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ABSTRACT

Objectives: We compared complete blood count (CBC) with
differential and markers of inflammation and coagulation in
patients with and without coronavirus disease 2019 ( COVID-
19) presenting to emergency departments in Seattle, WA.

Methods: We reviewed laboratory values for 1 week
Jfollowing each COVID-19 test for adult patients who received
a standard severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2 ) reverse transcription polymerase chain
reaction (RT-PCR) test before April 13, 2020. Results were
compared by COVID-19 status and clinical course.

Results: In total 1,027 patients met inclusion criteria.
Patients with COVID-19 (n = 155) had lower
leukocytes (P <.0001), lymphocytes (P <.0001),
platelets (P < .0001 ), and higher hemoglobin (P =
.0140) than those without, but absolute differences
were small. Serum albumin was lower in patients with
COVID-19 (P <.0001) and serum albumin, neutrophil
to lymphocyte ratio (NLR), and red cell distribution
width (RDW ) were each associated with disease
severity. NLR did not differ between patients with
COVID-19 and those without (P =.8012).

Conclusions: Patients with COVID-19 had modestly
lower leukocyte, lymphocyte, and platelet counts and
higher hemoglobin values than patients without COVID-
19. The NLR, serum albumin, and RDW varied with
disease severity, regardless of COVID-19 status.
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Key Points

e Patients with SARS-CoV-2 presenting to the ED had lower leukocyte,
lymphocyte, and platelet counts than COVID-19-negative patients.

e Serum albumin, RDW, and the neutrophil to lymphocyte ratio were
associated with disease severity in both COVID-19—positive and COVID-
19-negative patients presenting to the ED.

e None of the changes in laboratory findings identified are sufficiently
specific for COVID-19 to alleviate the need for robust testing for the
virus.

The novel severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) emerged in late 2019 in
Wuhan, China, and progressed to a pandemic resulting
in over 1.7 million global deaths by the end of 2020."’
The clinical disease caused by SARS-CoV-2, corona-
virus disease 2019 (COVID-19), has a wide range of
clinical manifestations, ranging from asymptomatic
to severe pneumonia, acute respiratory distress syn-
drome (ARDS), and multiorgan failure.” Diagnostic
testing for the virus is most commonly performed by
amplification of viral RNA from nasopharyngeal or
lower respiratory tract specimens via reverse transcrip-
tion polymerase chain reaction (RT-PCR). Early and
ongoing limitations on testing hampered disease con-
trol efforts. Given the breadth of clinical presentations
and widely divergent clinical progression, identifying
changes in routine laboratory tests that support the di-
agnosis and management of patients with COVID-19
is critical.
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Early reports from China identified an exagger-
ated inflammatory response (cytokine storm) as one of
the distinct features of SARS-CoV-2 infection, at least
in a subset of patients.’ Significant elevations in serum
C-reactive protein (CRP), interleukin 6 (IL-6), ferritin,
procalcitonin, fibrinogen, and other acute phase react-
ants have since been consistently described in patients
with severe COVID-19.>° Lymphopenia was singled out
as a hallmark of COVID-19 when the first descriptive
studies from Wuhan showed that over 80% of patients
with COVID-19 had low lymphocyte counts.’” Other
alterations noted on analysis of CBC include leuko-
penia, eosinopenia, monocytosis, neutrophilia, and
thrombocytopenia. The magnitude of lymphopenia and
thrombocytopenia in patients with COVID-19 has been
associated with more severe outcomes including admis-
sion to the intensive care unit (ICU), ARDS, and death.
Some have proposed using the neutrophil to lymphocyte
ratio (NLR), an established metric of overall inflamma-
tory status, as well as other ratios of hematologic labo-
ratory values as surrogate markers of disease severity in
COVID-19.""

Additionally, a subset of patients with COVID-19
have alterations in coagulation factors manifesting as
slightly prolonged prothrombin times (PT), activated par-
tial thromboplastin times (PTT), and increased D-dimer
levels, with some COVID-19 patients presenting with
coagulopathy and disseminated intravascular coagula-
tion."”"* The topic of hematologic and other laboratory
alterations in COVID-19 is of considerable interest and
has been well reviewed.">'® While numerous reports have
summarized patterns of laboratory markers in COVID-
19 patients and/or identified laboratory markers that
correlate with disease severity, comparisons of these
markers between patients with and without COVID-19
are infrequent.

We sought to detail differences in CBC with differ-
ential in patients with COVID-19 presenting to emer-
gency departments (EDs) affiliated with the University
of Washington in Seattle, one of the first metropolitan
areas in the United States to encounter SARS-CoV-2
and having one of the first laboratories to receive emer-
gency use authorization from the United States Food
and Drug Administration for diagnostic SARS-CoV-2
RT-PCR testing (March 1, 2020). Our data reflect an
early time point in the course of the pandemic in the
United States, during which differences in treatment
approaches between COVID-19 patients is likely to be
limited. Importantly, we offer comparison to patients
without COVID-19 stratified by clinical course, which
captures the diversity of individuals presenting to EDs
in the United States.
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Materials and Methods

This study was approved by the University of
Washington Human Subjects Division Institutional
Review Board (STUDY00009972) and was limited to
adult patients (>18 years old) who received a SARS-CoV-2
RT-PCR test at one of the University of Washington hos-
pitals in Seattle, before April 13, 2020, the date on which
routine screening for COVID-19 was enacted at our institu-
tion. Patients were stratified by SARS-CoV-2 status, mor-
tality, and sending location of laboratory results EFigure 11.
Patients with results originating from an ED location only
were assigned to the ED clinical course. Patients with re-
sults from an ED location and an inpatient location (but
not ICU) were assigned to the admitted clinical course.
Finally, patients with results from an ED location and an
ICU location at any point during their admission were
assigned to the critical clinical course. Results from pa-
tients in locations with ICU, intensive, or critical in the
location name were classified as ICU. Results from pa-
tients in a special care unit at one of the local hospitals
were also classified as originating from an ICU. To better
capture early laboratory alterations associated with illness
severity that could be used to stratify those at increased
risk of poor outcome, patients who died within 15 days
of their last SARS-CoV-2 test were put in their respec-
tive critical group; this added 20 patients to the critical
COVID-19-negative group and 18 patients to the crit-
ical COVID-19—positive group, respectively. Two patients
with COVID-19 and 35 patients without COVID-19 died
outside of the 15-day window from their last COVID-19
test and were not included in the analysis.

Patients with laboratory values originating from loca-
tions or wards of the University of Washington’s affiliated
cancer center were excluded due to the high prevalence
of patients with leukemia and lymphoma. Similarly, pa-
tients from locations including the word oncology were
excluded. Select laboratory results were extracted from
the Department of Laboratory Medicine and Pathology’s
data warehouse for 1 week following each SARS-CoV-2
PCR test. Demographics, International Classification of
Diseases-Tenth Revision (ICD-10) diagnostic codes, and
mortality data were pulled from the health care system’s
shared electronic data warehouse. No values outside of
an assay’s reportable range were included and all values
were exact (no greater or less than results). Results were
organized and analyzed using RStudio version 1.2.1335.

For most laboratory tests, such as CBC, we defined
the presentation value as the first test sent from an ED
location for each patient (or as the first value identi-
fied within 1 day of the patient’s first set of tests). For
some markers, we also evaluated the highest documented
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(maximum) and lowest documented (minimum) values, in
addition to the presentation levels. Continuous variables
were tested for normality using the D’Agostino-Pearson
omnibus normality test. Due to the frequency of nonpa-
rametric distributions in the selected laboratory values,
the Mann-Whitney U test and Kruskal-Wallis test were
used for continuous variables. Fisher exact test was used
in comparison of categorical variables. For pairwise com-
parisons, the Wilcoxon signed rank test was used. We set
the significance level () at P =.05. Statistical analysis
was performed using GraphPad PrismS.

Results

A total of 1,027 patients met criteria for evaluation,
comprising 155 patients in the SARS-CoV-2 detected
and 872 patients in the SARS-CoV-2 not detected groups
ETable 10. The median age of patients with COVID-19
was 65 years; 41% were female. The cohort of patients
without COVID-19 was younger, with a median age of
56 years (P <.0001); 44% were female. Only patients with
COVID-19 in the admitted group were significantly older
than corresponding patients without COVID-19 (me-
dian age 70 vs 64 years, P =.031). More patients with
COVID-19 identified as Hispanic or Latino (28% vs
8%; P <.0001; odds ratio [OR], 4.33; 95% confidence in-
terval [CI], 2.85-6.60), but other demographics were not
significantly different between patients with COVID-19
compared to those without. A total of 31 of 155 (20%)
patients with COVID-19 and 44 of 872 (5%) patients
without COVID-19 died within 15 days of their last
SARS-CoV-2 test. The frequency of different ICD-10
diagnostic codes at the time of testing for SARS-CoV-2
were similar between patients with and without COVID-
19. Cough, fever, and shortness of breath were within
the top 20 diagnostic codes regardless of COVID-19
status concordant with the symptom-driven testing in
place at the time (Supplemental Table 1; all supplemental
materials can be found at American Journal of Clinical
Pathology online).

Several significant differences in basic CBC data were
noted between the COVID-19—positive and COVID-19-
negative patient groups ETable 20, including platelet and
WBC counts EFigure 20. A number of other parameters
showed differences between groups that reached statis-
tical significance, but for many of these (including he-
moglobin, RBC count, and RDW) the differences were
relatively small. Lymphocyte count was notably lower
in patients with COVID-19 overall (median, 1.06 vs
1.43 x 10°/L, P <.0001), predominantly attributable to
lower median lymphocyte counts in patients with the
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ITable 18 Demographic and Mortality Data by COVID-19 Status and Clinical Course®

Critical

Admitted Critical

Admitted

ED COVID-19

Pos

ED COVID-19

Neg

COVID-19
Pos

COVID-19
Neg

COVID-19 Pos
58 (37)
72.5

COVID-19 Neg

COVID-19 Pos
38 (25)
70

COVID-19 Neg

129 (15)
64

P Value

Characteristic

125 (14)
65

59 (38)
52

618 (71)
51

165 (15)
65

872 (85)
56

Total patients

<.0001
4836
4836

Median age, y

Male

36 (62)
22 (38)
31 (53)

17 (45)
21 (55)

67 (52)
62 (48)

39 (66)
20 (34)

354 (57)

92 (59)
63 (41)
31 (20)

490 (56)

264 (43)
0(0)

382 (44)
44 (b)

Female
Died®

<.0001
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Patient laboratory information screened

Eligibility criteria:
¢ 18 years old or older

e Standard priority SARS-CoV-2
RT-PCR up to April 13, 2020

e CBC with differential from an

Exclusion criteria:
e Labs ordered from
affiliated cancer center
¢ Lab sending location name
contains “oncology”

ED location

e Medical records available

(nonreference lab)

Select laboratory values, demographic,
and mortality data extracted

l

Lab values
examined
for 1 week
following each
SARS-CoV-2 test

l

within 15 days of last

If dead, patient
included if death

SARS-CoV-2 test?

i
Any SARS-CoV-2 Only SARS-CoV-2 Only SARS-CoV-2
“detected” “inconclusive” “not detected”
(n = 155 patients (n = 50 patients (n = 872 patients
included) excluded) included)

l

l

Stratified by sending location of laboratory
results and mortality data

ED locations ED and inpatient ED and ICU
only locations locations
(no ICU) or death
ED clinical Admitted Critical
course clinical course clinical course
e COVID-19 e COVID-19 negative e COVID-19 negative
negative (n =129) (n =125)
(n=618) e COVID-19 positive * COVID-19 positive
e COVID-19 (n=38) (n =58)
positive
(n =59)

IFigure 10 Flow diagram showing patient selection process. Patients who had at least 1 positive SARS-CoV-2 RT-PCR test

at any point were assigned to the detected group. Patients who never had a positive or inconclusive SARS-CoV-2 test were
assigned to the not detected group. Those patients who had only an inconclusive SARS-CoV-2 test were excluded from anal-
ysis. Patients were stratified for disease severity according to sending location of laboratory results. Patients with only ED
locations were classified as ED COVID-19-negative or ED COVID-19-positive, depending on whether they fell into the SARS-
CoV-2 detected or not detected group. In a similar manner, patients with laboratory testing submitted from only an inpatient
ward (not ICU locations) were classified as admitted COVID-19-negative or admitted COVID-19—positive. Lastly, patients with
laboratory results submitted from an ICU at some point during their clinical course or died within 15 days of their last SARS-
CoV-2 test were classified as critical COVID-19-negative or critical COVID-19-positive. *Patients with SARS-CoV-2 detected
(n =2) or not detected (n = 35) were excluded. COVID-19, coronavirus disease 2019; ED, emergency department; ICU, in-
tensive care unit; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
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lowest disease severity (ED group only). While lympho-
cyte counts were lower in those patients with COVID-19
with a more severe clinical course, this finding did not ap-
pear to be specific to COVID-19 (Table 2). Lymphocyte
counts were not significantly different among patients
admitted to standard inpatient care (admitted course) or
critical care (critical course) based on their COVID-19
status (P =.2766 and P = .1954, respectively). Similarly,
while 53% and 55% of patients with COVID-19 in the
admitted and critical courses were lymphopenic in
the ED, similar rates of lymphopenia were observed
among admitted and critical COVID-19-negative pa-
tients (Supplemental Table 2). While there was a higher
likelihood of identifying lymphopenia in patients with
COVID-19 overall (45% vs 27%; P <.0001; OR, 2.26),
this was largely attributable to differences in the least-
severe patient group (ED only, 31% vs 19%; P = .0393;
OR, 1.9).

Interestingly, we found similar patterns with all leu-
kocyte populations, including significantly lower neutro-
phil counts among patients with COVID-19 compared to
the comparison group across all clinical courses. Median
counts of eosinophils and basophils were also signif-
icantly lower overall in patients with COVID-19 across
the clinical course. Median monocyte counts were lower
overall for patients with COVID-19 (0.54 vs 0.64 x 10°/L,
P <.0001), but without much variation by clinical course
(Table 2). Platelet counts were lower overall in patients
with COVID-19 compared to those without COVID-19
(Figure 2) and rates of thrombocytopenia were higher
(Supplemental Table 2). However, median platelet counts
for patients with COVID-19 who followed a critical
course were not significantly different from their non-
COVID-19 comparison group (P =.11). Additionally,
median platelet count did not vary with COVID-19 illness
severity (Kruskal-Wallis P = .4266).

The median platelet to lymphocyte ratio (PLR),
platelet to neutrophil ratio (PNR), and NLR were not
significantly different overall between patients with
COVID-19 and those without (P =.10, P=.39, and
P = .80, respectively; Figure 2). However, each of these
ratios demonstrated a trend of increasing (PLR and
NLR) or decreasing (PNR) with illness severity, regard-
less of COVID-19 status. Considering just patients with
COVID-19, the median values for PNR, PLR, and NLR
were significantly different by clinical course (Kruskal-
Wallis P <.0001 to P =.0049).

Testing for inflammatory markers such as CRP and
IL-6 was not as widespread among the ED patients in
our dataset (Supplemental Tables 3 and 4). Patients with
COVID-19 had a CRP test more often; 61 (39%) COVID-
19—positive patients vs 97 (11%) of COVID-19-negative
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patients. Overall, median maximum CRP levels were
significantly higher in patients with COVID-19 (94 vs
28.4 mg/L, P <.0001) driven by substantial elevations in
the critical COVID-19-positive group. The data are simi-
larly limited for IL-6; 29 (19%) of patients with COVID-19
had an IL-6 level measured and only 3 patients (less than
1%) in the comparison group had an IL-6 level measured
in our dataset. Maximum IL-6 levels increased dramati-
cally with illness severity in COVID-19 (median for ad-
mitted COVID-19—-positive patients 35 ng/L vs 215 ng/L
in the critical COVID-19-positive group, Supplemental
Figure 1).

A large majority of patients with and without COVID-
19 had a test for serum albumin in our dataset (144 [93%)]
and 717 [82%], respectively). Minimum albumin levels
were lower overall in patients with COVID-19 (33 g/L vs
39 g/L, P <.0001) and decreased with increasing illness
severity. Patients with COVID-19 were more likely to
have a minimum albumin value below the reference in-
terval (55% vs 24%; P <.0001; OR, 3.79; Supplemental
Table 4). The presentation albumin for patients with
COVID-19 admitted to a hospital was compared to the
minimum value when possible. In both settings, albumin
on presentation was significantly higher than minimum
values (P <.0001, absolute differences 4 and 5 g/L, for ad-
mitted COVID-19-positive and critical COVID-19-posi-
tive groups, respectively). Patients without COVID-19 in
the corresponding clinical courses had similar but less-
pronounced decreases.

PT and PTT were only performed in a subset of pa-
tients (Supplemental Table 3 and Supplemental Figure
2). Maximum PT/international normalized ratio [INR]
values in patients with COVID-19 were not significantly
different from the comparison group and tended to be
lower (median 14.2 s/INR 1.1 vs 14.4 s/INR 1.1, P = .86
and P = .83, respectively). Maximum PTT values were
significantly higher overall in patients with COVID-19
(median 36 s vs 32's, P = .0031). Patients with COVID-19
were significantly more likely to have an elevated max-
imum PTT compared to COVID-19-negative patients
(52% vs 33% of those tested; P =.0053; OR, 2.20; 95%
CI, 1.31-3.72). However, anticoagulants that could pro-
long the PTT, such as heparin, were not recorded. The
presentation PT and PTT for patients with COVID-19
admitted to a hospital was compared to the maximum
value when possible. For both PT/INR and PTT, pre-
sentation values were significantly lower than maximum
values in admitted patients (P <.0001 for both), although
absolute differences were not large (0.15 s and 0.9 s. for
PT, 1 s and 5 s for PTT, admitted COVID-19—positive
and critical COVID-19—positive groups, respectively).
Notably, this finding was also present in patients without
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EFigure 20 Overall, patients with COVID-19 had lower levels of leukocytes (P <.0001) (A) and lymphocytes (P <.0001) (B).

COVID-19 in the critical course but not evident for those
in the admitted course.

D-dimer testing was concentrated in the critical
COVID-19-positive group (66% of all D-dimer tests in
patients with COVID-19), while approximately 10% of
patients without COVID-19 in each clinical course had
a D-dimer value. Overall, maximum D-dimer values in
patients with COVID-19 were not different from those
without COVID-19 (920 pg/L and 680 ng/L fibrinogen
equivalent units, respectively, P =.1972). However, an

© American Society for Clinical Pathology

elevated D-dimer was present in 80% of all patients with
COVID-19 tested (28 of 35 patients), which was signifi-
cantly higher than the rate in patients without COVID-
19 (57%, 52 of 91; P = .0225; OR, 3; 95% CI, 1.25-7.53).

Discussion

We present a description of changes in labora-
tory tests associated with SARS-CoV-2 infection
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BFigure 20 (cont) Patients with COVID-19 had lower levels of neutrophils (P <.0001) (C) and platelets (P <.0001) (D) in compar-

ison to patients without COVID-19.

in a cohort of patients in the United States, with a
COVID-19-negative comparison group stratified by
clinical acuity. Concordant with what has been previ-
ously published, our findings suggest that laboratory
alterations seen in COVID-19 are related to disease
severity but highlight that these alterations may not
be specific to pathogenic mechanisms distinct to
COVID-19.%">'¢

Regarding WBC counts, ED patients with COVID-
19 were overall more likely to be leukopenic (16% vs 5%,
P <.0001) and lymphopenic (45% vs 27%, P <.0001)

192 AmJ Clin Pathol 2021;156:185-197
DOI: 10.1093/ajcp/agab052

compared to those without COVID-19 in the ED. Among
patients with COVID-19, leukocyte counts increased sig-
nificantly with illness severity, driven largely by an increase
in neutrophils. Rates of absolute neutrophilia also in-
creased significantly with disease severity (3% up to 34%,
ED to critical courses; P <.0001; OR, 15). Meanwhile,
lymphocyte counts and illness severity were inversely re-
lated; the ED COVID-19—positive group had significantly
higher lymphocyte counts than either the critical COVID-
19—positive or admitted COVID-19—positive groups. This
finding supports the use of lymphocyte count as a marker
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that may flag patients with COVID-19 more likely to re-
quire admission to the hospital. However, a low lympho-
cyte count alone is not sufficiently sensitive or specific to
predict COVID-19 status (sensitivity of 45% and speci-
ficity of 73% in our dataset). Our findings are similar to
those recently published by Pozdnyakova et al,' who found
critically ill patients with COVID-19 had lower leukocyte
counts compared to ICU patients without COVID-19, but
higher rates of neutrophilia and lymphopenia compared to
patients with COVID-19 who did not require critical care.
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SARS-CoV-2 is similar to the original SARS-CoV
in its tendency to cause lymphopenia, and the higher
neutrophil counts and higher rates of neutrophilia in
patients with severe COVID-19 were also observed in
SARS-CoV and MERS-CoV infections.™"” Lieberman
and colleagues™ have shown an inverse correlation be-
tween SARS-CoV-2 viral transcripts and neutrophil and
B-cell related transcripts in nasopharyngeal specimens.
This finding, in combination with the data of Liu et al”
showing increasing levels of circulating neutrophils over
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disease 2019; ED, emergency department.

time in both severe and nonsevere COVID-19 infections,
suggests neutrophilia and lymphopenia may lag behind
the periods of highest viral replication and presumed
infectivity.

Several prior studies have suggested the NLR is a
useful marker of disease severity in COVID-19.””"" Our
data support the utility of NLR to stratify patients but,
importantly, our data show the association of NLR with
disease severity is not unique to patients with COVID-19
(Figure 2). Overall, the NLR may be useful as a proxy
for disease severity as a measure of a patient’s overall in-
flammatory state and may help stratify those at risk of
needing a higher level of hospital care."

Other hematologic laboratory values respon-
sive to inflammation include hemoglobin and RDW.
Interestingly, anemia was less common in patients with
COVID-19 (P =.075) and did not vary with illness
severity (Figure 2), fitting the muddled picture in the
literature; most analyses similar to our study show no
significant change in hemoglobin with worsening di-
>2* However, a small meta-analysis found a sig-
nificant association between decreased hemoglobin
concentrations and severity of COVID-19.” The
lack of consistent impact on RBC levels is somewhat

sease.
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surprising, as inflammatory cytokines blunt erythropoi-
esis (anemia of inflammation).” The hematologic data
in our study represent early time points in the disease
course for COVID-19 (all coming from the ED) and
may be too early to detect any changes in erythropoiesis
or erythrophagocytosis due to the disease.

Higher values of RDW are thought to reflect a
proinflammatory state and have been associated with
more severe illness in the critical care literature.””* RDW
increased steadily, and significantly, with disease se-
verity in both patients with and without COVID-19 in
our dataset. This finding is concordant with the find-
ings of Foy et al’’ showing increased mortality risk with
increasing RDW in patients with COVID-19. Somewhat
surprisingly, we found patients with COVID-19 tended to
have lower RDWs compared to patients without COVID-
19 overall (P = .035), and this held true for each level of
acuity examined (Figure 2). Also, patients with COVID-
19 were no more likely than patients without COVID-19
overall to have an abnormally high RDW (35% vs 36%,
P =.9278). As such, RDW holds utility as an indicator of
general illness severity but is not specific to COVID-19.

The reason for the slightly higher platelet counts
in our study compared to some others is unclear.”>” It
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may represent heterogeneity in our patient subgroups
or reflect local differences in disease characteristics, as
our median platelet count is similar to those reported
in case series from the Seattle, WA, area.”””** Lastly, Qu
et al'’ found that hospitalized patients with COVID-19
presenting with an elevated platelet count had worse
outcomes and that PLR was a risk factor for prolonged
hospitalization. Platelet counts may increase due to the
inflammatory milieu, and a slight increase in platelet
count in our critical group may be confounding the sta-
tistical analysis.

The non-CBC analytes in our dataset were not uni-
formly available for all patients, but several trends of in-
terest will be discussed further. We observed significant
increases in CRP and IL-6 in patients with COVID-19 and
corresponding changes in acute phase reactants, including
ferritin, fibrinogen, and albumin, compared to patients
without COVID-19. Serum albumin in particular showed
a dramatic decrease with increased illness severity in pa-
tients with COVID-19 and was lower than the compar-
ison group for each clinical course (Supplemental Figure
1). Patients in our critical COVID-19—positive group were
over 47 times more likely to have a low minimum albumin
compared to their peers in the ED COVID-19—positive
group (OR, 47.05; 95% CI, 13.95-158.7), suggesting this
common laboratory parameter may have utility as a
marker of disease severity in COVID-19.

Much has been made of coagulopathy in associa-
tion with COVID-19 due to the high rates of thrombotic
complications in reports from Wuhan with focus shifting
to a microthrombotic pathology as described in one of
the first autopsy studies.'”'***** Our dataset was not spe-
cifically focused on investigating markers of coagulation
and we did not collect information regarding rates of
anticoagulation, thus limiting interpretations. However,
our data fit the findings in the literature in which small
to negligible increases in PT and significantly longer
PTTs are noted in patients with COVID-19.%"'*%
7 Aside from the use of prophylactic or therapeutic
anticoagulation, especially heparin, one potential ex-
planation for the prolonged PTT we observed is the
presence of a lupus anticoagulant, antibodies against
phospholipids formed in hyperinflammatory states.
Lupus anticoagulant have been reported in 45% to 91%
of patients with COVID-19.”"*

Interpretation of D-dimer levels poses several chal-
lenges. Our study fits with numerous others showing that
D-dimer levels increase with disease severity in COVID-19,
but the use of this marker and an indicator of thrombotic
tendency in COVID-19 is fraught due to its correlation
with systemic inflammation.”***"*> Our data did not
show a significant difference in D-dimer levels between

© American Society for Clinical Pathology
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patients with and without COVID-19 overall (P = .1972).
However, this finding is confounded by differences in test
acquisition by clinical course between COVID-19-neg-
ative and —positive groups. Over half (65%) of D-dimer
tests in our COVID-19-negative group were ordered in
the ED course, where the analyte is frequently used to rule
out pulmonary thromboembolism (compared to 17% of
D-dimer tests in the COVID-19—positive group). In con-
trast, orders for D-dimer in COVID-19—positive patients
were enriched in the critical course (66%). While an ele-
vated D-dimer is an indication of fibrinolysis, this is not
an uncommon finding in hospitalized patients, particu-
larly those that are critically ill. The choice of comparison
group colors the interpretation of D-dimer elevation ob-
served in COVID-19.

Similar to our data, Helms et al” found lower
D-dimer levels in patients with COVID-19 in the ICU
compared to matched patients with ARDS. Meanwhile,
Yu et al’® compared D-dimer levels in severe cases of
COVID-19 to admitted patients with community ac-
quired bacterial pneumonia (CAP) and found higher
D-dimers in patients with COVID-19. This was despite
the fact that markers of inflammation, including CRP
and erythrocyte sedimentation rate, were higher in pa-
tients with CAP. In most of the patients with COVID-
19 they followed, D-dimer decreased along with CRP
following treatment. However, in a subset of patients
with COVID-19, D-dimer levels remained elevated, sug-
gesting the presence of thrombi and possibly the need
for more aggressive anticoagulation.*

Our study has a number of limitations. It is a retro-
spective, observational analysis of a narrow geographic
region during a specific period of time. Pediatric patients
(younger than 18 years) and those likely to have a neo-
plastic diagnosis, including leukemias and lymphomas,
were excluded. As we approximated clinical course from
origin of laboratory order instead of directly reviewing
the medical record for each patient, there is a risk of
incomplete or miscategorization of patients. While we
chose a significance level of P = .05, many of the lab-
oratory values are likely correlated, thus the statistical
significance of those close to this cutoff should be inter-
preted with caution. Lastly, non-CBC laboratory tests
are not uniformly represented in our dataset and thus
conclusions are limited by the possibility of ascertain-
ment bias from differences in ordering practices.

138

Conclusions

Our data bolster existing reports regarding labora-
tory alterations in patients with COVID-19. Overall, the
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laboratory findings we identified in COVID-19 patients
are similar to those previously described, but our findings
offer context to laboratory alterations in COVID-19 by
providing direct comparison to patients without the di-
sease at 3 different levels of acuity, a comparison lacking
in the existing literature. As outlined, some laboratory
alterations may be related to disease severity; however,
additional, larger, prospective studies in more diverse co-
horts are suggested to confirm the impressions in this ret-
rospective, observational study. We emphasize that none
of the changes in laboratory findings identified in this
study are sufficiently specific for COVID-19 to alleviate
the need for robust testing for the virus.
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