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ABSTRACT

Infroduction. The role of the laboratory during the COVID-19 pandemic is not limited to just diagnosis of the
disease, but also in clinical decision-making, by providing information on relevant laboratory biomarkers.
Clinicians also use Ct value to guide patient management. There are limited studies available locally
regarding the significance of Ct value and pertinent laboratory biomarkers in COVID-19 patients. This study
aimed to assess the aforementioned laboratory data, along with the clinicopathologic characteristics of
affected patients, and determined if this information may be useful for robust clinical decision-making.

Methodology. In this refrospective analytic study, we identified 325 out of 1,049 adult Filipino inpatients
diagnosed with COVID-19 and analyzed their Ct values and pertinent laboratory biomarkers such as
neutrophil and lymphocyte count, platelet count, LDH, ferritin, procalcitonin, CRP, AST/SGOT, ALT/SGPT, PT/
INR, and D-dimer, and correlated them with the severity of the disease.

Results. Two hundred twenty (67.7%) patients had non-severe disease, while 105 (32.3%) had severe disease.
Lower Ct values of ORFlab (median = 26.4) and N (median = 24.8) genes were seen in the severe group
compared to the non-severe group and were found to be significant (p<0.001). Laboratory markers
(neutrophil, platelet counts, LDH, ferritin, procalcitonin, CRP, AST, PT/INR, and D-dimer) were associated
with severe COVID-19. On the other hand, ALT was not associated with severe disease.

Conclusion. The laboratory biomarkers together with Ct value and overall clinical picture may provide
valuable information to physicians for more robust clinical decision-making.
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aged 60-69 years (26%) followed by those aged 70-79 years
(22%), and around 14% of deaths involved those aged
80 years and up.?

Currently, both globally and in the Philippines, the most
widely used method to confirm the diagnosis of COVID-19
is by detecting viral nucleic acids in respiratory tract
samples with real time reverse transcriptase polymerase
chain reaction (RT-PCR).*> The WHO recommends that
SARS-CoV-2 RT-PCR tests detect certain viral genes, such
as ORFlab (Open Reading Frame) and N (nucleocapsid),
which were discovered early in the viral genome, alongside
S (spike) and £ (envelope) genes.* These genes in particular
code for major structural proteins in the SARS-CoV-2

@@@ > virus, which help to differentiate it from other members
’ of the coronavirus family’ The data obtained by RT-
Crossref PCR test is reported as cycle threshold (Ct) value, which
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represents the number of times an amplification of a target
gene occurs prior to detection.®” Ct values in theory can
represent an indirect measurement of viral load, and their
relationship is inversely proportional, such that a higher
viral load would be represented by a lower Ct value.® The
RT-PCR for the detection of SARS-CoV-2 viral RNA is a
qualitative test, i.e., a Ct value less than the determined
cut-off value is considered positive and the absence of
a Ct value or more than the set cut-off is considered as
negative.® Although RT-PCR for COVID-19 testing is a
qualitative test, the majority of the clinicians use the Ct
value in the management of patients.”!® Current data
suggest that a lower Ct value may be associated with poor
prognosis, abnormal biomarkers, and generally a worse
clinical outcome, though this is not consistent, as Ct values
can be affected by other variables inherent to the test itself
or by individual patient variables.”®!!

Of note is the multitude of variables that affect the Ct
value. The majority of these variables are pre-analytic,
which can include patient factors, disease factors, sampling
methods, specimen transport and age.'? With regards to
sampling technique, the laboratory cannot distinguish
whether it is of an anterior nasal swab, a mid-turbinate
swab, or a combined oro/nasopharyngeal swab. The lack
of a standardized sampling method may contribute to the
variability of the Ct value because of the differences in
sample quality, with lower sensitivities found in nasal swabs,
throat swabs, and saliva. RNA material concentration
varies in specimen type and therefore has an influence on
the Ct value.'*"

The clinical picture of COVID-19 varies widely, and can
range from asymptomatic persons, or those with a mild
upper respiratory tract illness, up to severe or critical
cases of acute respiratory distress requiring mechanical
ventilation with high morbidity and mortality (up to
94%).>1*

Correlation with the patient’s history is important when
dealing with Ct values. It was reported that the highest
viral load belonged to the presymptomatic stage. Thus,
the timing of specimen collection must be noted by the
clinician when interpreting the Ct value.’” Another study
has shown that Ct values are highest among asymptomatic
infections, with the values decreasing as the patients become
presymptomatic and symptomatic. This supports the idea
that Ct values reflect viral load and disease severity.'®

In addition, some patients may exhibit prolonged viral
shedding, with low Ct values persisting particularly
in patients with more severe disease, the elderly and
immunocompromised population, and in those without
proper antiviral treatment. Those with more severe
disease had detectable Ct values up to 28 days after the
onset of symptoms.'” It is postulated that a less robust
immune response in the elderly and immunocompromised
populations may contribute to the persistence of the virus,
and hence the persistence of detectable viral particles
upon testing.!”!®

There are also some cases wherein patients who meet
hospital discharge criteria and are sent home, still have
positive RT-PCR results. Their Ct values gradually increase
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until they test negative. However, for some patients,
symptoms recur, and Ct values also remain low, suggesting
re-infection. Hence, post-discharge patient monitoring
is important in curbing the spread of COVID-19."

In the diagnosis of COVID-19, clinical assessment of
patients are important, and this is supplemented by the
provision of biomarkers or laboratory markers which
provide clinicians with objective information that can impact
patient care.?’ Different biomarkers are recommended for
use, including hematologic, immunologic, inflammatory,
coagulation, and biochemical markers, which reflect the
underlying pathophysiology of SARS-CoV-2 infection.'**
With the emergence of studies involving biomarkers in
COVID-19 disease, it is being increasingly recognized that
this is not confined to the respiratory system, but instead
is a disease that involves multiple organ systems.'*?*?! The
role of the laboratory during this time is not only limited
to the detection of this novel disease entity, but also to aid
patient management by reporting of pertinent laboratory
parameters or biomarkers. These biological substances can
be objectively measured and evaluated, and give clinicians
insight into disease progression, patient prognosis, and
therapeutic monitoring of medical and pharmacological
interventions, 222

To our knowledge, there are limited studies available
locally regarding the significance of Ct value and pertinent
laboratory biomarkers in COVID-19 patients.” In this
study, we assessed these laboratory data along with the
clinicopathologic findings of affected patients and
determined if this information may be useful for clinicians
for more robust clinical decision-making.

METHODOLOGY

Population and sampling

In this retrospective study, we included adult (19 years old
and above) Filipino inpatients diagnosed with COVID-19
by RT-PCR in The Medical City, a tertiary hospital in
Pasig City with a 500-bed capacity, from April 2020 to
December 2020. Pediatric patients (aged 18 years and
below), asymptomatic COVID-19 patients, patients without
available laboratory work-up, and those who consulted
the institution on an outpatient basis were excluded from
the study (total excluded, n = 724).

The patient demographic data, clinical diagnosis and
other pertinent medical history were obtained by review
of electronic medical records. The initial SARS-CoV-2
RT-PCR result (including the Ct values of ORFlab and
N genes) and other laboratory workup were retrieved
using the laboratory information system (LIS).

RNA extraction for all samples was performed using the
GeneFinder EX-MATE 32 instrument. The corresponding
extraction kit is the GeneFinder Viral DNA/RNA Extraction
kit. Samples were treated with a lysis buffer in order
to free the nucleic acids, which then get bound to the
magnetic particles. Washing was done to separate the
unneeded lysed cellular components, leaving only the
desired eluate containing RNA. The eluate was then
processed for RT-PCR.
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The test kit used for the RT-PCR assay was Sansure Biotech,
which targets viral ORFlab and N genes. Fluorescent dyes
were used in order to distinguish the amplifications of the
different targets. The dyes used were FAM for ORFIlab
gene, ROX for N gene, and Cy5 for RNase P gene (internal
control). The assay has a manufacturer-declared positive
agreement rate (sensitivity) of 94.34% (95% CI: 84.34 ~
98.82%) and a negative agreement rate (specificity) of
98.96% (95% CI: 96.31 ~ 99.87%). All samples were run in
the Bio-rad CFX thermal cycler instrument. The entire process
was performed in accordance with the manufacturer’s
recommendations. Batch runs of RT-PCR were considered
valid if the negative controls had no amplifications for all
three targets, and if the positive controls had amplifications
in all targets with Ct values of 40 or lower. Individual
samples were considered valid (have adequate extracted
RNA) if they have amplification of their internal control
(Cy5 channel) with Ct value of 40 or lower. A positive result
was rendered if the sample had any amplification with
Ct value or 40 or lower in either FAM or ROX channel.
Negative results were rendered for samples that had no
amplification in both FAM and ROX channels.?*

A cut-off of 30 was used to classify Ct value, wherein Ct
values below 30 were considered low, and Ct values above
30 were considered high.?>? Other laboratory parameters
included in the study were based on the Interim Guidance
on the Clinical Management of COVID-19 Version 3.1
document, which recommended the following parameters
to support the diagnosis of COVID-19: neutrophil count,
lymphocyte count, platelet count, lactate dehydrogenase
(LDH), ferritin, procalcitonin, c-reactive protein (CRP),
aspartate aminotransferase (AST/SGOT), alanine amino-
transferase (ALT/SGPT), PT/INR, and D-dimer.?

The identified patients included in the study were further
subdivided into two groups, depending on the clinical
severity of the disease.” The non-severe group consisted of
patients who did not require critical care and/or mechanical
ventilation, and with O2 saturation =92% at room air
upon admission.® The severe group comprised patients
requiring critical care and/or mechanical ventilation, and
with O, saturation <92% at room air upon admission.
This study was given a full review and approved by the
institutional board review of The Medical City.

Analysis

The demographic data for each case, which included
patient age, sex, co-morbid illness, and respiratory status
were determined by frequency, percentage, median and
interquartile range. The age of both groups was subjected
to Mann-Whitney U test, while sex and co-morbid illnesses
were subjected to Chi-square and Fisher-exact test.
Laboratory data for both groups were determined by
frequency, percentage, median and interquartile range
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and subjected to Mann-Whitney U and Chi-square test
where appropriate.

RESULTS

We identified a total of 325 patients diagnosed with
COVID-19. There were 154 (47.4%) women and 171
(52.6%) men with a median age of 62 years (range, 19
to 94 years). Two hundred twenty (67.7%) patients were
classified as non-severe, and 105 (32.3%) patients were
classified as severe. Among the severe cases, 69 (65.7%)
ended in mortality, while 36 (34.2%) recovered. All 220
(67.6%) patients in the non-severe group recovered. Patient
age was found to be significantly associated with disease
severity (p< 0.001), while patient sex had no association
(p=0.068) (Table 1).

All laboratory parameters, including Ct value, were found
to be associated with disease severity (p<0.001). Lower
Ct values of ORFlab (median = 26.4) and N (median =
24.8) genes were seen in the severe group compared to the
non-severe group. For hematologic parameters, the severe
group showed increased neutrophils (81%) and decreased
lymphocytes (8%) compared to the non-severe group, while
platelet count remained within the normal range for both
groups. Platelet count remained within range for both
groups, however, there were generally lower counts in the
severe group (median = 215, p=0.001). The coagulation
parameter of PT/INR was found to be within the normal
range for both groups, while an elevated D-dimer test was
more commonly found in the severe group (n=58/105,
55.2%). Tests for liver enzymes showed elevation of AST/
SGOT in the severe group compared to the non-severe
group, while ALT/SGPT remained within range. Markers
of inflammation — including LDH, ferritin, procalcitonin,
and CRP - were all found to be more elevated in the severe
group compared to the non-severe group. A tabulated
summary of these findings is seen in Table 2.

Nearly all patients (n=311/325, 95.7%) had community-
acquired pneumonia (CAP). The most common co-morbid
illness was diabetes mellitus (n=93/325, 28.6%), followed by
hypertension (n=89/325, 27.4%). There was also a variety
of other illnesses which included conditions such as acute
kidney injury (AKI) (n=20/325, 6.2%), acute respiratory
distress syndrome (ARDS) (n=49/325, 15.1%), septic shock
(n=36/325, 11.1%), and others (n=116/325, 35.7%) —
heart failure, myocardial infarction, acute gastroenteritis,
asthma, chronic obstructive pulmonary disease, Alzheimer’s
disease, acquired immunodeficiency syndrome, bipolar
disorder, breast cancer, lung cancer, pancreatic cancer,
multiple myeloma, T-cell Acute Lymphoblastic Lymphoma,
cerebrovascular disease, hypothyroidism, multinodular
goiter, intracerebral hemorrhage, pulmonary tuberculosis,
urinary tract infection, acute pyelonephritis, and

Table 1. Patient demographic characteristics

Characteristics All patients (n=325) Non-severe (n = 220) Severe (n = 105) p
Age, years 62 [12] 59 [20] 68 [22] <0.001*
Sex

Male 154 (47.4%) 111 (50.5%) 43 (41.0%) 0,068
Female 171 (52.6%) 109 (49.5%) 62 (59.0%)

Median [Interquartile Range]; Frequency (%); *Mann-Whitney U-test, *Chi-square test
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Table 2. Ct value and pertinent laboratory parameters among patients with COVID-19

Characteristics Reference range All patients (n=325) Non-severe (n = 220) Severe (n =105) p
ORFlab Gene <40 29.0 [8.4] 30.1[7.7] 26.4 [6.6] <0.001"
N Gene <40 27.2[8.2] 28.3[7.8] 24.8 [6.8] <0.001"
Neutrophil 56—66% 76 [17] 72 [17] 81[11] <0.001*
Lymphocyte 22-40% 18 [17] 22 [17] 9[11] <0.001*
Platelet count 140-440 x 10°/L 245 [122] 258 [118] 215 [121] <0.001*
D-dimer 0.0-0.50 ug/mL 0.7 [1.2] 0.6 [0.7] 1.3[2.2] <0.001*

Not elevated <0.50 ug/mL 79 (24.3%) 61 (27.7%) 18 (17.1%) <0.0015

Elevated >0.50 ug/mL 126 (38.8%) 68 (30.9%) 58 (55.2%)

PT/INR 0.8-1.1 1.0[0.1] 1.0[0.1] 1.0[0.1] 0.003"
LDH 120-246 U/L 369 [218] 326 [164] 487 [268] <0.001"
Ferritin 17.9-464.00 ng/mL 792.5[1,241.0] 647.0 [907.0] 1,350.0 [1,868.0] <0.001*
Procalcitonin 0.0-0.50 ng/mL 0.1[0.5] 0.1[0.2] 0.5[3.0] <0.001*

Not elevated <0.50 ng/mL 223 (68.6%) 172 (78.2%) 51 (48.6%)

Elevated >0.50 ng/mL 77 (23.7%) 25 (11.4%) 52 (49.5%) <0.001°
CRP 1.00-3.00 mg/L 86.6 [117.5] 68.5[109.7] 137.9[175.3] <0.001"
AST/SGOT 17.0-59.0 U/L 61[52] 53[43] 75 [70] <0.001*
ALT/SGPT 0.0-50.0 U/L 46 [49] 45 [47] 48 [57] <0.341"

median [interquartile range]; frequency (%); “Mann-Whitney U-test; *Chi-square test

Table 3. Co-morbid illnesses present in patients with COVID-19

Co-morbid illness All patients (n=325) Non-severe (n = 220) Severe (n = 105) p
Diabetes mellitus 93 (28.6%) 60 (27.3%) 33 (31.4%) 0.259°
Hypertension 89 (27.4%) 53 (24.1%) 36 (34.3%) 0.037%
ARDS 49 (15.1%) 5(2.3%) 44 (41.9%) <0.001"
Septic shock 36 (11.1%) 1(0.5%) 35 (33.3%) <0.001"
AKI 20 (6.2%) 6(2.7%) 14 (13.3%) <0.001"
CAP - High risk 104 (32.0%) 15 (6.8%) 89 (84.8%)

CAP - Moderate risk 202 (62.2%) 186 (84.5%) 16 (15.2%) <0.001"
CAP - Low Risk 5 (1.5%) 5 (2.3%) 0(0.0%)
Other illnesses 116 (35.7%) 86 (39.1%) 29 (27.6%) 0.028"

Frequency (%); *Chi-square test; "Fisher-exact test

Table 4. Respiratory status of patients with COVID-19

Respiratory status All patients (n = 325)

Non-severe (n = 220) Severe (n = 105)

Room air (ward) 99 (30.5%) 99 (45.0%) 0(0.0%)
Nasal cannula 114 (35.1%) 114 (51.8%) 0(0.0%)
Face mask 7 (2.2%) 7 (3.2%) 0(0.0%)
Room air (ICU) 15 (4.6%) 0(0.0%) 15 (14.3%)
Intubated 86 (26.5%) 0(0.0%) 86 (81.9%)
Tracheostomy 4(1.2%) 0(0.0%) 4 (3.8%)

Frequency (%); *Chi-square test

myocarditis. There was also a higher percentage of patients
with co-morbid illness in the severe group (Table 3). The
presence of co-morbid illness, except for diabetes mellitus,
was found to be significantly associated with disease severity
(Table 3).

The majority of patients in the non-severe group were
placed on oxygen support via nasal cannula (n=114/325,
35.1%), or tolerated room air (n=99/325, 30.5%), while
majority of patients in the severe group were intubated
(n=86/325, 26.5%) (Table 4).

DISCUSSION

This study finds that Ct values are lower in the severe
group compared to the non-severe group for both ORF1ab
and N genes (Table 2, Figure 1). In addition, the severe
group had worse respiratory status, since these patients
needed ICU admission, intubation, or tracheostomy (Table
4). These patients were in the older age group (median =
68 years, interquartile range [IQR] = 22), and had worse
clinical outcomes consisting of High-Risk CAP, ARDS, AKI,

and septic shock (Table 3). This appears to be consistent
with data reported from a metanalytic study by Rao et
al.” Their findings state that lower Ct values (median
34.79) were seen in patients who died compared to those
who survived (median = 37.43); lower Ct values were also
present in patients who had severe disease progression
(Ct value = 24); and that lower Ct values were associated
with an increased risk of mortality.” In addition, Ct values
below 30 were found to be associated with a higher risk
of severe disease and hospitalization in comparison to
those patients with Ct-value higher than 30.%% However,
it should be noted that the studies described in the meta-
analysis involved mostly hospitalized adult patients, and
may be subject to a population bias.

Another meta-analysis however, found no association
between COVID-19 disease and Ct value.*** Their
findings were more variable, wherein the Ct value was
either increased or decreased among hospitalized patients;
did not differ among patient groups with differing disease
severity; and the Ct values were not associated with risk of
hospitalization.?**” The reason for these findings may be
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due to several factors, majority of which are pre-analytic.
These factors include timing of taking patients’ sample,
the adequacy of the swab material, and the type of sample
included in each study.”**” There are also factors inherent
to the PCR process itself which can affect the Ct value.
These factors include the presence of inhibitors within
the patient’s swab sample, the PCR test kit used, the kit
reagents, and the efficiency of RT-PCR procedure.®26-%
Furthermore, though Ct value is used as a surrogate marker
for viral load in the absence of a viral culture, they may not
have a linear relationship due to the aforementioned pre-
analytic and analytic factors described.®*® Majority of RT-
PCR kits available locally for COVID-19 are qualitative in
nature, as complex procedures are required to standardize
quantitative PCR tests.” Due to the heterogenous findings
on the correlation of Ct values with clinical outcomes and
laboratory parameters among patients with COVID-19, we
maintain that qualitative reporting of Ct value is sufficient
for rendering a diagnosis. The reporting of Ct value may be
considered on a case-to-case basis, with particular emphasis
that clinicians should correlate these values with their
overall clinical and laboratory assessment per patient.*%%”

For the pertinent laboratory parameters, abnormal values
were present in both groups of patients, however the
inflammatory biomarkers, coagulation studies, hematologic
markers and liver enzymes were more elevated in the
severe group (Table 2). Specifically for hematologic
markers, patients with severe COVID-19 disease had
higher neutrophil count (median = 81%, IQR = 11) and
lower lymphocyte count (median = 9%, IQR = 11) (Figure
2). Findings of neutrophil and lymphocyte counts are
similar to other studies, and it is suggested that lymphocyte
counts below 0.8 x 10%L and neutrophil counts higher
than 3.5 x 10%L reflect a poor clinical outcome and are
associated with COVID-19 disease severity.'*?* Besides
the differential count, the determination of Neutrophil-
Lymphocyte ratio (NLR) is of interest to clinicians, as a
higher NLR was found to be associated with worse clinical
outcomes in inflammatory conditions, some cancers,
and as a predictor of cardiovascular mortality.222%% It is
proposed that infection with the SARS-CoV-2 virus triggers
activation of the innate immune system, manifested by
neutrophilia and elevated acute phase reactants, which
was found in our study.**" Therefore in the local setting,
it is recommended to determine complete blood counts
of COVID-19 patients, in order to compute the NLR for
prognostication and clinical management.

The coagulation markers routinely tested in COVID-19
patients in the local setting include PT/INR and D-dimer,
and in the current study this was found to be associated
with severe disease (Table 2, Figure 5).% Platelet counts were
lower in the severe group (p<0.001) (Table 2, Figure 3),
the median D-dimer value was higher (median = 1.3 ug/
mL, IQR = 2.2), while PT/INR values were similar between
groups (median = 1.0, IQR = 0.1). This is similar to the
findings in a meta-analysis, wherein patients with severe
disease exhibit thrombocytopenia, significant elevation
in D-dimer, but with variable findings of PT/INR.!*223!
In particular, the abnormalities of coagulation have been
associated with those COVID-19 patients who are in the
ICU setting.'*** These findings point to an underlying
coagulopathy caused by the virus, whose pathophysiology
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Figure 1. Cycle threshold values in non-severe and severe groups
of patients with COVID-19.
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Figure 2. Neutrophil and Lymphocyte counts of non-severe and
severe patients with COVID-19.
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Figure 3. Platelet counts among non-severe and severe patients
with COVID-19.

is not yet well understood.?**"* It is proposed that one
of the mechanisms of coagulopathy is viral infection
of the vascular endothelial cells, causing injury and
activation of the fibrinolytic system with microthrombi
formation particularly in the pulmonary circulation.®
In addition, D-dimer is associated with various critical
illnesses such as venous thromboembolism (VTE),
disseminated intravascular coagulopathy (DIC); and
elevated levels are widely recognized as a poor prognostic
marker.®?>% Therefore, it is recommended to test for
these coagulation parameters in the local setting.
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Several acute phase reactants (APRs) are recommended
locally to be tested in patients with COVID-19, which
include CRP, Ferritin, LDH and Procalcitonin.® This
study finds that all patients with COVID-19 exhibit
elevated levels of these reactants, which is expected due
to the inflammatory response against the virus (Figures
4 and 5).5** Higher levels of these APRs were found to
be associated with more severe disease (Table 2), which
is similarly reported in other studies.”'***3% A study
by Sayit et al., report the following findings: that a CRP
value higher than 20.42 mg/L can predict the severity of
COVID-19 disease; elevated LDH is a strong predictor
of lung injury in COVID-19 as it is released from the
cytoplasm of necrotic cells; Ferritin levels increase due
to stimulation by proinflammatory cytokines and leakage
from damaged cells; and that elevated Procalcitonin levels
are related to a 5-fold higher risk of severe COVID-19.%
It is of benefit to clinicians to monitor these APRs as they
correlate with disease severity and prognosis.

In the local setting, it is recommended to test for liver
function markers as COVID-19 may affect this organ,
hence the inclusion of AST and ALT.® The current study
finds that AST is associated with more severe disease
(p<0.001), while no association is seen in ALT (p= 0.341)
(Table 2, Figure 6). The significant increase in AST
compared to ALT may be due to the presence of the
mitochondrial isoenzyme of AST, which has a long half-life
(87 hours), and may also be due to the fact that AST is not
limited to the liver and can be found in other organs such
as the heart.®'*? In addition, it is widely recognized that
the SARS-CoV-2 virus may cause damage to other organs
which express the ACE2 receptor, as this is the point of
attachment of the virus."# This receptor is expressed in
organs such as the lungs, liver, heart, and kidneys, hence
the work-up for organ involvement in COVID-19 disease
should not be limited to liver function tests. Other studies
report that patients with severe COVID-19 disease present
with abnormal cardiac markers such as elevated troponins,
and with abnormalities in kidney function like elevated
creatinine.'*#?% Therefore there is merit for clinicians
to expand their laboratory work-up where appropriate
in order to facilitate care for COVID-19 patients with
multiple organ involvement.

For the co-morbid illnesses, the most common in this
population was diabetes mellitus (n=93/325, 28.6%)
followed by hypertension (n=89/325, 27.4%) (Table 3). This
is the opposite of the profile of other studies, which found
hypertension (32.5% of patients) to be more common than
diabetes mellitus (24.10% of patients).”>*® In the current
study, the median age of involved Filipino patients is 62 (IQR
= 12), which is older than the population in a similar study
by Yormaz et al., which was performed in Turkey (average
age = 56.3 years).”® Older age and co-morbid conditions
(particularly hypertension and diabetes) are found to be
associated with more severe disease (Table 1, Table 3), and
are predisposed to prolonged viral shedding.?® Lower Ct
values have been found in older patients with COVID-19,
and this has been attributed to their slower immune
response due to immunosenesence.®* In addition, older
patients tend to have more frequent co-morbid illnesses,
therefore the age factor should be taken into consideration
as it is correlated with more severe outcomes.*%
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Limitations of the study include the retrospective design,
which analyzed the laboratory parameters and Ct values
of patients at a single point in time. Trends or changes of
Ct value and laboratory parameters were not determined.
Another limitation was not accounting for the timing of
nasopharyngeal swabs for SARS-CoV-2 and timing of
blood collection in relation to the day of illness in the study.
This may act as a confounder because drawing any kind
of association between Ct values and other lab test results
requires that specimen collection for all of them be done
at the same time. As mentioned earlier, a factor that could
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Figure 4. Acute Phase Reactants among non-severe and severe
patients with COVID-19.
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Figure 5. Coagulation markers and procalcitonin among non-
severe and severe patients with COVID-19.

[EscoT
200 WSGPT (UL)
o "
o
g o
150 o 8
5 100
50
0
Non-severe Severe

Figure 6. Liver enzymes among non-severe and severe patients
with COVID-19.
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influence Ct values is the time interval between collection
and processing (age of the specimen). A long interval before
processing could affect the stability of the viral RNA and
thus lead to high Ct values or false negatives.'? Factors that
could affect this time interval include stat requests from
doctors, availing of tests for non-clinical purposes (e.g.,
travel, employment), and requests for home swabbing,
among others. When such factors are not accounted for,
it is possible for them to behave as confounders, as these
various situations are related to both the Ct values and
the clinical picture of the patient. Interpretations of the
laboratory values must be taken into the proper clinical
context. The study was carried out during the period when
variants of the SARS-CoV-2 virus were not yet identified.
Different variants of SARS-CoV-2 can also confound the
outcomes, as they could have different properties from each
other in terms of infectivity, replication, immunogenicity,
pathophysiology or severity. The study is also limited to
the symptomatic adult population who were hospitalized
and does not represent the entire spectrum of the disease.
Asymptomatic patients were not included as the majority
had no laboratory workup performed. Multivariate analysis
to account for confounding factors and potential biases
was not done as this was beyond the scope of the study.

The authors recommend that further investigation should
be undertaken in the manner of pursuing correlational
studies, or prospective cohort studies, taking into account
the timing of specimen collection with the correlation of
clinical parameters. This is of interest, especially in the
light of newly developing medical interventions, mass
population vaccinations, and the recognition of Post
COVID-19 syndrome.?® Pursuing studies to include non-
hospitalized patients may be of benefit to adequately
represent how COVID-19 affects the local community,
and to guide policies on containment and spread of the
virus. There is also limited data on COVID-19 in pediatric
patients, and looking into this population may be of interest
to facilitate pediatric patient care. Investigation of various
biomarkers of organ involvement and how these change
in COVID-19 patients may also provide further insight
into the pathophysiology of the infection and aid patient
management and therapeutic decision-making.

CONCLUSION

Laboratory biomarkers such as neutrophil and lymphocyte
counts, LDH, ferritin, procalcitonin, CRP, D-dimer, PT/
INR, and AST are associated with severe COVID-19 disease.
Lower Ct-values, older age, and the presence of co-morbid
illness are also associated with severe COVID-19 disease.
The qualitative reporting of SARS-CoV-2 results as positive
or negative is sufficient for diagnosis of the disease, and
with the currently available data, the reporting of Ct values
may be considered on a case-to-case basis by clinicians to
aid in patient management decisions. The Ct values should
be interpreted with caution, given the multiple pre-analytic
and analytic factors which may affect the result. Instead, the
patient’s overall clinical profile, laboratory biomarkers and
Ct value should be taken as a whole to guide therapeutic
decision-making.
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