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Abstract

Objectives: All SARS-CoV-2-positive persons in Iceland were prospectively moni-

tored and those who required outpatient evaluation or were admitted to hospital

underwent protocolized evaluation that included a standardized panel of biomarkers.

The aim was to describe longitudinal changes in inflammatory biomarkers throughout

the infection period of patients with COVID-19 requiring different levels of care.

Design: Registry-based study.

Setting: Nationwide study in Iceland.

Patients: All individuals who tested positive for SARS-CoV-2 by real-time polymerase

chain reaction (RT-PCR) from February 28 to December 31, 2020 in Iceland and had

undergone blood tests between 5 days before and 21 days following onset of

symptoms.

Measurements and Main Results: Data were collected from the electronic medical

record system of Landspitali–The National University Hospital of Iceland. Data ana-

lyses were descriptive and the evolution of biomarkers was visualized using locally

weighted scatterplot smoothing curves stratified by the worst clinical outcome expe-

rienced by the patient: outpatient evaluation only, hospitalization, and either inten-

sive care unit (ICU) admission or death. Of 571 included patients, 310 (54.3%) only

required outpatient evaluation or treatment, 202 (35.4%) were hospitalized, and

59 (10.3%) were either admitted to the ICU or died. An early and persistent separa-

tion of the mean lymphocyte count and plasma C-reactive protein (CRP) and ferritin

levels was observed between the three outcome groups, which occurred prior to

hospitalization for those who later were admitted to ICU or died. Lower lymphocyte

count, and higher CRP and ferritin levels correlated with worse clinical outcomes.

Patients who were either admitted to the ICU or died had sustained higher white

blood cell and neutrophil counts, and elevated plasma levels of procalcitonin and

D-dimer compared with the other groups.

Conclusions: Lymphocyte count and plasma CRP and ferritin levels might be suitable

parameters to assess disease severity early during COVID-19 and may serve as pre-

dictors of worse outcome.
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Editorial Comment

Prediction of the severity of COVID-19 early after infection could strengthen the timing of

treatment and enable individual and early treatment. Here, assessment of standard markers of

inflammation (lymphocyte count, CRP, and ferritin) when the first symptoms were reported was

associated with risk for later severity and outcome. The results from this unique nationwide

cohort could be helpful in development of prediction models for COVID-19 severity.

1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2), is an ongoing global pandemic.

The clinical manifestations are varied, ranging from asymptomatic infec-

tion to severe illness characterized by pneumonia and coagulopathy.1,2

Severe COVID-19 can be associated with an unregulated proinflammatory

immune response that can result in acute respiratory distress syndrome

and multiorgan failure.3 Dexamethasone, a potent anti-inflammatory

agent, has been shown to reduce mortality in severely ill patients.4

Elevated plasma levels of inflammatory biomarkers and lowered

lymphocyte counts in peripheral blood are common in patients with

COVID-19.5 Two studies from China that examined longitudinal

changes in inflammatory biomarkers in hospitalized patients with

COVID-19 found marked differences in levels of disease severity and

concluded that specific parameters may serve as predictors of disease

progression. Both studies included only hospitalized patients and used

the day of hospital admission as reference time point.6,7 There is cur-

rently a lack of studies examining longitudinal changes in biomarkers in

nonhospitalized patients and in the earlier stages of COVID-19.

At the onset of the local epidemic, Icelandic authorities imple-

mented robust public health measures, which included extensive diag-

nostic testing using real-time reverse transcription polymerase chain

reaction (RT-PCR) and the establishment of Covid-19 Outpatient

Clinic at Landspitali–The National University Hospital of Iceland

(LUH), which was tasked with providing care for all persons with a

documented SARS-CoV-2 infection.8 Several RT-PCR testing strate-

gies were implemented, including testing based on clinical suspicion,

open-invitation population screening and screening at the border

upon arrival to the country. Population-based seroprevalence studies

later confirmed that the majority of infections were detected by these

programs.9,10 All individuals who tested positive for SARS-CoV-2

were enrolled into telehealth monitoring at the COVID-19 Outpatient

Clinic where standardized interviews were carried out to guide the

assessment of disease severity. Patients with concerning or worsening

symptoms were referred for in-person evaluation, which included a

standardized panel of blood tests.8 This panel was also obtained for all

patients who were admitted to hospital.

The aim of this study was to describe longitudinal changes in

inflammatory biomarkers throughout the acute phase of COVID-19 in

patients requiring different levels of care. Our hypothesis was that

there would be an early and sustained separation of a subset of

inflammatory markers between patients who required outpatient care

only and those who became more severely ill.

2 | METHODS

2.1 | Ethics statement

This study was approved by the National Bioethics Committee of

Iceland in Reykjavik (NBC-20-078) and the Landspitali–The National

University Hospital Institutional Research Committee, waiving individ-

ual consent.

2.2 | Participants

This registry-based descriptive study included all persons who tested

positive for SARS-CoV-2 by RT-PCR in Iceland between February

28 and December 31, 2020 and underwent blood tests between

5 days before and 21 days after the onset of symptoms.

Cases were identified by three testing strategies; targeted testing

based on clinical suspicion, open-invitation population screening and

border screening. Among those who were RT-PCR positive for SARS-

CoV-2 at border screening, active infection was determined by an

infectious disease specialist based on the presence of symptoms, cycle

threshold value of the RT-PCR test, result of a repeated RT-PCR test

and the presence of antibodies against SARS-CoV-2.

Individuals were excluded if an active infection was ruled out dur-

ing initial assessment, if they never required in-person evaluation or

hospital admission during telehealth monitoring, or if the date of

symptom onset was missing (Figure 1).

2.3 | Data collection

Data collected consisted of de-identified data from the LUH elec-

tronic medical record system. All SARS-CoV-2-positive persons who

were considered to have an active infection were enrolled into a tel-

ehealth service at the COVID-19 Outpatient Clinic and followed

until the end of their isolation period, discharge from hospital or

death.8 During telehealth monitoring, clinical features were docu-

mented prospectively using standardized data entry forms. Clinical

assessment upon outpatient evaluation or hospitalization included a

standardized panel of blood tests, which included complete blood

count (CBC), biochemical parameters, and several inflammatory

biomarkers.

Demographic and clinical data were obtained from the standard-

ized data entry forms used by the COVID-19 Outpatient Clinic and
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were supplemented by information on clinical care, including labora-

tory results and administered treatments, which was obtained from

LUH electronic medical record system. The date of symptom onset

was collected from the standardized data entry forms. However, if the

date was missing from the data entry form, then it was retrieved from

physician notes in the medical records. For this study, the following

inflammatory biomarkers were examined: the white blood cell (WBC)

count, neutrophil count, lymphocyte count and platelet count in

peripheral blood, erythrocyte sedimentation rate (ESR), and plasma

levels of C-reactive protein (CRP), procalcitonin (PCT), ferritin, and D-

dimer.

Comorbidities were identified using the combination of the Inter-

national Classification of Diseases, tenth revision diagnosis codes

(recorded in any of the following three population-based sources:

LUH electronic medical record database (from 2009), the Register of

Primary Health Care Contacts (from 2004), and the Register of Con-

tacts with Medical Specialists in Private Practice (from 2010)), and a

filled prescription for a drug used in the treatment of the condition

filled within the preceding 13 months of the positive RT-PCR test.

Data on all filled drug prescriptions were collected from the Prescrip-

tion Medicines Register. Detailed definition of each comorbidity can

be found in Table S1.

All patients were classified into three groups based on the most

severe clinical outcome experienced during follow-up: outpatient visit

only, hospitalization, and intensive care unit (ICU) admission or death

due to COVID-19.

2.4 | Statistical analyses

Statistical analyses were descriptive and performed using RStudio,

version 1.4.1103 (RStudio Inc), run by R Statistical Software, version

4.0.4 (R Foundation for Statistical Computing). Categorical variables

were summarized as frequencies and continuous variables as medians

along with range and interquartile range (IQR). Longitudinal changes

in inflammatory parameters from the date of symptom onset were

visualized using locally weighted scatterplot smoothing (LOWESS)

curves, which were compared by the worst clinical outcome experi-

enced by patients. In the subset of patients who were later hospital-

ized or admitted to ICU, LOWESS curves were visualized with

reference to the date of hospital and ICU admission. Boxplots were

used for assessment of distribution of minimum and maximum values

of inflammatory parameters between groups.

3 | RESULTS

3.1 | Study population

A total of 649 SARS-CoV-2-positive persons had a blood test per-

formed during the study period, of whom 571 were included in the

study. Of those, 310 (54.3%) required only outpatient evaluation,

202 (35.4%) were hospitalized, and 59 (10.3%) were either admitted

to ICU or died (Figure 1). The median age was 57 years (IQR, 42–70),

All individuals who tested posi�ve for SARS-
CoV-2 by RT-PCR in Iceland between
February 28 and December 31 2020,

and had blood tests performed between
five days before and 21 days a�er

symptom onset. (n = 649)  

Exclusively enrolled 
into telehealth 

monitoring 
(n=77)

Ac�ve infec�on 
excluded

(n=1)

Included in study 
(n=571)

Outpa�ent visit 
only

(n=310)

Hospitaliza�on
(n=202)

ICU admission 
or death 
(n=59)

F IGURE 1 Flowchart illustrating
selection of patients for the study
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and was higher among those experiencing more severe clinical out-

comes. The majority of the patients were female (N = 314, 55.0%),

although patients who were hospitalized, or admitted to the ICU or

died were predominantly male (n = 257, 67.8%). Almost half of the

study population had one or more documented comorbidities

(n = 263, 46.1%), such as hypertension (31.3%), chronic kidney dis-

ease (15.4%), cardiovascular disease (13.0%), and diabetes mellitus

(10.9%). A total of 97 patients were treated with systemic cortico-

steroids with a notable change in practice occurring on June

22, 2020,4 after which a markedly higher proportion of patients who

were admitted to the ICU or died received such treatment (73.3%

vs. 13.8%).

The results of the CBC varied between outcome groups (Table 1).

In patients who were admitted to ICU or died, the total number of

WBC, neutrophils, and platelets were markedly elevated, while lym-

phocyte counts were decreased, compared with the other outcome

groups. A similar difference was observed in inflammatory and coagu-

lation markers between outcome groups, with higher levels of ESR,

CRP, ferritin, and D-dimer associated with worse clinical outcomes

(Table 1). Moreover, a similar difference was observed for a subset of

inflammatory markers when stratified by age and comorbidities

(Table S2). The proportion of patients who had abnormal levels of bio-

markers in their first blood sample varied considerably by their final

outcome (Table 2). The distribution of biomarkers by group is shown

in Figures S1 and S2.

3.2 | Longitudinal changes in inflammatory
parameters

The longitudinal changes in inflammatory biomarkers throughout

the acute infection phase for the three outcome groups are shown

in Figure 2 (see also Figures S3 and S4). Both the mean total WBC

and neutrophil counts increased between the 8th and the 14th day

of symptomatic disease in all patients. Compared with other out-

come groups, patients who were later admitted to the ICU or died

had persistently higher mean WBC and neutrophil counts from

day 3 since the onset of symptoms. However, in the days preced-

ing hospital admission the difference in mean WBC and neutrophil

counts between patients who were later admitted to ICU or died

and those who were admitted to a general hospital ward were mar-

ginal (Figure S5). By contrast, mean lymphocyte counts were lower

in patients who were later admitted to hospital or ICU and the dif-

ference is visible immediately before hospital admission. Both

mean CRP and ferritin levels were higher in patients who required

increased levels of care. Separation of CRP levels occurred

between the 3rd and the 11th day from symptom onset and sepa-

ration of ferritin levels was sustained throughout the entire period

of acute illness. The mean value of both biomarkers separated in

the days prior to hospital admission (Figure 3) and rose in the days

preceding admission to ICU or death (Figure S6). Only patients

who were later either admitted to ICU or died had a noticeable ele-

vation of PCT levels (Figure S3), and this tended to occur followingT
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the ICU admission (Figure S6). Finally, D-dimer levels increased in

the second half of the acute phase of COVID-19 in all outcome

groups (Figure S3), with the mean value being slightly higher

among those later admitted to ICU in the days preceding hospital

admission.

4 | DISCUSSION

In this registry-based study, longitudinal changes in levels of inflam-

matory biomarkers were compared in COVID-19 patients who later

required different levels of care. Our results suggest that lower

TABLE 2 Inflammatory biomarkers outside of the normal range in the first blood sample collected from patients with COVID-19 who
attended the outpatient clinic, were hospitalized, or were admitted to ICU or died

Inflammatory marker
Outpatient visit
only (n = 310)

Hospitalization
(n = 202)

ICU admission or
death (n = 59)

All

patients
(n = 571)

Leukocytosis (WBC > 10.5 � 109/L) 11/307 (3.6%) 15/201 (7.3%) 5/59 (8.5%) 31/567 (5.5%)

Neutrophilia (Neutrophils > 7.0 � 109/L) 8/307 (2.6%) 17/201 (8.4%) 8/59 (13.6%) 33/567 (5.8%)

Lymphopenia (Lymphocytes < 1.0 � 109/L) 14/307 (4.6%) 60/201 (29.9%) 26/59 (44.1%) 100/567 (17.6%)

High CRP (>10 mg/L) 109/307 (35.5%) 133/200 (66.5%) 57/59 (96.6%) 299/566 (52.8%)

High PCT (>0.05 μg/L) 85/294 (28.9%) 153/189 (81.0%) 54/58 (93.1%) 292/541 (54.0%)

Hyperferritinemia (>400 μg/L, >150 μg/L if

female <50 years)

87/299 (29.1%) 95/192 (49.5%) 41/59 (69.5%) 223/550 (40.5%)

High D-dimer (>0.5 mg/L, >0.01 mg/L*age if

>50 years)

86/276 (31.2%) 113/191 (59.2%) 44/58 (75.9%) 243/525 (46.3%)

Abbreviations: CRP, C-reactive protein; ICU, intensive care unit; PCT, procalcitonin; WBC, white blood cell.
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lymphocyte counts and higher levels of CRP and ferritin early in the

course of illness are associated with later development of more severe

disease and that these biomarkers might be incorporated into prog-

nostic decision tools to identify patients who are likely to benefit most

from early treatment in the outpatient setting, regardless of age and

comorbidities. This comparison was made possible by the standard-

ized management of all SARS-CoV-2-positive individuals by the dedi-

cated COVID-19 Outpatient Clinic,9,10 which ensured that the date of

symptom onset was available for all individuals and the same labora-

tory parameters were ordered (given that a blood sample was deemed

necessary), regardless of disease severity. This unique standardized

approach allowed us to describe longitudinal changes in inflammatory

biomarkers in both nonhospitalized and hospitalized patients during

the days before hospital admission and to compare this with bio-

markers obtained during hospital and ICU admission.

Impaired and unregulated immune response is essential to the

pathogenesis of severe COVID-19.3 Low lymphocyte counts are com-

mon among patients with COVID-19.5 Early in the disease, this phe-

nomenon could potentially be due to direct infection of lymphocytes

by SARS-CoV-2. Later in the disease course there is likely an addi-

tional component of unregulated immune response causing inflamma-

tory mediators to induce apoptosis of lymphocytes or to destroy

lymphoid organs, both resulting in a decreased number of lympho-

cytes.11 Both CRP and ferritin are acute phase proteins whose plasma

concentration increases following an acute inflammatory response,

with elevated ferritin levels being more common in viral infections

than bacterial infections.12 The results of the current study are consis-

tent with an earlier report of longitudinal changes in CRP levels from

the onset of symptoms.13 Moreover, our findings support the conclu-

sions drawn from a recent systematic review that found high levels of

ferritin to correlate with poor clinical outcomes and suggested that

ferritin could predict a severe course of COVID-19.14 The studies

included in the systematic review were all based on hospitalized

patients and thus could not determine whether high ferritin levels

were a feature of SARS-CoV-2 infection in general or consequence of

severe disease. Our study adds to the current literature by demon-

strating an early and sustained separation of lymphocyte counts, and

CRP and ferritin levels between patients who later require hospital

admission and those who required outpatient management only. In

addition, we show that those who are later admitted to ICU or die

have lower lymphocyte counts and higher plasma levels of CRP and

ferritin in the days preceding hospital admission than those who are

cared for in general hospital wards. This finding provides strong evi-

dence that lymphocyte count and CRP and ferritin levels may be use-

ful biomarkers for the assessment of disease severity during

outpatient evaluation and might serve as early predictors of adverse

clinical outcomes.

Other inflammatory markers, such as platelet count, were less

useful for early classification of disease severity, even though throm-

bocytopenia has been associated with more severe clinical manifesta-

tions and increased mortality in COVID-19.15 Similarly, our findings

show that plasma PCT levels were high in patients who were admitted

to the ICU or died, but the elevation mainly occurred after the ICU

admission. A sudden rise in PCT levels shortly before death has been

reported previously, most likely resulting from bacterial super-

infection and development of sepsis as a complication of SARS-CoV-2

infection.16 Our findings suggest that PCT would not be a useful

parameter for prognostication as it generally rises after intensive ther-

apy has already been initiated. D-Dimer elevation can be seen both

during inflammation and thrombotic events, a known complication of
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COVID-19.17,18 We show that D-dimer correlated with worse out-

come and that those who were later admitted to ICU or died had mar-

ginally higher levels in the days preceding hospital admission than did

those who were only admitted to a general ward, suggesting that D-

dimer could potentially be used as a prognostic marker.

Our study does have some limitations. Although all SARS-CoV-

2-positive individuals were managed using a structured approach,

including a standardized laboratory panel, laboratory tests were only

obtained if clinically indicated and after the infection status was known

to the responsible physician. This means that our observations can only

apply to known cases that are undergoing evaluation of concerning

symptoms. Furthermore, as laboratory tests were performed when clini-

cally indicated, those who were sicker had more frequent blood sam-

pling, which may bias the longitudinal analysis to more severe values.

Strengths of the study include the standardized approach and nation-

wide cohort. Since most patients who ultimately were admitted to the

hospital had one or more set of standardized blood tests obtained dur-

ing outpatient assessment in the days preceding admission, we are con-

fident that the assessment of inflammatory markers in this cohort is

relatively unbiased. The standardized panel of blood tests that was car-

ried out in the majority of patients undergoing evaluation, including out-

patients, minimizes the risk for selection bias regarding which

parameters were obtained. No differences were seen in the trajectories

of inflammatory markers before and after June 22, 2020, when the ben-

efits of dexamethasone4 were evident and the usage of the drug in the

treatment of hospitalized patients requiring oxygen supplementation

had become standard of care (Figures S7–S9).

5 | CONCLUSION

This registry-based study showed that increased inflammatory

response was related to adverse clinical outcomes. Lymphocyte count

and CRP and ferritin levels might be best suited for assessment of dis-

ease severity and potentially serve as early predictors of adverse clini-

cal outcome in COVID-19 patients. Neutrophil counts and ferritin

levels should be monitored in hospitalized COVID-19 patients as they

might predict a critical illness and mortality. Future studies should

address the evolution of lymphocyte counts and CRP and ferritin

levels by dates of symptom onset in a prognostic model in a larger

cohort to further validate their predictive value for clinical outcome.
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