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ARTICLE INFO ABSTRACT

Keywords: Background: Coronavirus Disease 2019 (COVID-19) has variable clinical presentation, from asymptomatic to
Biochemical markers severe disease leading to death. Biochemical markers may help with management and prognostication of COVID-
COVID-19 19 patients; however, their utility is still under investigation.

2}1;}; Methods: A retrospective study was conducted to evaluate alanine aminotransferase, C-reactive protein (CRP),
Ferritin ferritin, lactate, and high sensitivity troponin T (TnT) levels in 67 patients who were admitted to a Canadian
Lactate tertiary care centre for management of COVID-19. Logistic, cause-specific Cox proportional-hazards, and
Troponin accelerated failure time regression modelling were performed to assess the associations of initial analyte con-

centrations with in-hospital death and length of stay in hospital; joint modelling was performed to assess the
associations of the concentrations over the course of the hospital stay with in-hospital death.

Results: Initial TnT and CRP concentrations were associated with length of stay in hospital. Eighteen patients died
(27%), and the median initial TnT concentration was higher in patients who died (55 ng/L) than those who lived
(16 ng/L; P < 0.0001). There were no survivors with an initial TnT concentration > 64 ng/L. While the initial
TnT concentration was predictive of death, later measurements were not. Only CRP had prognostic value with
both the initial and subsequent measurements: a 20% increase in the initial CRP concentration was associated
with a 14% (95% confidence interval (CI): 1-29%) increase in the odds of death, and the hazard of death
increased 14% (95% CI: 5-25%) for each 20% increase in the current CRP value. While the initial lactate con-
centration was not predictive of death, subsequent measurements were.

Conclusion: CRP, lactate and TnT were associated with poorer outcomes and appear to be useful biochemical
markers for monitoring COVID-19 patients.

1. Introduction

Coronavirus Disease 2019 (COVID-19), caused by exposure to the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), is
responsible for an ongoing pandemic that has thus far resulted in over
one hundred fifty million cases and more than three million deaths
worldwide [1]. While most cases present with mild symptoms or no
symptoms at all, some of those affected develop serious, potentially fatal
illness. The overall case fatality rate in Canada during the first wave of
the pandemic was 1.6% [2], with older patients dying at higher rates
than younger patients [3,4].

Many studies have demonstrated that COVID-19 affects not only the
respiratory tract, but also other systems and organs, including the heart,

liver, and gastrointestinal system, for example. Studies have demon-
strated that several important hematological and biochemical markers
are altered in patients with COVID-19 [5-7]. These biomarkers may be
important for prognostication and management of patients, particularly
those with co-morbidities and/or a severe course of the disease [8].
Patients presenting with severe COVID-19 (which may result in
admission to the intensive care unit (ICU) and/or death) tend to have
higher concentrations of pro-inflammatory cytokines (interleukins (IL):
IL-2, IL-6, IL8, and IL-10) [9,10]; increased inflammatory markers (C-
reactive protein (CRP), erythrocyte sedimentation rate, and ferritin)
[11-13]; and other biochemical markers (alanine aminotransferase
(ALT), bilirubin, high sensitivity cardiac troponin I (TnI) or T (TnT),
creatinine, creatine kinase, lactate dehydrogenase, and urea), but lower
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albumin levels [5,6,14]; lower lymphocyte and platelet counts [15,16];
and increased D-dimer levels and prothrombin time [17,18]. Even
though lactate, a marker of tissue perfusion perturbation, is frequently
measured to assess septic patients [19], limited information exists on its
utility in COVID-19 patients. The prognostic value of the aforemen-
tioned biochemical markers in COVID-19 patients is still under investi-
gation and, to our knowledge, there are limited published data on utility
of these biochemical markers in a Canadian population with COVID-19.
In this study, we aimed to characterize the impact of factors, such as age
and ICU admission, on outcome, as well as assess the potential prog-
nostic role of ALT, CRP, ferritin, TnT, and lactate in patients hospitalized
for COVID-19.

2. Methods
2.1. Patients

This retrospective study received ethics approval from the Lawson
Health Research Institute and Western University Research Ethics
Boards. Results of RT-PCR testing for SARS-CoV-2 virus infectivity from
nasopharyngeal swabs were provided by the Microbiology Laboratory at
London Health Sciences Centre (LHSC) between March 17, 2020 and
June 30, 2020. From this list, patients who tested positive were identi-
fied, and chart reviews were performed to identify which of these pa-
tients were admitted to hospital at LHSC (Victoria Hospital or University
Hospital, London, Ontario, Canada) for their SARS-CoV-2 infection.
Three patients who were believed by the clinicians to have a SARS-CoV-
2 infection based on clinical assessment but whose SARS-CoV-2 test
results were ‘inconclusive’ (rather than positive or negative) were also
included. In total there were 67 patients included in the study. There
were 16 patients admitted to ICU, and all but two of these patients were
admitted directly to ICU without being admitted to another ward first.

2.2. Laboratory testing and data collection

The ALT, CRP, and lactate testing were performed on Roche cobas
¢501 and ¢702 instruments. Ferritin and TnT testing were performed on
Roche cobas €801 instruments. In addition to testing with the Roche
assay, lactate was also measured as part of blood gas analysis on
Instrumentation Laboratory GEM Premier 4000 analyzers either in the
core laboratory or by point-of-care testing in the ICU. All lactate results
from various instruments/locations were treated as equivalent and
merged, as there were no known biases between them. For TnT, the 99th
percentile of the upper reference limit (URL) from healthy individuals is
14 ng/L.

Data on the ALT, CRP, ferritin, TnT, and lactate test results for the
study patients were obtained from the laboratory information system,
Cerner Millennium. Only results for the hospital visits during which the
patients were admitted were included, which included testing per-
formed while patients were in the emergency department. Most patients
(84%) had at least one of the tests of interest performed while they were
in the emergency department. The initial ALT, CRP, ferritin, lactate,
and TnT values for each patient during their hospital stay were deter-
mined from the collected data. Average concentrations for each of these
analytes were also determined when the test was performed more than
once on a patient within a calendar day. For four patients who had
concentrations below the assay reportable limits for some of the analytes
of interest, the analyte concentrations were changed to the corre-
sponding limit value.

2.3. Statistical analysis

Descriptive statistics were computed to characterize the study pop-
ulation in terms of its distribution by age and sex of the patients and the
initial concentrations of the analytes of interest. Mann-Whitney U tests
were used to test for differences in the distributions of continuous
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variables between groups, such as the age of patients in ICU vs. not in
ICU, the age of patients who died in hospital vs. survived, or analyte
concentrations between patients who died in hospital vs. survived.
Fisher’s exact tests were used to test for differences in the distributions
of binary variables between two groups, such as the proportions of pa-
tients in ICU or not in ICU who died in hospital. A receiver operator
characteristic (ROC) curve was generated to depict the estimated
‘sensitivity’ and ‘specificity’ of the TnT test result (over a range of
possible cutoff points applied to initial TnT concentration) vis-a-vis in-
hospital death.

The relationship between the length of stay in hospital and the initial
value of the tests of interest was estimated using an accelerated failure
time model, in which in-hospital deaths were treated as competing
events. A natural logarithm transformation was used for both the length
of stay and the initial test values, and a Weibull distribution was
assumed for the log-transform of the length of stay. Logistic regression
analyses were performed for death as a binary outcome to test for its
association with initial test values for the analytes of interest, with
adjustment of age and sex. The odds ratios were estimated from the
logistic regression models. To test the associations between the test
values measured repeatedly over time (rather than just the initial ana-
lyte values) and in-hospital death, a joint model of longitudinal data of
each test and the time to death in the presence of discharge as a
competing event was employed [20]. In the joint model, the longitudinal
measurements of each analyte were modelled by the mixed-effects
model allowing the intercept and the slope for time variable to vary
across patients, where natural-logarithm transforms of the test results
were used as the dependent variable and the time represents the days
since the initial test was performed. These models were fitted with
adjustment for age and sex. Then, the in-hospital mortality was
modelled by cause-specific Cox proportional-hazards regression with
adjustment of age and sex and jointly with the analytes measured
longitudinally to evaluate their effects with in-hospital death, where the
baseline hazard function was approximated by B-splines. The associa-
tion between the current value of the analyte and in-hospital mortality
was estimated from the joint models.

All analyses were performed using the statistical software R (version
3.6.1) or GraphPad Prism 8, and P < 0.05 was considered statistically
significant.

3. Results

Table 1 depicts the age and sex of the patients and the initial con-
centrations of the analytes of interest.
For the patients who were discharged alive, discharge occurred

Table 1
Descriptive statistics. Age, sex, and initial concentrations of the analytes of
interest.

All Patients (n  Reference Intervals

=67) Applicable to Study Patients
Age, Years (Median (IQR)) 70 (26)
Female (n (%)) 30 (45%)
Initial ALT Concentration (U/L) 30 (41) Male: <41
(Median (IQR)) Female: <33
Initial CRP Concentration (mg/L) 110.6 (144.1) <5.0
(Median (IQR))
Initial Ferritin Concentration (ug/ 738 (1576) Male:
L) (Median (IQR)) 20-<60 years: 30-400
>60 years: not available
Female:
15-<19 years: 4-114
19-<60 years: 13-150
>60 years: not available
Initial TnT Concentration (ng/L) 18 (29) <14
(Median (IQR))
Initial Lactate Concentration 1.6 (0.9) 0.5-2.2

(mmol/L) (Median (IQR))
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0-205 days after admission (there was one patient who was discharged
on the same day admission occurred), with a median (interquartile
range (IQR)) hospital stay of 11 (33) days. In the patients who died in
hospital, death occurred 3-36 days after admission, with a median (IQR)
period of 10 (15) days.

As shown in Table 2, patients admitted to ICU (median age, years
(IQR): 58 (16)) were younger than patients who were not admitted to
ICU (74 (29)) (P = 0.02). This is also represented in Fig. 1A. In addition,
patients who died (median age, years (IQR): 74 (19)) were older than
patients who were discharged (67 (24); P = 0.03). As shown in the cu-
mulative incidence plot in Fig. 1B, patients under 60 years of age had a
lower in-hospital mortality rate (P = 0.02) than patients aged 60 years or
older.

Sixteen of 67 patients were admitted to ICU, resulting in an ICU
admission rate of 24%. As shown in Table 2, 18 of 67 patients died in
hospital, resulting in an in-hospital death rate of 27%. Of the 16 patients
admitted to ICU, seven died, resulting in an in-ICU death rate of 44%,
while in 51 patients not admitted to ICU, eleven died, resulting in a
death rate of 22% (P = 0.1).

Not all patients had all the tests of interest performed during their
stay in hospital. Sixty-four out of 67 patients had ALT tested (96%), 65
had CRP tested (97%), 56 had ferritin tested (84%), 60 had TnT tested
(90%), and 64 had lactate tested (96%). In patients who had the analytes
of interest tested, most (82% for ferritin, 92-98% for the rest) of the
initial tests were performed within one day of admission.

Looking at the results of the analytes of interest, the initial ALT, CRP,
ferritin, TnT, and lactate concentrations had regression coefficients in
the accelerated failure models of —-0.08, 0.33, 0.08, 0.62, and 0.22,
respectively, (P = 0.7, 0.004, 0.6, 0.005, and 0.6, respectively) for their
associations with the length of stay in hospital after adjustment for age
and sex (Fig. 2). Specifically, for every 20% increase in the initial CRP
value, the average length of stay increased 6% (95% confidence interval
(CD: 2-11%; P = 0.004). For every 20% increase in the initial TnT value,
the average length of stay increased 12% (95% CI: 3-21%, P = 0.005).

As shown in Fig. 3, the initial TnT concentrations were higher (P <
0.0001) in patients who died (median 55 ng/L) than those who were
discharged (16 ng/L). Modelling death as a binary outcome against
initial TnT values using logistic regression, after adjusting for age and
sex, the estimated odds ratio was 1.37 (95% CI: 1.12-1.68; P = 0.002)
for a 20% increase in the initial TnT concentration, indicating a 37%
increase in the odds of in-hospital death. For a 20% increase in the initial
CRP concentration, the estimated odds ratio was 1.14 (95% CI:
1.01-1.30; P = 0.03), indicating a 14% increase in the odds of death. The
odds ratios for the associations of 20% increases in initial ALT, ferritin,
and lactate concentrations with in-hospital death were 0.98 (95% CI:
0.86-1.12; P = 0.7), 1.05 (95% CI: 0.94-1.18; P = 0.4), and 1.17 (95%
CI: 0.87-1.56P = 0.3), respectively.

The ROC curve analysis of initial TnT values had an area under the
curve of 0.83 (95% CI: 0.72-0.95; P = 0.0001) and identified a cutoff of
> 34 ng/L as the concentration with the highest Youden index (sum of

Table 2

Association of age with ICU admission or death, and association of ICU admis-
sion with death rate. Mann-Whitney U tests were performed to determine if older
patients were more likely to be admitted to ICU or to die. A Fisher’s exact test
was performed to determine if the death rate was higher in patients admitted to
ICU than in patients who were not in ICU.

Not in In ICU P Discharged Deceased P
ICU (n (n= Value (n = 49) (n=18) Value
=51) 16)
Age, Years 74 (29) 58 0.02* 67 (24) 74 (19) 0.03*
(Median (16)
(IQR))
Death 11 7 0.1
Rate, n (22%) (44%)

(%)
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sensitivity and specificity estimates — 1) for in-hospital death (Fig. 4).
The sensitivity estimate at this cutoff was 67% (95% CI: 42-85%) and
the specificity estimate was 84% (95% CI: 71-92%). A specificity esti-
mate of 100% (95% CI: 92-100%) was achieved at an initial TnT cutoff
of > 64 ng/L, which had a sensitivity estimate of 47% (95% CI:
25-70%). Thus, none of the patients who survived had an initial TnT
concentration > 64 ng/L. In the 18 patients who died, TnT was not
tested in three and the initial TnT concentration was > 64 ng/L in seven.

The longitudinal modelling of repeated measurements of the analy-
tes demonstrated that ALT, CRP and ferritin values tended to decrease
approximately 2%, 1% and 1%, respectively, for one-year increases in
age, whereas TnT and lactate values increased 3% and 0.3%, respec-
tively, for one-year increases in age (P = 0.03 for lactate and < 0.001 for
the rest). It also showed that CRP, ferritin, and lactate values tended to
decrease over time in patients during their stay in hospital (approxi-
mately 8%, 3% and 0.6% decreases per day, respectively; P < 0.0001 for
all), whereas TnT values tended to increase 0.5% per day (P = 0.03). The
median (IQR) number of tests performed in each patient was 2 (3) for
ALT, 4 (7) for CRP, 2 (5) for ferritin, 4 (5) for TnT, and 3 (16) for lactate.
When joint modelling of longitudinal measurements of the analytes and
time to in-hospital death was performed, the associations between ALT,
ferritin, and TnT concentrations over the course of the hospital stays
with in-hospital death were not statistically significant: 1% decrease
(95% CI: —17-19%; P = 0.9), 6% increase (95% CI. —7-20%; P = 0.4)
and 2% increase (95% CI: —2-7%; P = 0.3), respectively, in the hazard
of in-hospital death for each 20% increase in analyte concentration. CRP
and lactate values were associated with the hazard of in-hospital death.
A 20% increase in the current value of CRP was found to be associated
with a 14% (95% CI: 5-25%; P = 0.003) increase in a patient’s hazard of
in-hospital death. A 20% increase in the current value of lactate was
found to be associated with a 99% (95% CI: 17-241%; P = 0.01) increase
in a patient’s hazard of in-hospital death.

4. Discussion

Despite several reviews and meta-analyses evaluating the importance
of biomarkers for the monitoring and prognostication of COVID-19 pa-
tients, the role of biochemical markers in this disease is still under
investigation. To date there are also limited data on the commutability
of results published from other countries to the Canadian patient pop-
ulation. Therefore, we performed a retrospective study to evaluate
several key biochemical markers (ALT, CRP, ferritin, TnT, and lactate) in
SARS-CoV-2 positive patients who were admitted at LHSC during the
first wave of the pandemic (March 17, 2020 to June 30, 2020). Data on a
total of 67 patients were evaluated. The rationale for biochemical testing
includes monitoring disease course and recognizing patients who are
likely to have poorer prognoses [8]. The International Federation of
Clinical Chemistry and Laboratory Medicine, a global medical/scientific
organization involved in standardizing practices in laboratory medicine,
has recently published interim guidelines on biochemical/hematologi-
cal testing of COVID-19 patients [8]. Of the dozen biochemical markers
presented in the guideline, we selected ALT, CRP, ferritin, and TnT to
evaluate, in order to assess the acute phase and inflammatory state of the
patients, along with multiorgan involvement (e.g., liver and heart).
There are limited data on lactate, a sepsis marker commonly used to
assess tissue perfusion perturbation [19], in COVID-19 patients; thus, we
assessed its utility also.

In terms of length of stay in hospital, we observed that increased
initial TnT values were associated with longer time until discharge. The
initial concentrations of TnT were also significantly associated with in-
hospital death, whereby a 20% increase in the initial TnT concentra-
tion was associated with a 37% increase in the odds of in-hospital death.
The initial TnT levels were significantly higher in patients who died than
in those who were discharged, and none of the patients who survived
had an initial TnT concentration > 64 ng/L. Interestingly, TnT con-
centrations over the course of the patients’ stay in hospital did not show
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Fig. 1. Box and whisker plot comparing age distributions of patients who were not admitted to ICU and patients who were admitted to ICU (A). *, P < 0.05 according
to Mann-Whitney U test. Cumulative incidence plot treating discharge and death as competing events (B). The impact of age < 60 years or > 60 years on discharge or

death was determined. *, P < 0.05.
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statistically significant associations with death, but rather it was the
initial TnT that was most informative in terms of prognosis. Other
studies have also found higher troponin values to be associated with
poorer prognosis in COVID-19 patients [21-25]. Zhou et al. demon-
strated that a cutoff of 28 ng/L for high sensitivity Tnl was associated
with significant in-hospital mortality with an odds ratio of 80 (95% CI:
10-620) [23]. In addition, De Michieli et al. demonstrated that a single

*, P < 0.0001 according to Mann-Whitney U test.

overall cutoff of high sensitivity Tnl of 26 ng/L was associated with
death with an overall area under the curve of 0.811, and the authors also
concluded that peak high sensitivity Tnl concentration was not more
informative than the initial value [26], similar to our observation.
Interpretation of cardiac troponin levels in COVID-19 patients must be
done with caution as some studies are based on TnT and others on Tnl,
some are based on high sensitivity assays while others are not, and some
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of the available literature does not report the manufacturer of the assay
or the 99th percentile of the URL, thus making extrapolation and
interpretation of data difficult [25]. Nonetheless, overwhelming evi-
dence exists to demonstrate that cardiac troponin appears to be elevated
in patients with severe COVID-19, most likely resulting from myocardial
dysfunction caused by the infection or by the host response [27-29].
Myocardial injury could also be caused by COVID-19-related type 1 or 2

myocardial infarcts, myocarditis, cardiomyopathy, microvascular
dysfunction, arrhythmias, coagulopathies, or cytokine storm
[25,30,31].

Similar to TnT, we observed that increased initial CRP values were
significantly associated with longer time until discharge and in-hospital
death. A 20% increase in the initial CRP concentration was associated
with a 14% increase in the odds of death. Furthermore, CRP concen-
trations throughout the hospital stay continued to relate to the occur-
rence of death. As the current CRP concentration increased by 20%, the
hazard for in-hospital death increased by 14%. Several other studies
have also demonstrated that CRP was positively correlated with disease
severity, morbidity, and mortality in COVID-19 patients [11,32-36],
and that CRP was a good predictor of adverse outcome [36].

With regard to lactate, while the initial lactate concentrations were
not associated with increased mortality, the lactate concentrations over
the course of the hospital stay were associated with death. As the current
lactate concentration increased by 20%, the hazard for in-hospital death
increased by 99%. This suggests that the tissue perfusion perturbation
was worsening as patients became more ill from the disease. This is not
surprising as patients with acute respiratory distress syndrome and
sepsis often encounter hyperlactatemia and tend to have poor prognosis
[19,37]. Another study demonstrated that a delta arterial-central venous
lactate (with higher lactate in the arterial sample than in the central
venous sample) was higher in severely ill and mechanically ventilated
COVID-19 patients and was associated with poorer prognosis [38].

We did not observe notable changes with respect to ALT or ferritin in
our study, despite several studies indicating increased association of
liver injury and acute phase response in COVID-19 patients [13,39]. We
speculate that liver injury in COVID-19 patients may occur due to a
number of mechanisms, such as direct hepatocellular injury from the
SARS-CoV-2 virus, hepatocytotoxicity resulting from various medica-
tions used to manage the patient, the presence of a hyperinflammatory
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syndrome, acute respiratory distress syndrome-related hypoxic liver
injury, or hemodynamic instability, which could add to the variability of
data reported for liver injury in COVID-19 patients [40,41]. A recent
review reported that out of 128 studies, only one case study showed
severe liver failure to be associated with COVID-19, whereas the ma-
jority of the studies demonstrated mild to moderate liver injuries [42].
This same study also concluded that liver failure was exceedingly rare
and that high (e.g., > 10x URL) aminotransferase levels were an un-
common phenomenon in COVID-19 patients [42]. Furthermore, many
published studies evaluated aspartate aminotransferase (AST) as an
assessment of liver injury [43]. Because AST is not liver-specific,
elevated levels may reflect injury of other organs (e.g., heart, muscle,
kidney, or brain), not just the liver. As for ferritin, being an acute phase
reactant, we expected it to increase in concert with increased CRP levels;
however, this was not the case in our study. Generally, ferritin levels
have been observed to be mildly to moderately elevated in COVID-19
patients [44]. However, reports for this analyte appear to be variable
also, as others have shown ferritin levels did not increase with the
severity of COVID-19 infection [45].

Our analysis revealed that the patients who were admitted to the ICU
were younger than the patients who were not admitted to ICU. In
addition, patients aged < 60 years had a lower rate of in-hospital mor-
tality compared to patients who were > 60 years of age. We were sur-
prised by these results and had expected older patients to be more likely
to be admitted to ICU; however, our observations are consistent with a
recent Canadian study by Papst et al. observing that ICU-related in-
terventions and admissions were spread over a slightly younger age
range, while hospitalizations were uniformly spread across a wide age
range and mortality was skewed to the older population [3]. Another
study observed older aged patients were more likely to be admitted to
the ICU [46], while others observed no difference in the age of patients
admitted to ICU [47,48]; thus, data on this aspect remain variable. There
may be regional differences in the decisions about which patients to
admit to ICU that could account for differences in observations between
the studies. Others have also documented that older patients, particu-
larly those > 65 years of age, are more susceptible to morbidity and
mortality from COVID-19 [4,49]; thus, our data are consistent with
published literature in this regard. We calculated an ICU admission rate
of 24% and an ICU mortality rate of 44%; the mortality rate in patients
not admitted to the ICU was lower at 22%, resulting in an overall in-
hospital mortality rate of 27%. The higher mortality rate in patients
admitted to ICU was expected, as it is assumed that patients with more
severe disease and requiring a higher level of management would be
more likely to be admitted to ICU. Our results are similar to studies from
China, Italy, and USA that reported a mortality rate ranging from 23% to
62% in critically ill COVID-19 patients [50-53]. Our data are also
consistent with a recent meta-analysis that demonstrated an overall ICU
admission rate of 32% and an overall ICU mortality rate of 39% [54].
The ICU mortality rate in our study was higher than previously reported
by Mitra et al. in another Canadian institution; this study reported an
ICU death rate of 15%, however data on overall in-hospital mortality
were not available [55].

5. Limitations

There are several limitations to note in this study. First, the number
of participants (n = 67) represents a small sample size. We were limited
to the number of COVID-19 patients who presented to our health centre
during the time of this study. Second, not all patients received testing on
all analytes (96%, 97%, 84%, 90%, and 96% of patients had ALT, CRP,
ferritin, TnT, and lactate tested, respectively), and the period between
presentation at the hospital and initial testing of each of the analytes was
variable for the patients who did have the tests performed, as was the
time between symptom onset and initial testing. Third, the patients were
from a single centre and may not represent the patient demographics or
practices found across other institutions in Canada. Fourth, other than
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age and sex, we did not control for patient anthropometrics, comor-
bidities, or demographics in our analyses on the associations between
analyte levels and patient outcomes. Fifth, we did not include other
important biochemical analytes, such as creatinine for assessment of
acute kidney injury in COVID-19 patients. Due to lack of foresight on the
authors’ part, our ethics approval did not include creatinine on the list of
approved biochemical markers to be examined in this retrospective
study. Lastly, the patients included in this study were those that were
affected by the first wave of the pandemic, which largely affected the
most vulnerable and susceptible populations (e.g., elderly individuals in
long-term care homes or front-line workers in close proximity to one
another or to infected individuals without appropriate personal pro-
tective equipment) and there was not a clear understanding of the dis-
ease in question. It will be interesting to see how these data reflect what
happens in future waves of the pandemic.

6. Conclusion

In summary, in this retrospective study of 67 hospitalized COVID-19
Canadian patients, we observed that CRP, TnT, and lactate concentra-
tions were associated with in-hospital death and longer time to
discharge from hospital in COVID-19 patients. For TnT, the first mea-
surement from the admission had more prognostic value than subse-
quent measurements; for CRP both initial and subsequent measurements
had prognostic value; and for lactate, the concentrations over the course
of the patients’ stay in hospital showed a stronger association with pa-
tient outcome than the initial values. Larger, prospective studies are
required to further evaluate the importance of these biochemical
markers (and others) in the Canadian population affected by COVID-19.
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