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ARTICLE INFO ABSTRACT

Keywords: Understanding symptoms associated with COVID-19 cases requiring intensive care unit(ICU) attention is important in

Biomarkers management of the life-threatening cases of the disease. This study aimed to determine laboratory indicators of ICU

COVID-19 ) admission for COVID-19 patients. For this retrospective chart review study, data from 116 patients(ICU, n = 18,

;'g;‘;sg’e\;zre unit ICU Non-ICU, n = 98) with confirmed SARS-CoV-2, managed at two hospitals in Trinidad and Tobago, from March
-CoV-! . : s — . 1

Trinidad and Tobago 12th to April 12th 2020, were analyzed. The median age of non-ICU patients was 59.0(IQR = 23.5) years; ICU patients

had a median age of 62.5(IR = 17.5). From univariate analysis, laboratory indicators significantly associated with ICU
admission included WBC(P = 0.037), lymphocyte(P = 0.016), LDH(P = 0.002), AST(P = 0.005) and CRP(P =
0.0001). However, multivariate analysis including WBC, neutrophil, lymphocyte, PLT, AST, LDH, ALT and CRP indi-
cated that only AST was associated with high odds of ICU admission(OR 0.002, 95% CI 0.000-0.004, P = 0.017). Sta-
tistically significant AUC were obtained for neutrophil(AUC = 0.704, P = 0.007), CRP (AUC = 0.81,p = 0.00) and
LDH(AUC = 0.766, P = 0.00) and AST (AUC = 0.729, P = 0.003). The findings indicate that neutrophils, AST and
LDH's ROC curves are good tests, CRP curve is a very good test, but lymphocyte curve is a poor test, in determining
COVID-19 patients for ICU admission. Neutrophil, AST, LDH and CRP are suitable predictors of COVID-19 patients
that should receive intensive unit care. The study provides significant insights into laboratory parameters that can
be used to predict COVID-19 severity and important considerations for healthcare providers in making evidence-
based decisions regarding COVID-19 patient management, especially in the context of limited ICU facilities. This

study was not funded.

1. Introduction

COVID-19 was declared a pandemic by the World Health Organization
(WHO) in March 2020 after Wuhan confirmed its first case in December
2019 and thereafter, spreading to over 180 countries by March 2020.
COVID-19 is a beta-coronavirus sharing phylogenetic similarities to SARS-
CoV [1]. Sequencing analysis also showed that the COVID-19 virus serology
was homologous to a SARS-like coronavirus [2]. COVID-19 has emerged as
the third novel coronavirus in the last eighteen (18) years [3] and differs
from other coronaviruses in its class due to its longer incubation period
and lower fatality rates [2]. These novel characteristics have been thought
to be underlying factors in the rapid spread of the virus.

Due to the virus' extensive spread, research has been launched into the
investigation of possible laboratory predictors for COVID-19. Laboratory
parameters have been used previously to shed light on disease severity, de-
fining the prognosis, aid in follow ups, guiding treatment and therapeutic
monitoring [4]. Parameters such as interleukin-6 (IL-6), D-Dimer, glucose,
thrombin time, fibrinogen and C-reactive protein (CRP) have shown to be

indicative of severe or mild COVID -19 [5,6]. Limited research has been
conducted to evaluate the accuracy of laboratory predictors for COVID-19
patients who have been tested positive via RT-PCR. Studies in Trinidad
and Tobago have been limited to discussing patterns of presented symp-
toms forSARS-CoV-2, alluding to the unique characteristics of patients
with COVID-19 in this population and the greater need for research espe-
cially in this region [7].

Patients testing positive for COVID-19 are subjected to a Complete
Blood Count (CBC) which guides clinicians in caring for their overall
health. Any irregularities point to a series of health issues such as anemia,
leukemia and much more. In light of COVID-19 findings, CBC results
were used to differentiate between patients with severe COVID-19 and
those needing Intensive Care Unit (ICU) care [8]. Patients with higher
blood leukocyte counts, > 10%10°9/L, were more likely to have severe
COVID-19 and be admitted into ICU.

White blood cells (WBCs) fight against infections in the body. COVID-19
patients showed a normal or decrease in WBC and lymphocyte counts upon
hospital admission [9-11]. Even though research shows that COVID-19
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survivors and non-survivors had normal WBCs, non-survivors had higher
WBC counts and slightly reduced lymphocyte counts [11].

Exaggerated elevation of inflammatory cytokines in the body, like IL-6,
causes the onset of a cytokine storm, as seen in COVID-19 patients, which
results in multiple organ failure and Acute Respiratory Distress Syndrome
(ARDS) [10,12-15]. Rapid viral replication in the body causes vigorous
pro-inflammatory responses and apoptosis in the lung's epithelial tissue,
leading to hypoxia and ARDS [13,16].

Studies reported elevated levels of D-dimer as a more common labora-
tory finding in COVID-19 patients requiring hospitalization [6,17].
D-dimer elevation was associated with a hypercoagulable state, however,
its specificity on the main cause of elevation may not be known as D-dimer
elevations were associated with several unfavorable events including occlu-
sion, sepsis, micro-thrombosis, and intravascular coagulation [8,17,18].

Lactate Dehydrogenase (LDH) is an enzyme expressed in all cells includ-
ing the heart, liver, muscle, kidney, lung and bone marrow [2]. Increased
LDH levels indicated cell damage to cells that it is normally expressed in.
Elevated LDH is associated with worse clinical outcome of COVID-19
patients [8,19]. Monitoring both LDH and lymphocyte count can differenti-
ate between ICU and non-ICU patients.

Liver abnormalities have been reported in COVID-19 patients upon hos-
pital admission and during hospital stay [6,20]. Elevated alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) levels were
reported, ranging from 14 to 53% [10,20,21]. ALT, AST, total Bilirubin,
Creatinine, and Blood Urea Nitrogen (BUN) were within normal ranges ac-
cording to Ruoging Li et al., 2020 [9], however, these results were taken at
hospital admission and not during hospitalization.

CRP, produced in the liver, shows elevated levels in COVID-19 patients
which is also a key indicator of MAS [9-11,14]. Higher levels of CRP have
been associated with lung lesions and are very important in assessing
COVID-19 severity [22]. Excessive inflammation was also reflected by
very high CRP levels in patients with severe disease state [8].

Laboratory predictors are key components in providing faster and more
accurate diagnosis of the novel COVID-19. This is important due to the
virus' rapid transmission and long incubation time. Early and accurate diag-
nosis of COVID-19 can reduce the load on healthcare systems worldwide.

2. Methods

For this retrospective chart review study, a judgment sampling tech-
nique was employed in collecting data from one hundred and sixteen
(116) adult (=18 years) patients with confirmed SARS-CoV-2, managed
at Arima General Hospital and Couva Medical and Multi-training Facility
in Trinidad and Tobago, from March 12th 2020 to April 12th 2020. Cases
were confirmed via real-time reverse transcription polymerase chain reac-
tion assays by an accredited laboratory. The medical records departments
of the facilities were engaged and asked to populate a Microsoft Excel
sheet with the variables of interest for patients who met the inclusion
criteria of the study. These variables included clinical data such as CBC re-
ports (WBC, neutrophil, lymphocyte, PLT) and biochemistry reports (AST,
LDH, ALT, CRP), demographics (age, sex) and clinical symptomology. The
study included all patients who were confirmed COVID-19 positive via
RT-PCR and were subsequently admitted to the two facilities during the
study period. Patients were excluded if they were admitted to the facility
as ‘suspected’ COVID-19 patients, that is, with pending RT-PCR results dur-
ing the study period. Patients were also excluded if they were < 18 years old
at the time of the study, or if no laboratory data had been recorded in their
medical files during the study period. The study was approved by the Min-
istry of Health of Trinidad and Tobago Ethics Committee (3/13/441 Vol.
1), and the North Central Regional Health Authority Ethics Committee,
Trinidad. As only de-identified data were collected, participant informed
consent was waived by the ethics committees.

All statistical analysis was processed using IBM SPSS 22.0 statistical
software. Descriptive statistics (median and interquartile range, and fre-
quencies) were used to analyse patient characteristics. Means and standard
deviation were used to describe laboratory test outcomes. Univariate and
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multivariate analyses were used to determine the statistical significance
of the association between laboratory indicators and ICU admission. Uni-
variate analysis involved univariate logistic regression of one dependent
variable (ICU or non-ICU) and one independent variable (individual labora-
tory parameters; WBC, Neutrophil, Lymphocyte, PLT, AST, LDH, ALT, or
CRP). Multivariate analysis involved logistic regression of one dependent
variable (ICU or non-ICU) and multiple independent variables (all labora-
tory parameters; WBC, Neutrophil, Lymphocyte, PLT, AST, LDH, ALT, and
CRP). The univariate analysis showed the isolated effect of one indepen-
dent variable while multivariate analysis showed the effect of one indepen-
dent variable when other variables are controlled. Receiver operating
characteristic (ROC) curve and AUC were used to analyze the optimal
cut-off for prediction of ICU admission. AUC 0.9 to 1 was defined as excel-
lent accuracy, 0.8-0.9 as very good, 0.7-0.8 as good, 0.6-0.7 as sufficient,
0.5-0.6 as bad, and < 0.5 as poor (useless test). P < 0.5 denoted statistical
significance.

Data availability: The data that support the findings of the study are
available from the corresponding author, CG, upon reasonable request.

3. Results
3.1. Patient characteristics

Among the patients in the study, 45(38.8%) patients were males; 71
(61.2%) were females. The number of male and female patients differed
significantly between ICU and non-ICU patients (p = 0.008) with 66.7%
of ICU patients being male while among non-ICU patients 66.3% were
females. Chi-square outcome indicated that the observed age difference
between the ICU and non-ICU patients was not statistically significant
(P = 0.101). Since the distribution was skewed median is used to describe
the age. The median age for the non-ICU patients was 59.0 (IQR = 23.5)
years while the ICU patients had a median age of 62.5 (IQR = 17.5).

3.2. Laboratory test outcomes

Independent sample t-test was carried out to evaluate if there was differ-
ence in the biochemistry laboratory parameters between the ICU and non-
ICU patients. The biochemistry laboratory findings in Table 1 indicate that
the AST level for non-ICU patients (M = 45.4 = 39.84) was lower
compared to ICU patients(80.6 + 5.76). The reported difference was statis-
tically significant(P = 0.005). Table 1 also indicates that LDH was statisti-
cally significantly higher among ICU patients (994.2 + 423.19) compared
to non-ICU patients (669.6 + 40.74,P = 0.002). The CRP concentration
outcome is the other biochemistry test outcome that was statistically signif-
icantly different between ICU(93.2 + 20.09) and non-ICU patients (35.8
+ 5.33, P = 0.00).). However, the findings presented in Table 1 indicate
that the concentration of ALT did not vary between ICU and non- ICU pa-
tients (P = 0.76). The CBC findings in Table 1 indicate that the concentra-
tion of WBC was significantly higher among ICU patients (8.26 + 3.61)
compared to non-ICU patients (6.7 *+ 2.47, P = 0.037). The findings
also indicate that concentration of the lymphocytes were statistically higher
among non-ICU patients (2.05 = 0.75) compared to ICU patients (1.57 =+
0.71, P < 0.016). The level of neutrophil in non-ICU (6.11 + 18.79) did not
statistically differ from ICU (6.03 = 3.41 P = 0.986)

The univariate logistic regression indicted that laboratory indicators
that were significantly associated with ICU admission included WBC(P =
0.037), lymphocyte (P = 0.016), LDH (P = 0.002), AST (P = 0.005) and
CRP (P = 0.0001). However, multivariate logistic regression that included
WBC, neutrophil, lymphocyte, PLT, AST, LDH, ALT, and CRP indicated that
only AST was associated with high odds of patients being admitted to ICU
(OR 0.002, 95% CI(0.001-0.004), P = 0.017) (See Table 2).

Table 3, Fig. 1 and Fig. 2 show the area under the ROC curve of the
assessed biochemistry parameters(Fig. 1) and the CBC parameters(Fig. 2).
The biochemistry with good accuracy was Neutrophil(AUC = 0.704, P =
0.007) while lymphocyte AUC(0.309) indicated that the parameter has
no value in predicting ICU admission. The findings in Table 3 indicate
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Table 1
Demographic and laboratory parameters among ICU and non-ICU COVID-19 patients.
Variables Normal Non ICU(n = 98) ICU(n = 18) Chi P-value
Range Number (%) Number (%) squared
Age Median (IQR), years 59.0 (23.5) 62.5(17.5) 0.101
Sex, n (%)
Male 33(33.7) 12 (66.7) 6.972 0.008
Female 65 (66.3) 6(33.3)
LDH(U/L) 140-280 669.6 (40.74) 994.2 (423.19) 0.002
ALT(U/L) 7-55 58.6 (9.54) 52.0 (9.93) 0.76
AST(U/L) 8-48 45.4 (39.84) 80.6 (75.76) 0.005
CRP(U/L) <10 mg/L 35.8 (5.33) 93.2 (20.09) 0.00
Lymphocyte count x 1000/UL 1-4 2.05 (0.75) 1.57 (0.71) 0.016
Neutrophil count x 1000/UL 2.5-8 6.11 (18.79) 6.03 (3.41) 0.986
WBC count x 1000/UL 4.5-11.0 x 10° /L 6.7 (2.47) 8.26 (3.61) 0.037

that the AUC for WBC was not statistically significant. For the CBC param-
eters, Table 3 shows that statistically significant AUCs were obtained for
CRP(AUC = 0.81,P = 0.00) and LDH(AUC = 0.766,P = 0.00) and AST
(AUC = 0.729, P = 0.003). Statistically significant ROC curves were
interpreted using AUC 0.9-1 as excellent accuracy, 0.8-0.9 as very good,
0.7-0.8 as good, 0.6-0.7 as sufficient, 0.5-0.6 as bad, and < 0.5 as poor
(useless test). As shown in Table 3 neutrophils, AST and LDH's ROC curves
are good tests while CRP curve is a very good test. However, lymphocyte
curve is a poor test.

4. Discussion

This study showed a difference in biochemical and CBC test parameters
between ICU and non-ICU patients, with elevated AST, LDH, WBC, lympho-
cytes and CRP among ICU patients compared to non-ICU patients. Our find-
ings show that the parameters that have good specificity and sensitivity in
predicting ICU admission among COVID-19 patients include neutrophil,
AST, LDH and CRP. Analysis of demographic variables revealed that ICU
patients are older than non-ICU patients, which corroborates findings of
the previous studies [23-25]. However, this age difference was smaller
compared to that reported previously, noted as a > 10-year difference
[24]. Noteworthy to mention is that the study sample of COVID-19 patients
cared for at the facilities during the study period included more females
than males, however, a significantly higher number of male ICU patients
compared to female ICU patients was observed in this study which supports
previous observations that indicated gender as a potential determinant of
likelihood to develop serious complications that might require ICU care
[23,26,27]. This observed difference could be attributed to behavioral dif-
ferences between the sexes, notably that more men engage in smoking and
alcohol consumption than women [28] heightening their risk of chronic
diseases such as hypertension, cardiovascular disease, and chronic pulmo-
nary disease, which have been associated with a greater likelihood of devel-
oping severe illness with COVID-19 [29]. Hormonal factors may also play a
role in the observed heightened risk of developing severe COVID-19 in
males. The TMPRSS2 protein, which is involved in facilitating viral entry
and activation of SARS-CoV-2, is encoded by an androgen-regulated

Table 2
Univariate and multivariate analyses for predictors of ICU admission among
COVID-19 patients.

Univariate analysis Multivariate analysis

TMPRSS2 gene. This could account for the sex-specific increased suscepti-
bility of males for developing severe COVID-19 as TMPRSS2 expression is
increased in the presence of androgens [30-32].

Our univariate analysis findings regarding the CBC parameters contra-
dict previous findings [2,4,33]. The observed lack of statistically significant
difference in the level of neutrophils among ICU and non-ICU patients
contradict previous researchers who concluded that elevated neutrophils
concentration is characteristic of patients with severe cases [34-36]. Evi-
dence suggests that severe COVID-19 is associated with elevated neutrophil
levels, which increase inflammation via cytokine storm, and haemorrhages
especially in the lungs, which occur as a result of neutrophil-induced tissue
damage via their extravasation into alveolar spaces, and requires the
patient to be placed in intensive care [35,36].

However, Mardani et al. [39] supports our findings regarding the re-
duced concentration of WBC among ICU COVID-19 patients. The univariate
assessment of CBC parameters showed that among ICU patients, the in-
crease in the concentration of lymphocytes is associated with significant re-
duction in the odds of ICU hospitalization. This outcome suggests that
reduction of lymphocytes increases odds of ICU hospitalization. A reduced
concentration of lymphocytes, or lymphopenia, has been previously associ-
ated with COVID-19 severity [27,37,38]. Wang et al. [24] documented the
importance of lymphopenia in identifying COVID-19 patients requiring ICU
care. Fan et al. in the assessment of the baseline characteristics of the
COVID-19 patients requiring ICU care also noted that patients had signifi-
cantly low levels of lymphocytes, which further corroborates the obtained
findings. Wu et al. [36] also noted COVID-19 patients with lymphopenia
are likely to be experiencing respiratory distress syndrome, which accord-
ing to the researchers is associated with elevated levels of neutrophils. A
proposed underlying cause of lymphopenia and its association with severe
COVID-19 lies in the observation that COVID-19 infection can result in
T-cell exhaustion. CD4 + and CD8 + T-cells have been reported to show in-
creased expression of markers of T-cell exhaustion, such as PD-1 and Tim-3,
which correlated with disease severity and intensive care requirement in
COVID-19 patients [40,41]. Other proposed mechanisms of lymphopenia
suggest that SARS-CoV-2 infection disrupts T-cell expansion by downregu-
lating the expression of genes involved in their activation and function in
patients with severe COVID-19 [42].

Table 3
Area under ROC curve for laboratory parameters among ICU COVID-19 patients.

OR (95% CI) P OR (95% CI) P Parameters AUC 95% CI P Interpretation
WBC —0.027 (—0.233-0.179) 0.037 0.031 (—0.001-0.064) 0.060 WBC 0.646 0.501-0.790 0.053
Neutrophil ~ 0.00 (—0.005-0.004) 0.986 —0.001 (—0.006-0.003) 0.520 Neutrophil 0.704 0.574-0.835 0.007 Good
Lymphocyte —0.12(-0.217-0.023)  0.016 —0.059 (—0.172-0.054) 0.302 Lymphocyte 0.309 0.171-0.447 0.011 Poor
PLT 0.00 (—0.001-0.001) 0.589 000 (—0.001-0.000) 0.304 PLT 0.459 0.297-0.621 0.592
AST 0.002 (0.001-0.004) 0.005 0.002 (0.000-0.004) 0.017 AST 0.729 0.580-0.878 0.003 Good
LDH 0.00 (0.00-0.00) 0.002  0.000 (0.000-0.000) 0.346 LDH 0.766 0.627-0.904 0.000 Good
ALT 0.00 (—0.001-0.001) 0.076  —0.001 (—0.002-0.000) 0.267 ALT 0.628 0.495-0.761 0.091
CRP 0.002 (0.001-0.003) 0.000 0.001 (—0.001-0.002) 0.505 CRP 0.810 0.722-0.898 0.000 Very good
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Fig. 1. ROC curve for the biochemistry test outcome for prediction of ICU patients.

Our biochemistry test findings, which showed an elevated level of CRP,
AST, LDH among ICU patients, corroborates the conclusion made by
Mardani et al. [39]. Evidence suggests that the increased levels of
AST among severe cases of COVID-19 is associated with liver damage
[43-45]. Our findings regarding the lack of difference in ALT levels among
ICU and non-ICU patients contradict those of previous studies [4,46]. How-
ever, it should be noted that elevated AST levels have been noted to be more
common than ALT, which explains our observations [47]. The study by Fan
et al. [24] also noted that COVID-19 patients requiring ICU care had higher
LDH levels. Other researchers reporting higher LDH levels among these pa-
tients include [4,48]. Researchers have also noted that severe COVID-19
cases develop neutrophilia during hospitalization [4,24].

However, our multivariate analysis showed AST to be the only parame-
ter having significant association with ICU admission of COVID-19 patients.
When the effect of WBC, neutrophil, lymphocyte, PLT, AST, LDH, ALT, and

CRP is controlled, the increase in the level of AST was associated with a sig-
nificant increase in the odds of ICU admission, which corroborate the obser-
vation of Mardani et al. [39]. The ROC curves in this study indicated
sensitivity and specificity of various parameters in identifying ICU and
non-ICU COVID-19 patients. It is evident from this study that the only
good predictors are neutrophil, AST, LDH and CRP. The reported excellent
accuracy of CRP and neutrophils in the prediction of patients with
COVID-19 corroborates findings of Mardani et al. [39]. However,
unlike the findings of this study which showed good accuracy of LDH and
AST, other researchers found the tests to be excellent with AUC >0.8
[39]. Although we found ALT to be of no value in predicting ICU admissions
of COVID-19 patients, other researchers observed that the test offered ex-
cellent prediction accuracy [5,39,49]. This difference could be associated
with the difference in patients and progression of the disease in individuals
especially with respect to the integrity of the liver [43,45].
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Fig. 2. ROC curve for the CBC test outcome for prediction of ICU patients.
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Our findings have practical implications in treatment of COVID-19
patients. As indicated by previous researchers, COVID-19 severity varies
across different cases [39,45]. It is therefore important to identify and pro-
vide adequate care for patients with the likelihood of developing serious
complications. Our study indicates that certain biochemical and CBC tests
are important in predicting COVID-19 patients' need for ICU care. Specifi-
cally, laboratory tests that should be prioritized to determine patient risk
of developing serious COVID-19 complications that might require ICU
care include AST, LDH and CRP tests. CRP is most preferred as it was
noted to be a very good test. The next most preferred are AST and LDH, ob-
served to be good tests.

Limitations should be considered in the interpretation of our findings.
One limitation relates to the sample used which had unequal number of
males and females. Also, the study did not control for the effect of pre-
existing health conditions. Future studies should determine whether the re-
corded observations occurred independently of the potential pre-existing
health conditions such as hypertension and diabetes.

Despite its limitations, this study has provided insights into laboratory
parameters that can be used to predict the severity of COVID-19 cases.
Our findings show neutrophil, AST, LDH and CRP are good predictors of
COVID-19 patients that should receive ICU care. It is therefore recom-
mended that healthcare providers consider these parameters in making
an evidence-based decisions regarding patient management especially
where there are limited ICU facilities.

5. Conclusions

In predicting ICU admission among COVID-19 patients, neutrophils,
AST and LDH's were found to be good tests while CRP was a very good
test. Lymphocyte was a poor test in predicting ICU admission. Neutrophil,
AST, LDH and CRP are suitable predictors of COVID-19 patients that should
receive ICU care.
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Research in context
Evidence before this study

Understanding symptoms associated with COVID-19 cases requiring
intensive care unit (ICU) attention is important in the management of the
life-threatening cases of the disease. Laboratory parameters have been
used previously to shed light on disease severity, defining the prognosis,
aid in follow ups, guiding treatment and therapeutic monitoring [4].
Parameters such as interleukin-6 (IL-6), D-Dimer, glucose, thrombin time,
fibrinogen and C-reactive protein (CRP) have shown to be indicative of se-
vere or mild COVID -19 [5,6]. Limited research has been conducted to eval-
uate the accuracy of laboratory predictors for COVID-19 patients who have
tested positive via RT-PCR. Studies in Trinidad and Tobago have been lim-
ited to discussing patterns of presented symptoms for SARS COV-19,
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alluding to the unique characteristics of patients with COVID-19 in this
population and the greater need for research especially in this region [7].

Added value of this study

To the best of the authors' knowledge, this study is the first in the
Caribbean region to evaluate the utility of common laboratory parameters
in determining COVID-19 patients' need for intensive care. The results
have shown that neutrophil, AST, LDH and CRP are suitable predictors of
COVID-19 patients in need of intensive unit care.

Implications of all the available evidence

The study provides significant insights into laboratory parameters that
can be used to predict COVID-19 severity and important considerations
for healthcare providers in making evidence-based decisions regarding
COVID-19 patient management, especially in the context of limited ICU fa-
cilities.
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