde pública, é fundamental que o  conhecimento científico ge-
rado durante a pandemia chegue rapidamente à classe médica 
classe médica. 

Dentro desta dinâmica a Revista da Associação Médica Brasi-
leira (Ramb) está adotando uma série de medidas a fim de acelerar 
o processo editorial para publicação de artigos sobre a Covid-19.  
A partir de hoje (14/04/2020), a AMB publicará o Boletim Ramb 
Covid-19, que antecipará os artigos científicos selecionados pelos 
editores da Ramb sobre o tema.

“Os artigos foram escritos por especialistas e selecionados den-
tro dos critérios da Ramb para esclarecer temas fisiopatológicos, 
assim como oferecer orientações de prevenção e tratamento da 
doença. Dessa forma, esperamos colaborar com os médicos para 
o melhor atendimento aos seus pacientes, com a disponibilidade 
mais ágil desses artigos, antes de sua publicação na Ramb”, co-
menta Carlos Serrano Jr., editor-chefe da Ramb.

Para o diretor científico da AMB, Antonio Carlos Palandri Cha-
gas, “neste momento ímpar vivido no mundo por conta da pan-
demia de Covid-19, a AMB cumpre seu papel de estar levando 
à comunidade científica brasileira os recentes artigos sobre os 
mecanismos fisiopatológicos e aspectos clínicos relevantes dessa 
situação que assola a saúde pública”.

Antonio Carlos Palandri Chagas

Carlos Serrano Jr.

R E V I S TA  DA  A S S O C I AÇÃO  M É D I CA  B R A S I L E I R A
J O U R N A L  O F  T H E  B R A Z I L I A N  M E D I CA L  A S S O C I AT I O N
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INTRODUCTION
Coronaviruses (CoVs) are single-chain, 
enveloped RNA viruses. They do not con-
tain the RNA polymerase enzyme; how-
ever, they encode this enzyme in their 
genome. They are defined as CoV due to 
the protrusions on their surface (Latin: 
corona=crown)1. Coronaviruses belong 
to the Orthocorona-virinae sub-family 
and are classified as four types (alpha, 
beta, gamma, and delta CoVs) and mul-
tiple subspecies. Coronavirus 2019 is 
within the beta-coronavirus 2b strain. 
The genomes of the beta-coronaviridae 
were shown to be closely related to the 
bat SARS-like coronavirus². This type 
of virus may be found in humans, bats, 
pigs, cats, dogs, remnants, and winged 
animals³. Coronaviruses are a large virus 
family that may lead to self-limited, mild, 
and common infections like the common 
cold, and also more severe infections like 
Severe Acute Respiratory Syndrome 
(SARS)4 and Middle East Respiratory 
Syndrome (MERS)5. These viruses may 
lead to clinical conditions with various 
degrees of respiratory, enteric, hepatic, 
nephritic, and neurological involvement.

Pneumonia cases with unknown 
etiology and of suggested viral ori-
gin were reported in Wuhan, Hubei, 
China on 31 December 2019. The 
virus was shown in workers of the 
seafood wholesale market where 
different animal types are sold. The 
patients exhibited fever, dyspnea, 
cough, and, radiologically, bilateral 
pneumonic infiltrations6. Death usu-
ally occurred in individuals who were 
elderly or who had comorbid systemic 
diseases (hypertension, diabetes mel-
litus, cardiovascular diseases, cancer, 
chronic pulmonary diseases, and other 
immune-suppressive conditions)7,8.

The pathophysiology of the high 
pathogenicity of this unusual highly 
contagious SARS-CoV2 could not be 

SUMMARY
OBJECTIVE: The present study aimed to investigate the role of neutrophil/lymphocyte ratio (NLR), an 
inflammation marker, complete blood count, and biochemical parameters in the diagnosis of COVID-19.
METHODS: A total of 80 patients who had been hospitalized in the internal medicine clinic were enrolled 
in the study. The cases were allocated into two groups, i.e., COVID (+) and (-), based on real-time reverse 
transcription-polymerase chain reaction. The demographic, clinical, and laboratory [NLR, platelet/
lymphocyte ratio (PLR), complete blood count, biochemistry, and serology] data of the patients were 
retrospectively obtained from the hospital data management system.
RESULTS: NLR and fever levels were found to be higher in COVID-19 (+) cases (P=0.021, P=0.001, 
respectively). There was no difference between males and females with regard to COVID-19 positivity 
(P=0.527). Total bilirubin levels were found to be lower in COVID-19 (+) cases (P=0.040). When the 
ROC analysis was carried out for NLR in COVID-19 (+) cases, the AUC value was found to be 0.660 
(P=0.021), sensitivity as 69.01 %, specificity as 65.40 %, LR+: 1.98 and LR- : 0.48, PPV: 80.43, and NPV: 
50.00, when the NLR was ≥2.4. The risk of COVID-19 was found to be 20.3-fold greater when NLR was 
≥ 2.4 in the logistic regression (P=0.007).
CONCLUSION: NLR is an independent predictor for the diagnosis of COVID-19. We also found that 
fever and total bilirubin measurements could be useful for the diagnosis of COVID-19 in this population.
KEYWORDS: Coronavirus Infections. Coronavirus. Fever. Lymphocytes. Neutrophils.3+q

RESUMO
OBJETIVO: O objetivo do presente estudo foi investigar o papel da razão neutrófilos/linfócitos (RNL), um 
marcador de inflamação, hemograma completo e parâmetros bioquímicos no diagnóstico de COVID-19.
MÉTODOS: Um total de 80 pacientes internados na clínica médica foram incluídos no estudo. Os casos 
foram alocados em dois grupos, COVID (+) e (-), de acordo com a reação em cadeia da polimerase 
com transcrição reversa em tempo real. Os dados demográficos, clínicos e laboratoriais [NLR, relação 
plaquetas / linfócitos (PLR), hemograma completo, bioquímica e sorologia]) dos pacientes foram obtidos 
retrospectivamente no sistema de gerenciamento de dados hospitalares.
RESULTADOS: Os níveis de NLR e febre foram maiores nos casos de COVID-19 (+) (P = 0,021, P = 
0,001,respectivamente). Não houve diferença entre homens e mulheres em relação à positividade para 
COVID-19 (P = 0,527). Os níveis totais de bilirrubina foram menores nos casos de COVID-19 (+) (P = 
0,040). Quando a análise ROC foi realizada para NLR nos casos COVID-19 (+), o valor da AUC foi de 
0,660 (P = 0,021), sensibilidade 69,01%, especificidade 65,40%, LR +: 1,98 e LR-: 0,48 , PPV: 80,43 e 
NPV: 50,00 quando o NLR era> 2,4. The risk of COVID-19 was found to be 20.3-fold greater when NLR 
was ≥ 2.4 in the logistic regression (P=0.007).
CONCLUSÃO: NLR é um preditor independente para o diagnóstico de COVID-19. Também con-
cluímos que aferições de febre e bilirrubina total podem ser úteis para o diagnóstico de COVID-19 
nesta população.
PALAVRAS-CHAVE: Infecções por Coronavirus. Coronavirus. Febre. Linfócitos. Neutrófilos.
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fully understood yet. Inflammation 
plays an important role in infec-
tious diseases. Accumulating evi-
dence has shown the importance of 
inflammation in the progression of 
viral pneumonia, including in coro-
navirus disease 2019 (COVID-19) 

cases8. Pro-inflammatory cytokines 
have been shown to increase in sera 
of patients with pulmonary inflam-
mation9. The white blood cell (WBC) 
count, neutrophil, lymphocyte count, 
neutrophil/lymphocyte ratio (NLR), 
and platelet/lymphocyte ratio (PLR) 
are markers of systemic inflamma-
tion10,11. These markers are useful 
predictors for the prognosis and fol-
low-up of patients with viral pneumo-
nia. NLR is a very useful, rapid, and 
inexpensive indicator, the significance 
of which has been shown in bacterial 
pneumonia12 and viral infections13.

This retrospective, single-center 
study was conducted to investigate 
the complete blood count parameters, 
NLR, PLR, C-reactive protein (CRP), 
and the other infection bio-markers 
and biochemical data of a total of 80 
COVID-19 positive and negative cases.

METHODS
A total of 80 patients who had been hos-
pitalized at the medical clinic between 
01 April 2020 and 25 April 2020 and 
tested for COVID-19 with real-time 
reverse transcription-polymerase chain 
reaction (rRT-PCR) were enrolled in 
the study. The nasal and pharyngeal 
swabs of all patients were obtained. 
Isolated patient samples that were 
obtained with VNAT viral transport 
and brought to the molecular virology 
laboratory were examined using the 
Biospedy (Bioeksen, Turkey) rRT-PCR 
kit provided by the Ministry of Health 
of Turkey. The patients whose rRT-PCR 
results were positive were regarded as 
COVID-19 (+), and those whose rRT-
PCR results were negative twice with 
a 48-hour interval were regarded as 
COVID-19 (-). Hospital records (demo-
graphic, clinical, and laboratory data) 
of the cases above 18 years were ana-
lyzed retrospectively. The patients were 

divided into two groups, i.e., COVID-19 
(+) and COVID-19 (-). Neutrophil, lym-
phocyte, platelets, MPV, hemoglobin, 
and CRP values of all patients were 
recorded, and the NLR and PLR val-
ues were calculated. The reports from 
the thoracic computed tomographies 
were obtained from the data manage-
ment system. Serum urea, creatinine, 
total cholesterol, triglyceride, low-den-
sity lipoprotein (LDL)-cholesterol, 
high-density lipoprotein (HDL)-cho-
lesterol, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), 
and albumin were analyzed using the 
kinetic alkaline picrate method with 
the Architect C 16000 (Abbott) device 
at the biochemistry laboratory of the 
hospital. The complete blood count 
parameters were examined with the 
Celldyn 3700 device. Ethics committee 
approval was obtained from the Minis-
try of Health of the Turkish Republic 
and the Sakarya University Medical 
School (No: 715224737050.01.04/131; 
April 04, 2020).

STATISTICAL ANALYSIS
Data analysis was performed by using 
statistical software (SPSS, version 
10.0 [SPSS Inc, Chicago, IL]. Normally 
distributed data were compared by 
one-way analysis of variance, and 
non–normally distributed data were 
compared via the Mann-Whitney U 
test. Categorical associations were 
evaluated by using the χ2 test and 
multiple logistic regression. The good-
ness of fit was determined by using 
the Nagelkerke R2 and Hosmer-Le-
meshow goodness-of-fit test. The 
performance of NLR was assessed 
using receiver operating character-
istic (ROC) curve analysis and by 
calculating the area under the curve 
(AUC) of the ROC curves. Statistical 
significance was defined as P ≤ 0.05.

RESULTS
Of the total 80 patients, 39 (49%) were 
females and 41 (51%) were males. 
COVID-19 was determined to be pos-
itive in 54 out of the 80 cases (67.5%). 
The mean age (SD) was 53 (18) years 

for COVID-19 (+) patients and 60 (14) 
for COVID-19 (-) patients, and the dif-
ference was not statistically signifi-
cant (F=3.029; P=0.086). Similarly, 
there was no difference between the 
groups concerning gender (χ2 =0.400 
P=0.527). Fever was present in 41% 
of COVID-19 (+) cases. There was a 
significant difference between the 
groups concerning HDL-cholesterol 
values (F=4.984; P=0.031). The rates of 
fever, lactate, and ferritin levels were 
significantly higher in COVID-19 (+) 
cases compared to COVID-19 (-) cases 
(Mann-Whitney U=390.0, P<0.001; 
152.0, P=0.040; 202.5, P=0.046; 
396.0, P=0.008, respectively). The 
rates of total bilirubin level were sig-
nificantly lower in COVID-19 (+) cases 
(Mann-Whitney U=152.0, P=0.040). 
While the NLR, PLR, and CRP values 
were significantly higher (Mann-Whit-
ney U 477.5, P=0.021; 508.0, P=0.046; 
448.5, P=0.012, respectively), the lym-
phocyte count was significantly lower 
(Mann-Whitney U 419.0, P=0.004) 
in COVID-19 (+) cases compared to 
COVID-19 (-) cases. There was no dif-
ference between COVID-19 (+) and (-) 
cases concerning WBC, neutrophil, 
platelet count, MPV, and procalcitonin. 
The demographic and laboratory char-
acteristics of patients infected with 
and without COVİD-19 are shown in 
Table - I. The mean neutrophil/lym-
phocyte ratio and fever in COVID-19 
(+) and (-) cases are displayed in Figure 
1. The effect of NLR on the diagnosis 
of COVİD-19 was analyzed by ROC 
curve and AUC and was found to be 
significant (AUC:0.660; P=0.021, 95% 
CI 0.538 to 0.783) (Fig.2). Sensitivity, 
specificity, positive predictive value, 
negative NPV, LR+, LR- values, and the 
disease prevalence for NLR ≥ 2.4 were 
69.01%, 65.40%, 80%, 50%, 1.98, 0.48 
and 67.5%, respectively. The effect of 
fever on the diagnosis of COVİD-19 was 
analyzed by ROC curve and AUC and 
was found to be significant (AUC:0.722; 
P=0.001, 95% CI 0.606 to 0.838). Sen-
sitivity, specificity, positive predictive 
value, negative NPV, LR+, LR- values, 
and the disease prevalence for fever ≥ 
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TABLE 1. DEMOGRAPHIC AND LABORATORY CHARACTERISTICS OF PATIENTS INFECTED WITH 
AND WITHOUT COVID-19.

Indicators COVİD-19 (+) n=54 COVİD -19 
(-) n=26

P-value

Mean age (SD), year 53(18) 60(14) 0.086
Men 29 12 0.635
Women 25 14 0.347
Lymphocyte (IR),K/uL 1.3(0.7) 2.0(1.0) 0.004
NLR median (IR) 4.7(2.8) 2.9(1.7) 0.021
Platelet (IR), K/uL 183(21) 221(43) 0.681
MPV (SD), fl 9(1.3) 9.2(1.1) 0.987
Hemoglobin (SD), 
gr/dL

12.4(1.7) 11.5(1.8) 0.033

PLR median (IR) 141(22)  0.046
Kreatinin mg/dL 0.8(0.6) 0.6(0.4) 0.703
Total Cholesterol (SD), 
mg/dL

151(34) 158(49) 0.197

Triglycerides (IR), mg/
dL

115(45) 80(23) 0.120

Low-density lipopro-
tein (SD), mg/dL

95(24) 109(29) 0.099

High-density lipopro-
tein (SD), mg/dL

30(9) 38(14) 0.031

Alanine aminotransfer-
ase (IR), U/L

33(27) 25(22) 0.170

Aspartate (IR), U/L 33(9) 28(8) 0.015
Albumin (SD), mg/dL 3.4(0.5) 3.4(0.6) 0.934
Protrombin zamanı 
(SD), s

12.7(1.4) 12.3(1.2) 0.304

INR (IR) 1.2(0.3) 1.0(0.2 0.016
Activated partial 
thromboplastin time 
(SD) , s

25(2.8) 26(3.4) 0.567

LDH (IR), U/L 322(17) 211(15) 0.016
Creatine kinase (IR), 
U/L

64(14) 71(18) 0.039

Ferritin(IR) µg/L 503(131) 108(51) 0.008
Total bilirubin (IR)
mg/dL

0.64(0.1) 0.9(0.2) 0.040

d-Dimer (IR), ugFEU/L 633(176) 570(150) 0.934
CRP (IR) mg/L 89(88) 3.1(1.1) 0.012
Procalcitonin (IR) 0.09(0.2) 0.05(0.1) 0.945
Laktat (IR) mmol/L 1.7(1.5) 1.4(1.1) 0.046
Thorax computorize 
tomography (typical 
viral pneumonia sign)

10 2 0.204

36.8 were 66.67%,76.92%, 86%, 43%, 
2.98, 0.43 and 67.5%, respectively.

We built a logistic regression model 
including NLR ≥ 2.4, temperature≥ 
36.8, and serum total bilirubin as free 
predictors of a Covid-19 positive diag-
nosis. According to our model, the odds 
ratio for a covid-19-positive result was 
20.3 and 10.5 when NLR was >2.4 and 
temperature was >36.8 (B=3.011, Stan-
dart Error=1.324, Wald=5.170, Odds 
ratio=20.3, P=0.023 for NLR; B=2.356, 
Standart Error=1.079, Wald=4.768, 
Odds ratio=10.5, P=0.029 for fever 
and B=-7.726, Standart Error=3.141, 
Wald=6.049, Odds ratio=0.0, P=0.014 
for serum total bilirubin). The decrease 
of total serum bilirubin was significant 
for a covid-19-positive result, but with-
out affecting the odds ratio. Nagelk-
erke R² was 65%.

DISCUSSION
In the present study, we reported 
the cohort of 54 COVID-19 (+) cases 
and 26 COVID-19 (-) cases confirmed 
with laboratory tests. NLR and fever 
were found tobe significantly higher 
in COVİD-19 cases. Total bilirubin lev-
els were found to be lower in COVİD-
19 cases. There was no difference 
between COVID-10 (+) and (-) cases 
concerning age and gender.

Fever is among the most important 
clinical manifestations of CoV infec-
tions. In a study reported in the Lan-
cet, fever was detected in 83% of the 
cases with COVID-19 pneumonia14; this 
rate was found to be 43.8% in another 
study7. The rate of fever was found to 
be 41% in our study. If the definition 
of case surveillance is mainly focused 
on the detection of fever, patients may 
be overlooked in the absence of fever, 
since fever was not detected in about 
half of the patients at the beginning. 
We determined a significant difference 
between COVID-19 (+) and (-) cases con-
cerning fever. The risk of COVID-19 
was found to be 10.5-fold greater when 
the fever was ≥36.8 degrees. Fever and 
CRP are not only systemic markers of 
inflammation but also mediators of 
inflammatory factors15. CRP was found 

to be high in COVID-19 patients in a 
previous study16. We also found CRP 
to be significantly high in our study.

The decrease of total serum biliru-
bin was significant for covid-19-positive 
results but without affecting the odds 
ratio. Also, AST levels were signifi-
cantly higher in COVİD-19 cases; how-
ever, this increase was not observed for 
ALT. This was compatible with a study 
in China17,18. This elevation may be 

related to viral load and changes in the 
liver synthesis capacity. Other causes 
of changes in liver function include 
ACE2-mediated direct viral infection 
of hepatocytes or critically-ill status 
and immune-mediated injury.

Thrombocytopenia is another 
pathological finding that could be 
detected in a complete blood count19. 
Thrombocytopenia was detected 
in our study, consistent with the 
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previous study; furthermore, PLR was 
significantly high. The platelet count, 
dynamic changes during treatment, 
and PLR were a source of concern in 
severe COVID-19 pneumonia cases. It 
was interpreted that PLR could serve 
as a novel indicator of the degree of 
cytokine storm20.

In a study conducted in China, no 
difference was found between severe 
and moderate cases concerning the 
WBC count in the correlation analy-
sis, and lymphopenia was reported 
to develop when the WBC count was 
normal21. Consistent with the previ-
ous study, we detected lymphopenia 
when the WBC and the neutrophil 
count were normal in hospitalized 
COVID-19 cases.

A decrease was determined in 
the peripheral blood lymphocyte 
count of critically ill COVID-19 
patients9,14,16. Immune cells infiltrate 
the lungs and lead to unexplained 
severe lung infections4. In a study, 
the lymphocyte count was found to 
be <1.0x109/L (9). We found the lym-
phocyte value as 1.3x109/L, consis-
tent with the previous studies.

The human immune response is 
created by lymphocytes triggered by 
viral infections22. Systemic infections 

suppress cellular immunity. The 
novel coronavirus may mainly act 
on lymphocytes, especially T lym-
phocytes23. The total lymphocytes, 
CD4+ T cells, CD8+ T cells, B cells, 
and NK cells decreased in COVID-
19 patients, and severe cases had 
lower levels of these cells than mild 
cases22,24. Therefore, CoV-induced 
inflammation-related lymphopenia 
increased NLR. In the only study 
conducted before ours, the optimal 
threshold of 3.3 for NLR showed a 
superior prognostic possibility of 
clinical symptoms for change from 
mild to severe7. Our study was 
among the first studies in the lit-
erature. We found NLR to be high 
and the likelihood of COVID-19 was 
20-fold greater when NLR was ≥2.4.

The results of rRT-PCR can be 
obtained in hours; hence the diagno-
sis and treatment may be delayed. 
The shortcomings of the PCR method 
due to false positive/false negative 
results from insufficient sampling, 
insufficient laboratory facilities due 
to the pandemic, samples collected 
too early or too late, and the binding 
sites of primer/probe couples used in 
the rRT-PCR lead to some difficulties 
in the diagnosis25. However, NLR is 

a rapid, inexpensive, and useful indi-
cator that could be estimated via the 
complete blood count. The clinical use 
of NLR has been shown in bacterial 
pneumonia12 and viral infections13. 
The surveillance of NLR and lympho-
cyte subsets is helpful in the early 
screening of critical illness, diagnosis, 
and treatment of COVID-1917.

The COVID-19 pandemic may 
spread rapidly from human-to-human. 
The clinical characteristics of the dis-
ease vary among patients. The sever-
ity of the condition may be related to 
the number of immune cells.

CONCLUSION
In conclusion, we found that NLR 
was significantly elevated in COVID-
19 patients. We also provided a cut-
off for this readily available test 
and showed that patients with NLR 
≥2.4 were 20.5 times more likely to 
have COVID-19 compared to patients 
whose NLR was ≤2.4. Similarly, the 
likelihood of COVID-19 was 10.5-fold 
greater when fever was ≥36.8 °C. 
This study indicates that high fever 
and NLR are independent biomarkers 
for COVID-19 patients. Our findings 
may also help in the early diagnosis 
of COVID-19.

FIGURE 1. MEAN NEUTROPHIL TO LYMPHOCYTE RATIO TEMPERATURE 
IN PATIENTS WITH AND WITHOUT COVID-19.

FIGURE 2. RECEIVER OPERATING CHARACTERISTIC CURVE  
FOR NEUTROPHIL TO LYMPHOCYTE RATIO IN PATIENTS WITH  
OR WITHOUT COVID-19.
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