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Abstract

Background: Coronavirus disease 2019 (COVID-19) is associated with hematological
abnormalities of variable severity. The full blood count (FBC) and leukocyte differ-
ential count (DIFF) could facilitate the prediction of disease severity and outcome in
COVID-19. This study aimed to assess the hematological parameters in early severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and their corre-
lation with disease outcome.

Methods: A retrospective cross-sectional descriptive study was performed. Adults
with a FBC and positive SARS-CoV-2 polymerase chain reaction results between
March 1, and June 31, 2020 were reviewed. Basic hematological parameters (FBC,
DIFF) and human immunodeficiency virus (HIV) status were recorded. Outcome
measures were admission to a general ward or intensive care unit (ICU), recovery or
death.

Results: Six hundred and eighty-five cases median age 51 years, were analyzed.
Forty-four percent were males and fourteen percent were HIV-positive with no
association between death and/or ICU admission (p=0.522 and p=0.830,
respectively). Leucocytosis was predictive of ICU admission (odds ratio [OR]: 2.4,
confidence interval [Cl]: 1.77-3.8186) and neutrophilia, of both mortality (OR: 1.5,
Cl: 1.0440-2.0899) and ICU admission (OR: 4, Cl: 2.5933-6.475). Median lym-
phocyte count was decreased and p-dimer raised, showing no significant association
with outcome. Raised neutrophil-to-lymphocyte-ratio (NLR) was associated with
increased odds of mortality (OR: 2.5, Cl: 1.3556-3.2503) and ICU admission
(OR: 4.8, Cl: 2.4307-9.5430) as was monocyte-to-lymphocyte-ratio (MLR)
(OR: 2, Cl: 1.3132-2.9064) and (OR: 2.3, Cl: 1.0608-1.9935), respectively. Hospital
admission and older age were significantly associated with mortality (p = 0.0008 and

p < 0.0001), respectively.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

Since the first cluster of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infections and the emergence of the en-
suing global pandemic, there has been an exponential increase in the
understanding of the virus, its clinical presentation, laboratory fea-
tures and management.“5 Coronavirus disease 2019 (COVID-19) is
associated with multisystem complications and hematological ab-
normalities of variable severity.*® The correlation between early
changes in hematological parameters and disease outcome, is under
active investigation.”>’~?

Hematological changes reported include changes in full blood
count (FBC) parameters, abnormal morphological characteristics of
blood cells on peripheral blood smear examination and derangement
of hemostatic parameters, referred to as COVID-19-associated
coagulopathy (CAC).*”"'° FBC findings associated with SARS-CoV-2
infection include anemia, neutrophilia, lymphopenia, monocytosis,
eosinopenia, mild thrombocytopenia, and less frequently thrombo-
cytosis.>*>7 Lymphopenia, increased platelet-to-lymphocyte ratio,
increased neutrophil-to-lymphocyte ratio (NLR), low B lymphocytes,
low CD8-positive T lymphocytes, and elevated CD4/CD8 ratio have
been associated with adverse disease outcomes.'* ** Changes re-
ported on peripheral blood smears are predominantly nonspecific
features seen in infective/inflammatory states.” Reported coagula-
tion parameter changes include elevated p-dimer and fibrinogen
levels with relatively normal partial thromboplastin time (PTT) and
thrombin time.*®> ' However, coagulation parameters are dynamic
and differ depending on the severity of disease and coagulopathy.*®
Coagulopathy is associated with increased mortality.*®***/

South Africa's diverse ethnicity and socioeconomic status of
its inhabitants pose a particular challenge in terms of predicting
the epidemiological and clinicopathological features of COVID-
19. The burden of the human immunodeficiency virus (HIV) and
tuberculosis (TB) infections, compounded by the high prevalence
of noncommunicable diseases, increase the difficulty in extra-
polating data from other COVID-19 ravaged countries, to the
South African situation. Widely available routine basic laboratory
parameters, accessible in low resource settings could facilitate
prediction of disease severity and outcome in COVID-19.>718
This study aimed to assess the hematological parameters in early
COVID-19 and their correlation with outcome in a resource-
constrained setting.

Conclusion: Evidence-based interpretation of routine laboratory parameters, readily
available in resource-constrained settings, may identify patients at increased risk of
mortality. The FBC, DIFF, NLR, and MLR should form part of the early COVID-19

COVID-19, p-dimer, HIV, leucocytosis, neutrophil-lymphocyte-ratio, SARS-CoV-2

2 | METHODS

The study is a retrospective cross-sectional descriptive study per-
formed at the National Health Laboratory Service (NHLS), Tygerberg
Hospital (TBH). TBH is a 1384 bed hospital providing tertiary
healthcare and is the main teaching hospital of the University of
Stellenbosch Faculty of Medicine and Health Sciences.

All SARS-CoV-2 polymerase chain reaction (PCR) positive adults,
diagnosed at TBH NHLS between March 1, 2020 and June 31, 2020
with a recorded FBC, were included in this study. The first FBC result,
obtained closest to or within 7 days of the positive SARS-CoV-2 PCR
result was recorded. Outcomes were recorded as reflected on TBH
clinical database as discharge or death. If no admission was reflected
around the time of data collection, the patient was recorded as an
outpatient.

The following exclusion criteria was applied

1. Age less than 18 years old.
2. Lack of FBC results during the illness period.

Data were collected from the NHLS Laboratory Information
System and captured on Research Electronic Data Capture (RED-
Cap).'? Outcomes included admission to the general ward or in-
tensive care unit (ICU) and death or recovery. The evaluated
parameters included patient age, sex, admission status, HIV status,
CD4 count, white blood cell count, hemoglobin (Hb), mean corpus-
cular volume, mean corpuscular hemoglobin concentration (MCHC),
red cell distribution width (RDW), platelet, neutrophil, lymphocyte,
monocyte, eosinophil and basophil counts, b-dimer, prothrombin time
(PT) and activated partial thromboplastin time. The TBH laboratory is
accredited with the South African National Accreditation System and
adheres to International Standards Organization 1SO15189 require-
ments for medical laboratory quality. The Siemens ADVIA 2120i®
(Siemens AG Healthcare, 91052 Elarngen, Germany) was used for
FBC and differential count analysis and Sysmex CS-2000i™ (Sysmex
Medical Electronics, Germany), for p-dimer, PT, and PTT following
NHLS approved standard operating procedures.

The study was approved by the Ethics Committee of the Uni-
versity of Stellenbosch (project identification number 15331) and was
performed according to the Helsinki Declaration (2000) guidelines. A
waiver of patient informed consent was granted in light of the study's
retrospective nature (see Appendix S1).
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2.2 | Statistical analysis

Data were exported from the REDCap database and imported
into Microsoft Excel (2003) and STATA 17 (StataCorp, 2017,
Stata Statistical Software: Release 15; StataCorp LLC) for analysis.
Descriptive statistics were performed on early laboratory para-
meters for all patients within the inclusion criteria. Where ap-
propriate, standard deviations or median and interquartile ranges
(IQRs) were reported. Empirical diagnostic cut-off points were
determined for hematological markers using receiver operating
characteristic (ROC) curves to maximize the product of sensitivity
and specificity, positive predictive value, and negative predictive
value (NPV) where the ratio of cases in the positive and negative
groups reflected the prevalence of the disease. For inferential
statistics, the chi-square test was used, or Fisher's exact test
(depending on assumptions) where appropriate. For multivariate
analysis, significant predictors at the bivariate level were in-
cluded, statistical significance was considered at p < 0.05.

3 | RESULTS

Seven hundred and thirty-eight SARS-CoV-2 cases were initially in-
cluded, and fifty-three cases were excluded. Excluded cases did not
have an FBC after the collection of positive SARS-CoV2 test or had
an FBC result after recovery (see Figure 1). The median and IQR of
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laboratory parameters of the total group is summarized in Table 1
and the odds ratio (OR) in Table 2.

A total of 685 cases were analyzed; 656 (96%) were admitted of
which 150 (22%) were ICU admissions and 29 (4%) were outpatients.
About 14% of the cases were HIV-positive, 65% were HIV-negative
and the HIV status of 21%, was unknown. HIV-positive status was
not significantly associated with death (p =0.521). Male gender was
significantly associated with ICU admission (p = 0.007) but not with
death overall (p=0.522) or death in ICU (p=0.157; see Table 3).
The majority of recoveries were in the 18-39 years age group while
most deaths were in the 50-59 years age group (see Figure 2). The
median age of deceased patients was 53 years compared to 49 years
in the recovered group. ICU admission (mean: 51.347, SD: 11.494;
p <0.001) and death (mean: 52.078, SD: 13.113; p <0.001) were
significantly associated with older age.

Deceased patients had higher neutrophil counts and NLR; (OR: 1.5,
confidence interval [Cl]: 1.04-2.09) and (OR: 2.5, Cl: 1.36-3.25), re-
spectively. Furthermore, the differential counts impacted admission to
ICU compared to general wards in which the ICU group had a higher
white cell count (WCC), 10.83 x 10%/L compared to 7.51 x 10°/L in the
general wards group (OR: 2.4, Cl: 1.77-3.82) and neutrophil count
8.28 x 10°/L for the ICU group compared to 5.56 x 10°/L for general
ward group (OR: 4.0, Cl: 2.59-6.15). The likelihood of ICU admission
increased with WCC, >10x10°/L (OR: 2.6, Cl: 1.77-3.82) and
>11.5 x 10%/L (OR: 2.4, Cl: 1.58-3.69) seen in Figure 3. Most patients

with leucocytosis had neutrophilia, except six cases where leucocytosis

Total number of SARS-CoV2 positive

>18 years =738

Total number of patients

Inclusion criteria not met*

included = 685 =53

Admitted = 656

Not admitted = 29

Demised = 265 Recovered = 386

Unknown =5

Demised =3 Recovered = 26

FIGURE 1 Total number of cases included in the study. *Excluded cases did not have a full blood count result available in the required period
under review. SARS-CoV2, severe acute respiratory syndrome coronavirus 2
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TABLE 2 Odds ratio (OR) analysis of outcome association (mortality and ICU admission) with hematological indices
OR died or OR general
recovered (CI) p value ward or ICU (CI) p value

White cell count (>10 x 10%/L) 1.7 (0.95-1.78) p=0.089 24 (1.77-3.82) p<0.001
Red cell count (<3.80 x 10*?/L) 0.6 (0.41-0.99) p=0.046 0.3 (0.14-0.54) p = 0.002
Hemoglobin (<12 g/dl) 1.0 (0.57-1.12) p=0.192 0.3 (0.19-0.49) p < 0.001
Hematocrit (<0.360 L/L) 0.8 (0.60-1.27) p=0.490 0.3 (0.19-0.55) p < 0.001
MCV (<80 fl) 0.9 (0.52-1.62) p=0.768 0.6 (0.29-1.34) p=0.232
MCH (<26 pg) 1.0 (0.65-1.59) p=0.943 0.7 (0.39-1.25) p=0.223
MCHC (<33 pg) 0.7 (0.49-0.98) p=0.041 0.5 (0.31-0.70) p = 0.002
RDW (>17%) 0.8 (0.38-1.73) p=0.595 0.6 (0.24-1.73) p=0.382
Platelets

Thrombocytopenia (<180 x 10%/L) 1.1 (0.76-1.59) p=0.608 04 (0.27-0.74) p =0.002

Thrombocytosis (>450 x 109/L) 1.5 (0.74-3.02) p=0.269) 11 (0.50-2.56) p=0.716
Neutrophils (neutrophilia > 7 x 10°/L) 1.5 (1.04-2.09) p=0.028 4.0 (2.59-6.15) p < 0.0001
Lymphocytes (<1.40 x 10°/L) 0.7 (0.51-1.05) p=0.088 0.6 (0.41-0.95) p=0.028
Raised NLR > 3.8 2.5 (1.36-3.25) p < 0.0001 4.8 (2.43-9.54) p < 0.0001
Monocytes (<0.30 x 10?/L) 0.7 (0.52-1.02) p=0.063 0.5 (0.31-0.74) p < 0.0001
Raised MLR >0.26 2.3 (1.06-1.99) p = 0.020 2 (1.31-2.91) p = 0.001
Eosinophils (<0.1 x 10°/L) 1 (0.7-1.14) p=0.987 0.2 (0.14-0.31) p <0.0001
Basophils (0 x 107/L) 0.8 (0.59-1.23) p=0.384 0.1 (0.05-0.13) p < 0.0001
p-Dimer

(>0.25 mg/L) 1.7 (0.53-5.20) p=0.378 1.0 (0.38-2.41) p=0.925

(>0.5mg/L) 21 (0.66-6.71) p=0.208 1.5 (0.41-5.32) p=0.548
PT (9.9-12.35) 0.4 (0.18-0.94) p=0.934 1.0 (0.19-1.13) p = 0.089

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; ICU, intensive care unit; IQR, interquartile range; MCH, mean cell hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; MCV, mean cell volume; MLR, monocyte-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; PT,
prothrombin time; RDW, red cell distribution width.

TABLE 3 x? Test to show the association of sex and HIV status
with ICU admission and death 120 3500
Outcome p Value 100 3000
ICU admission 500 &
80 S
Male, n =81 (54% of ICU admissions) 0.007 £ 2000 E,
£ 60 )
HIV-positive, n =20 (13% of ICU admissions) 0.830 ‘2 1500 i
5 40 E
Death é 1000 €
= z
Male, n =123 (46% of deaths) 0.522 2 500
HIV-positive, n =40 (15% of deaths) 0.522 0 . 0
18-39 40-49 50-59 60-70 >70
Admitted, n =265 (39% of total admitted) <0.001 Age (years)
mmm Died Recovered wmme Number of COVID deaths in WC 2020/2021**

Abbreviations: HIV, human immunodeficiency virus; ICU, intensive care unit.

FIGURE 2 Coronavirus disease 2019 (COVID-19) deaths per age
category compared to local (South Africa, Western Cape) statistics.
**Western Cape (WC) Government COVID-19 statistics. https://
coronavirus.westerncape.gov.za/covid-19-dashboard. Published
2021. Accessed June 4, 2021

was secondary to increased lymphocyte count. The difference in length
of stay (LOS) between those that recovered (mean: 8.9148, SD: 9.2257)
and those that died (mean: 9.0538, SD: 8.36687) was not statistically
significant (p=0.847). Total leukocyte count did not influence LOS
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(A) Odds of admission to intensive care unit (ICU) compared to general ward according to total white cell count (WCC). (B) Odds

of admission to general ward compared to intensive care unit (ICU) according to neutrophil-to-lymphocyte ratio (NLR). Both leucocytosis and

raised NLR were associated with increased odds of ICU admission

(A) NLR in died
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(B)

MLR in died
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-
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FIGURE 4 Receiver operating characteristic curves for neutrophil-to-lymphocyte ratio (NLR) and monocyte-to-lymphocyte ratio (MLR) and
association with death. A raised NLR (optimal cut-off of >4.04) showed a higher sensitivity for death while MLR (cut-off > 0.68) showed higher

specificity for death. AUC, area under the ROC curve

(mean: 8.8027, SD: 8.7605; p=0.8143). HIV-positive status did
not influence LOS: general ward (mean: 9.9831, SD: 9.0918) compared to
ICU ward (mean: 9.1500, SD: 9.0918), p =0.7340, recovered (mean:
11.208, SD: 10.8147) compared to died (mean: 7.8974, SD: 6.2987)
p=0.1142.

Early lymphopenia and platelet count did not predict outcome al-
though median lymphocyte count was low with a median of 1.03 x 10?/L
(IQR: 0.78-1.53) in those that died and those admitted to ICU with a
median of 1.09 x 10%/L (IQR: 0.54-1.52). Likelihood of death and ICU
admission increased with NLR above 3.8 (OR: 2.5, Cl: 1.36-3.25) and (OR:
4.8, Cl: 2.43-9.54), neutrophil count (OR: 2.5, Cl: 1.04-2.90) and (OR: 4.0,
Cl: 2.59-6.14), respectively. Raised MLR was associated with an in-
creased likelihood of both death (OR: 2.3, Cl: 1.06-1.99) and ICU
admission (OR: 2.0, Cl: 1.31-2.91), see Figure 4 for ROC curves.

Platelet count, red cell indices, anemia, thrombocytopenia, or
thrombocytosis, had no influence on outcome. Median p-dimer levels

(0.94 mg/L) were raised across all groups. In those that died, median

p-dimer levels were higher, 1.04 mg/L (IQR: 0.52-3.67) than those
that recovered, median 0.79 mg/L (IQR: 0.4-2.1). However, the odds
of raised p-dimer and death were not statistically significant, (OR: 1.7,
Cl: 0.53-5.20). Those admitted, had a raised p-dimer, general ward
median of 0.66 mg/L, (IQR: 0.41-2.08) and ICU, median of 0.97 mg/L
(IQR: 0.5-4.03) however the odds of admission to ICU with raised
p-dimer were not significant (OR: 1.0, Cl: 0.38-2.41). Prolongation in
the PT was not associated with increased odds of death or ICU ad-
mission. The prolonged PT was not corrected for use of antic-

oagulants (see Tables 1 and 2).

4 | DISCUSSION

This study evaluated the available hematology laboratory results and
demographic data in a tertiary public healthcare facility in South
Africa and their relation to ICU admission, death, length of hospital
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and recovery in patients diagnosed with COVID-19 over a 3-month
period.

Similar to previously published studies, advanced patient age at
presentation was directly associated with worse outcomes in this
cohort (see Figure 2). Adults older than 70 years represent only
13.6% of the Western Cape Province population.?®?* Dis-
proportionately, the highest death frequency was noted in patients
above the age of 70 years (36.6%), which is similar to the findings of
other studies during the first wave of the COVID-19 pandemic.>??
The overall COVID-19 mortality rate in South Africa in July 2020 was
1.7% which is considerably lower than the figure Italy reported during
the first wave of the pandemic, 15.2%.°%° In comparison to Italian
demographics, the South African population is younger which may be
a significant contributory factor to the comparatively better South
African outcomes despite the more advanced healthcare system in
Italy.”*

The mortality was increased in the HIV-positive group in our
study; however, this was not statistically significant, probably due to
the small number in this cohort. Viral suppression and anti-retroviral
(ARV) medication status were not analyzed, this, coupled with the
large proportion of unknown viral status may be contributory. The
impact of HIV infection on the severity of COVID-19 is con-
troversial.”?*?° Theoretically, patients living with HIV may have re-
duced risk of severe COVID-19 due to dysfunction of cellular
immunity with a lower risk of cytokine storm, therefore less
COVID-19 side effects.”® However, HIV-positive patients may have
HIV-related immunosuppression which may cause more severe ill-
ness. An increased risk of COVID-19 associated death irrespective of
viral suppression has been reported in South Africa.’ These patients
are at higher risk of concomitant TB and other comorbidities which
might cause an over-estimation of COVID-19 death in HIV-positive
patients.?°

Hematological parameters that were associated with worse
outcomes in our study included leucocytosis and neutrophilia in
particular. Higher leukocyte counts have been associated with
increased mortality in COVID-19.%%2227 Neutrophils play a cri-
tical function in the clearance of pathogens and an important role
in the inflammatory response in COVID-19.52? Recognition of
the virus by the neutrophils occurs through pattern recognition
receptors and Toll-like receptors. Stimulation of these receptors
activates downstream signaling cascades, causing the production
of inflammatory cytokines. This inflammatory response may be
severe enough to cause a cytokine storm which is one of the
aetiologies of many COVID-19 related complications.??® Studies
have demonstrated that higher values of proinflammatory mar-
kers are found in ICU admitted COVID-19 patients.”’ Increased
NLR has been associated with severe disease, enhancing the
evidence of the increased inflammatory response in COVID-
19.%12 Raised NLR significantly increased likelihood of death or
ICU admission. Sensitivity and NPV for ICU admission were good,
however less so for death. This suggests that a raised NLR may be
of use in risk stratification of patients with early SARS-CoV-2
infection.

Open Access

Lymphopenia was not significantly associated with the outcome,
however, median and IQRs were below normal reference ranges in all
groups. Lymphopenia and dysregulation of lymphocyte subsets have
been reported in COVID-19.%°"%2 This could be due to direct infec-
tion of lymphocytes, deregulation of cytokines or exudation of cir-
culatory lymphocytes into inflamed lung tissues.*° >? Although lower
lymphocyte counts have been associated with severe disease, similar
to previous studies, there was no significant difference in lymphocyte
count between deceased and recovered patients. This could be at-
tributed to the fact that early stages of infection were assessed.?”>*
Monocytes play an important role in the innate immune response to
infection and elevated counts have been reported in COVID-19.%%8
An increased MLR was associated with both death and ICU
admission.

Platelet production by megakaryocytes is regulated mainly
through thrombopoietin, produced by the liver, and other in-
flammatory cytokines such as interleukin-3 (IL-3), IL-6, and stem cell
factor.>* These cytokines can promote the production of platelets
during inflammation, which may explain the reported elevation of
platelet counts in the early phase of COVID-19.>%*° Changes in
platelet count in COVID-19 can be due to several reasons including
the effect of cytokines, inhibition of platelet production by SARS-
CoV2 infection, platelet consumption in COVID-19-associated lung
damage and associated-thrombosis, and the effect of therapeutic
agents.” Using platelet count as a predictor of COVID-19 severity has
shown contradicting findings.?>?” In early SARS-CoV2 infection,
platelet counts have not correlated with the outcome which probably
explains the normal platelet count in this cohort.””3¢

Anemia could develop during the course of COVID-19 either due
to direct SARS-CoV-2 infection, iatrogenic blood loss during admis-
sion, or dysregulation of iron metabolism.>” Unlike other studies, Hb
level, RDW and MCHC were not associated with worse outcome in
our cohort.***’

COVID-19 is associated with clinically significant coagulopathy
termed CAC. CAC usually presents with thrombotic complications
and is of multifactorial etiology."? It has been associated with ICU
admission, poorer prognosis and mortality.>* Although p-dimer levels
were raised in both the ICU admission and the death groups, there
was no significant association with outcome.

Leucocytosis, neutrophilia, and raised NLR could be used as early
markers to predict a worse outcome in SARS-CoV-2 infection. The
availability and affordability of the FBC and differential WCC at
public healthcare facilities provide an attractive modality of predict-
ing disease outcome in the resources constrained setting such as
South Africa.

This study provides local data in a resource-constrained setting
and reviews the hematological changes associated with early SARS-
CoV-2 infection and their association with outcome. The cohort in-
cluded a heterogeneous group of patients ranging from outpatients
to critically ill ICU patients. The hematological parameters were as-
sessed at an early stage of disease and dynamic changes throughout
the course of the disease were beyond the scope of this study.

Therefore, this data analysis could facilitate in predicting patients
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with increased odds of developing severe disease at time of
presentation.

The limitations of this study include its retrospective nature and
contributes to an uncontrolled risk of selection bias as some patients
may have presented for the first time at a late stage of the disease.
Only data from the NHLS LIS was used, with limited access to clinical
data. The observed association between laboratory parameters and
outcome may be confounded by clinical factors including various
therapeutic modalities, such as lymphopenia due to the use of cor-
ticosteroid or the effect of ARV management on the degree of im-

mune suppression or CD4 count in HIV-positive group.

5 | CONCLUSION
This study highlights the use of affordable and widely available la-
boratory tests in assessment of COVID-19 in the South African
setting. It was found that advanced patient age, leucocytosis, neu-
trophilia, raised NLR, and MLR are significantly associated with worse
COVID-19 outcome. These parameters form part of routine testing in
public healthcare facilities in South Africa and other resource-
constrained settings and therefore could be used as early indicators
of disease severity.

It is recommended that the FBC and differential count, NLR and
MLR should form part of early clinical assessment in COVID-19
infection.
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