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Abstract

Early identification of patients at risk for severe coronavirus disease 2019 (COVID-19) is crucial for appropriate triage Q
determination of need for closer monitoring. Few studies have examined laboratory trends in COVID-19 infection and sought to
quantify the degree to which laboratory values affect mortality. We conducted a retrospective cohort (n = 407) study of hospitalized
patients with COVID-19 early in the course of the pandemic, from March 16th to April 8th, 2020 and compared baseline to repeat
laboratory testing 72 hours into admission. The primary outcome was death. We found that rises of 25 mg/L C-reactive protein,
50 units/L lactate dehydrogenase, and 100ng/mL ferritin were associated with 23%, 28%, and 1% increased odds of death,
respectively. In contrast, changes in fibrinogen, D-dimer, white blood cell count, and creatinine in the first few days of hospital
admission were not associated with mortality. These quantitative findings may assist clinicians in determining the risk of potential
clinical decline in patients with COVID-19 and influence early management.

Abbreviations: BMC = Boston Medical Center, COVID-19 = coronavirus disease 2019, CRP = C-reactive protein, FiO, =
fraction of inspired oxygen, ICU = intensive care unit, LDH = lactate dehydrogenase, ORs = odds ratios, SARS-CoV-2 = severe

acute respiratory syndrome coronavirus 2, SpO, = peripheral capillary oxygen saturation.
Keywords: COVID-19, hospitalization, laboratory tests, mortality, prognosis

1. Introduction

Although severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) vaccines have improved outcomes in some
high-income countries, coronavirus disease 2019 (COVID-
19) continues to be responsible for many fatalities around
the world.l"l Since the start of the pandemic, treatment
strategies and new therapies have emerged, with the goal
of preventing severe disease, allowing for earlier hospital
discharge and increased outpatient management. Timely
identification of hospitalized patients at risk for COVID-
19-related death allows clinicians to better anticipate the
clinical trajectory of hospitalized patients and identify indi-
viduals who may benefit from closer monitoring or early
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administration of COVID 19-related therapies such as
tocilizumab or baricitinib.

Few studies have sought to understand the significance of
laboratory trends over the course of COVID-19 infection. To
our knowledge, no studies have explored both the laboratory
value trends over time and quantified the degree to which spe-
cific laboratory values collected early in admission are associated
with inpatient mortality. The current study sought to determine
whether early changes in certain laboratory tests were associated
with mortality among patients hospitalized with COVID-19 in
a diverse urban hospitalized patient population. The study was
conducted at the beginning of the pandemic, prior to the adop-
tion of many current treatment strategies and provides insight
into the natural trend of laboratory values in COVID-19 disease.
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2. Methods

2.1. Study design, site, population and inclusion criteria

We conducted a retrospective cohort study at Boston Medical
Center (BMC), the largest safety net hospital in New England.
Patients were included in the study if they were over the age of
18 and admitted to the hospital for COVID-19 between March
16th, 2020, and April 8th, 2020. The current timeframe was
selected to include individuals admitted to BMC before the hos-
pital protocol was revised on April 8th. On March 16th, the
first patient with COVID-19 was admitted to BMC. On April
8th BMC’s COVID-19 treatment protocol was revised. All
patients had laboratory-confirmed SARS-CoV-2 using reverse
transcription polymerase chain reaction performed at BMC. We
excluded patients without SARS-CoV-2 test results in our sys-
tem, those who were admitted for reasons unrelated to COVID-
19, patients who incidentally tested positive for SARS-CoV-2,
or individuals who developed COVID-19 during their hospital
stay. All patients were followed to either discharge from the hos-
pital or in-hospital death.

Patients were treated with standard supportive therapy
during this time period. this time period. Additionally, the use
of immunomodulatory therapy, under close monitory, was part
of BMC’s protocol early in the pandemic when there was lit-
tle information on effective treatment for COVID-19.% During
the study period, conditions for the administration of immu-
nomodulators included elevated fraction of inspired oxygen
(FiO,) requirements of >45% and elevated inflammatory mark-
ers: CRP > 100 mg/L, ferritin > 700ng/mL, or LDH > 450 U/L.
Tocilizumab is now part of national guidelines for treatment
of severe progressive COVID-19.5! All statistical analyses were
performed in R (R Core Team, 2020, Vienna, Austria).

2.2. Data collection

We extracted demographic information, patient medical his-
tories and in-hospital clinical data from the electronic health
records.

Patients’ oxygenation statuses were estimated on arrival to
better characterize clinical severity of respiratory illness. As
blood gases were not routinely collected on arrival, we used the
ratio of peripheral capillary oxygen saturation (SpO,) to FiO,.
Previous literature has demonstrated that this ratio approxi-
mates the partial pressure of oxygen to FiO, ratio, which is com-
monly utilized to estimate severity of acute respiratory distress
syndrome.! When patients were not mechanically ventilated or
receiving noninvasive positive pressure ventilation, FiO, was
calculated using the EPIC II Study “Estimating FiO,” table.!

2.3. Primary outcome

The primary outcome was death during the hospital admission.

2.4. Statistical analyses

We used descriptive statistics to characterize the cohort and
logistic regression to evaluate factors associated with death in a
series of models. Each multivariate model included the change
in one of seven laboratory tests over the first 72 hours after
admission. In cases for which no laboratory data were available
at 72 hours, we used data collected at 48 hours. If no laboratory
data was available at 72 or 48 hours, we used data collected
at 96 hours from admission. We selected laboratory tests that
were part of the hospital’s protocol for patients admitted with
COVID-19 because of their possible effect on pathogenesis:
C-reactive protein (CRP), lactate dehydrogenase (LDH), ferritin,
D-dimer, fibrinogen, white blood cell count, and creatinine. For
each laboratory test, we identified units of change anticipated
to be clinically significant based on expert consensus between
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two infectious diseases physicians and calculated the odds ratios
(ORs) of death during the hospital admission. Statistical signifi-
cance was prospectively determined to be a P-value of <.05. We
performed chi-squared tests for categorical variables and #-tests
for continuous variables.

In addition to controlling for the change in a particular labo-
ratory test, we performed multivariate modeling to control for
covariates including age, sex, race/ethnicity, SpO,/FiO, ratio on
admission, and the administration of at least one of three immu-
nomodulators (anakinra, sarilumab, or tocilizumab).

2.5. Ethics and patient consent statement

The Boston University Medical Center Institutional Review Board
approved this study. The IRB waived the requirement for written
consent as the study did not include factors necessitating patient
consent. This is a retrospective study of existing medical records
and patient information was de-identified prior to analysis.

3. Results

3.1. Patient characteristics

Patient demographic characteristics, comorbidities, and out-
comes are summarized in Table 1. Four hundred and seven
patients met inclusion criteria (Fig. 1). At time of abstraction, all
patients had either been discharged from the hospital (n = 370,
90.9%) or were deceased (n = 37, 9.1%). Notably, patients who
died from COVID-19 infection were more likely male, older and
have comorbid conditions including malignancy and pulmonary
diseases such as chronic obstructive pulmonary disease, inter-
stitial lung disease, pulmonary hypertension and asthma. Non-
survivors were more likely than survivors to have had longer
median length of stay, increased number of intensive care unit
admissions, intubations and treatment with immunomodulators.

3.2. Laboratory results

Separate multivariable models controlling for age, sex, race/
ethnicity, administration of immunomodulators during admis-
sion, and baseline SpO,/FiO, demonstrated that three of the
assessed laboratory tests measured at approximately 72 hours
of hospital admission were associated with death during that
admission. We determined that a rise of 25 mg/L in CRP around
72 hours of admission was associated with a 23% increase in
the odds of mortality (OR, 1.23; 95% CI, 1.11-1.37; Table S1,
Supplemental Digital Content, http://links.lww.com/MD/H633).
Similarly, a 50 unit/L rise in LDH around 72 hours of admission
resulted in a 28% increased odds of mortality (OR, 1.28; 95%
CI, 1.14-1.46; Table S2, Supplemental Digital Content, http:/
links.lww.com/MD/H634). Furthermore, a 100 ng/mL increase
in ferritin around 72 hours of admission was associated with a
1% increase in the odds of death (OR, 1.01; 95% CI, 1.00-1.03;
Table S3, Supplemental Digital Content, http:/links.lww.com/
MD/H635). Changes in 0.1mg/dL of creatinine, 1000 cells/uL
white blood cells, 100 ng/mL of D-dimer, and 100 mg/dL fibrin-
ogen at 72 hours of hospital admission were not associated with
increased odds of mortality (Tables S4-S7, Supplemental Digital
Content, http://links.lww.com/MD/H636). Of note, over half
of the patients had each laboratory test checked at 72 hours,
although up to approximately one-third had at least one miss-
ing laboratory value (Table S8, Supplemental Digital Content,
http://links.lww.com/MD/H637).

4. Discussion

In a retrospective cohort at an urban safety net hospital, we
found that a 25mg/L rise in CRP, a 50 units/L rise in LDH,
and 100 ng/mL rise in ferritin were associated with a 23%,28%
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Patient demographics and comorbidities by survival status (n = 407).

Total = 407 n (%)

Survived n = 370 (90.9%) Died n = 37 (9.1%) P-value
Baseline characteristics
Median age (IQR), years 56 (43-67) 68 (61 - 79) <.001*
Male sex - no. (%) 202 (54.6) 27 (73.0) .048*
Race/ethnicity - no. (%) .023*
Black 164 (44.3) 17 (45.9)
Hispanic/Latinx 146 (39.5) 9(24.3)
White 26 (7.0) 8(21.6)
Asian 5(1.4) 1(2.7)
Unknown 29 (7.8) 2(5.4)
Mean BMI - (SD) 32.6(17.4) 30.6 (7.4) 491
Diabetes - no. (%) 150 (40.5) 19 (51.4) 272
CKD stage lll-V - no. (%) 60 (16.2) 11(29.7) .066
Dialysis - no. (%) 23 (6.2) 3(8.1) .923
Malignancy - no. (%) 27 (7.3) 7(18.9) .034*
Pulmonary diseasea - no.(%) 70 (18.9) 10 (27.0) .033*
Median admission Sp0,/Fi0, (IQR) 457 (438- 467) 419 (278 - 457) <.001*
Outcomes of hospitalization
Immunomodulator administered during admission - no. 121(32.7) 19 (51.4) .036*

(%)

Median length of stay (IQR), days 7 (4.0-10.8) 12 (7.0 - 18.0) .001*
ICU admission - no. (%) 79 (21.4) 30 (81.1) <.001*
Intubated - no. (%) 48 (13.0) 27 (73.0) <.001*

BMI = body mass index; CKD = chronic kidney disease; ICU = intensive care unit; Sp0,/Fi0, = oxygen saturation/fraction of inspired oxygen.
a Chronic obstructive pulmonary disease, interstitial lung disease, pulmonary hypertension, or asthma.

b Tocilizumab, sarilumab, or anakinra administered as COVID-19-directed therapy.

¢ Chi-squared tests were performed for categorical variables and t-tests were performed for continuous variables.

Positive SARS-CoV-2 RT-PCR test
at BMC (n=415)

Not initially admitted for COVID-19 (n=8)

A\ 4

Final study population (n=407)

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2
RT-PCR: Reverse transcription polymerase chain reaction
BMC: Boston Medical Center

COVID-19: Coronavirus disease 2019

Figure 1. Study flow. BMC = Boston Medical Center, COVID-19 = coronavirus disease 2019, RT-PCR = reverse transcription polymerase chain reaction,

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

and 1% increase in odds of death, respectively, in hospitalized
patients within 72 hours of admission. We did not find associ-
ations between mortality and increases in fibrinogen, D-dimer,
creatinine, or white blood cell count within 72 hours of admis-
sion. Of note, additional longitudinal data would be needed to
determine if there are further increases in mortality associated
with rising CRP, LDH, and ferritin beyond 72 hours. As this
study uses information from early in the pandemic, prior to the
advent of many of the current treatment modalities, it provides
insight into the natural history of laboratory trends in COVID-
19 infection from the ancestral SARS CoV-2 virus before the
development of variants of concern. Monitoring early trends in
these key laboratory values may assist in the identification of
hospitalized patients at high risk of mortality prior to the devel-
opment of adverse outcomes, helping clinicians to triage and
make timely management decisions.

Prior studies have focused on identifying certain comorbid-
ities as clinical risk factors for severe COVID-19 disease and
mortality.l®! Consistent with these studies, non-survivors in
our cohort (9%) were more likely to be older, male, and with
multiple comorbidities, although notably in our cohort there
was no statistically significant difference in rates of diabetes
or renal disease. Prior studies have also shown that baseline
laboratory findings such as lymphopenia, % thrombocytope-
nia,!®*1% and elevations in CRP,¥! white blood cell count,® ! fer-
ritin,” LDH,"Y and D-dimer!®!'"-1?] are associated with mortality
from COVID-19. In addition, data from early in the pandemic
showed different trends in laboratory values over time between
COVID-19 survivors and non-survivors.[»!3 Specifically, it was
noted that non-survivors had increasing values of D-dimer, IL-6,
ferritin, cardiac troponin I, and LDH, and decreasing values of
lymphocyte count and platelets over time.[5!*



Zambrano et al. ® Medicine (2022) 101:50

There are several limitations to this study. We are presenting
associations between laboratory parameters and patient out-
comes from a retrospective cohort at a single site urban hospi-
tal, which may limit the generalizability of our findings. Given
that this study was performed early in the pandemic, we are not
able to comment on the influence of newer treatments that are
now included in the management of patients with COVID-19.
Our center was an early adopter of immunomodulator therapies
to treat COVID-19 infections. However, while administration
of immunomodulators was standardized across the hospital, we
do not have access to the exact timing of immunomodulator
dosing and its impact on laboratory trends. In addition, as lab-
oratory results were analyzed retrospectively, some laboratory
data used within the models were collected beyond 72 hours
of admission due to missing data. White blood cell count was
not broken down into its components, including neutrophil and
lymphocyte count to provide a general estimate for the influence
of white blood cell count."’] Marked lymphopenia has been
associated with severe COVID-19 infection and future studies
should investigate the influence of individual components of
white blood cell count. Furthermore, missing laboratory data
did not allow for the inclusion of some patients in all models.
We cannot determine if individuals with missing data had differ-
ent COVID-19 disease severity from those with complete data,
although it is possible that patients with missing data were con-
sidered to be clinically improving by clinicians and so did not
warrant repeated laboratory testing.

5. Conclusions

We found that increases in CRP, LDH, and ferritin within 72
hours of admission are associated with mortality in hospitalized
COVID-19 infected patients, while changes in D-dimer, fibrino-
gen, creatinine, and white blood cell count are not. These find-
ings can help to assist clinicians with determining which patients
may need closer monitoring and additional intervention early in
the hospital course. Future studies should confirm our findings
using larger data sets and predictive modeling and additionally
investigate the impact of newer therapies and variants on these
laboratory trends.
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