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ABSTRACT

Background: Coagulopathy is a common finding in coronavirus disease 2019 (COVID-19) infection
and contributes towards disease severity and mortality. International treatment protocols advocate for

the early use of anticoagulation therapy for patients admitted with COVID-19 pneumonia.

Objectives: In patients admitted with COVID-19 infection, this study served as a safety study to
identify any increased risk of major bleeding in those treated with therapeutic doses (1mg/kg/twice
daily subcutaneously) of a low-molecular weight heparin (LWMH, i.e. enoxaparin) compared to
those treated with prophylactic doses (0.5mg/kg/daily subcutaneously). In addition, it sought to
identify differences in outcomes (other than bleeding) when comparing different enoxaparin doses in

patients hospitalised with COVID-19 infection.

Methods and findings: This retrospective study included 100 patients (over the age of 18 years) who
were admitted to Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) with confirmed

COVID-19 pneumonia of mild to moderate severity between 01 March 2020 and 31 August 2020.

Data was captured using the Research Electronic Data Capture (REDCap) database and National
Health Laboratory Services (NHLS)-Labtrak. The following outcomes were measured: recovery,

progression to invasive ventilation, death, and bleeding.

Of the patients included in this study, 40 were treated with prophylactic doses of enoxaparin and 60
were treated with therapeutic doses. Outcomes were as follows: 81% recovered, 20% progressed to
invasive ventilation, and 19% demised. No patients experienced episodes of bleeding during their

admission.

Of the recovery group, 42% (n=34) of patients received prophylactic doses of enoxaparin, and 58%

(n=47) received therapeutic doses.



With regards to patients who progressed to requiring invasive ventilation and admission to the
intensive care unit (ICU), prophylactic enoxaparin doses were administered in 4 patients and 16

patients received therapeutic doses.

Of the patients who demised, 32% (n=6) had been treated with prophylactic enoxaparin doses and

68% (n=13) were treated with therapeutic doses.

Prophylactic enoxaparin was associated with a higher rate of recovery (p-value = 0.001) but also
with progression of disease (p-value = 0.0495). Death was approximately twice more common in

those treated with therapeutic enoxaparin.

Conclusion: The findings of this study revealed no increased risk of bleeding when using therapeutic
doses of enoxaparin as compared to prophylactic doses in the treatment of non-severe COVID-109.
Current literature shows that once COVID-19 patients progress to severe disease, use of therapeutic
anticoagulation results in a higher risk of bleeding. Our study did not demonstrate such risks. In
addition, our study showed that use of prophylactic enoxaparin was associated with increased
survival rates when compared to therapeutic doses. This contrasts to existing literature. We recognise

the limitations of a small sample size and a unicentric population.
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CHAPTER 1-PROTOCOL WITH EXTENDED LITERATURE REVIEW
1.1 INTRODUCTION

In December 2019, a novel coronavirus emerged in the Chinese province Hubei.! It was given the
name severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and was the causal agent of

the disease entity coronavirus disease 2019 (COVID-19).2

COVID-19 spread rapidly around the world, leaving devastating rates of hospitalisation and
mortality in its wake, and prompting the World Health Organisation (WHO) to declare a global
health emergency. 23# South Africa, a country home to over 50 million people and more than half of
those stricken by poverty, had less than 10 000 critical care beds at the start of the pandemic.® By

September 2020, the number of COVID-19 deaths in South Africa far exceeded 10 000.°

The need for hospital admission and critical care support overwhelmed available healthcare facilities
and services, elucidating the importance of risk stratification strategies to facilitate early intervention,

improve clinical outcomes, and promote efficient allocation of resources.5’

Coagulopathy is associated with severe disease and adverse outcomes in patients hospitalised with
COVID-19.78 Risk stratification strategies include identification of risk factors for severe disease,
assessment of clinical severity, and laboratory investigations.” To prevent complications and
mortality related to coagulopathy, the International Society on Thrombosis and Haemostasis (ISTH)
recommended that all COVID-19 hospitalised patients should receive low-molecular weight heparin

(LMWH) viz. enoxaparin as part of standard treatment protocols unless contraindicated.®

Much research has been undertaken to determine the efficacy of therapeutic versus prophylactic
anticoagulation with regards to improving outcomes in hospitalised COVID-19 patients and reducing
the need for critical care.'® Studies have also sought to observe rates of bleeding when using

therapeutic anticoagulation to treat COVID-19 and thus establish its safety profile.10



1.2 CLINICAL FEATURES OF COVID-19

The SARS-CoV-2 virus is an enveloped betacoronavirus that is mainly transmitted via contact with
respiratory droplets.*'2 Most people are asymptomatic or only display mild symptoms such as cough,
fever, and malaise.'> However, approximately 10% can develop severe pneumonia and progress to
acute respiratory distress syndrome (ARDS).® A study in Wuhan reported that ARDS was more

common in older patients and those with hypertension or diabetes mellitus.*?

Risk factors for severe disease and mortality include male sex, older age (above 65 years),
cardiovascular disease, diabetes mellitus, hypertension, obesity, and chronic obstructive pulmonary
disease.>'? Infection with the Human Immunodeficiency Virus (HIV) has been shown to be an
independent risk factor for severe disease and mortality.*® Approximately two-thirds of the world’s

HIV population live in Sub-Saharan Africa.!?
1.3 INFLAMMATION AND THROMBOSIS IN COVID-19

The virus infects the host cell by utilising the angiotensin converting enzyme-2 (ACE-2) receptor.'4
This receptor is expressed by many cell types throughout the body, including (but not limited to) the
lungs, heart, kidneys, and endothelium.* Infection of pneumocytes in alveoli invokes a profound
inflammatory response with a significant increase in production of pro-inflammatory cytokines, a
phenomenon termed the “cytokine storm”.*®® In a healthy individual, inflammation results in
activation of the coagulation system to limit systemic spread of an infectious agent.!” However, in
COVID-19 infection, the normal balance between coagulation and anticoagulation pathways is
disrupted, and the resultant hypercoagulable state portends a poorer prognosis.>*2

Immunothrombosis and its sequalae in COVID-19 is multifactorial.”°

Infection of endothelial cells disrupts the normal function of endothelium.!” Consequences of this

include vasoconstriction, increased production of thrombin without concomitant fibrinolysis, altered



interactions with immune cells, abnormal platelet aggregation, and altered vascular

permeability. 114171920 Enhanced platelet activation further mediates the inflammatory response.?

Endothelial dysfunction in COVID-19 leads to ischaemic injury and dysfunction in multiple tissues

and organs, further enhancing inflammatory responses and thrombosis.#6

In the lungs, endothelial injury and inflammation contribute to the development of ARDS, which is
associated with a high mortality rate.>?* This is worsened by pneumocyte infection and damage,

which results in localised thrombin generation and platelet activation, and decreased fibrinolysis.

Lung damage, inflammation and microvascular thrombosis all impair pulmonary gaseous exchange
and cause hypoxia.'® Hypoxia contributes to thrombosis by increasing blood viscosity, activating

certain transcription pathways, and promoting further inflammation. 6.7

Disseminated intravascular coagulation (DIC) can develop due to activation of coagulation pathways
by cytokines such as interleukin-6 (1L-6) and tumour necrosis factor (TNF).2! It is postulated that
DIC may contribute to the development of ARDS by promoting a consumptive coagulopathy

localised in the pulmonary vasculature.?*

Conventional risk factors for development of thromboembolism also play an important role in
hospitalisation with COVID-19.22 These include prolonged immobilisation, use of central venous

catheters, comorbidities (e.g. malignancy) surgical procedures, and sepsis.®?2
1.4 PREDICTORS OF DISEASE SEVERITY

Typical laboratory findings of COVID-19 patients include thrombocytopaenia, prolonged
prothrombin time (PT), and raised D-dimer levels.? D-dimer levels serve as a marker of formation

and lysis of fibrin, and thus reflect activation of the coagulation system.??

After the emergence of COVID-19, it soon became evident that raised D-dimer levels (defined by the

ISTH as a rise by 3-4-fold above normal) was a risk factor for organ dysfunction, ARDS, need for



intensive care, and mortality.’>?2 A Chinese study of over 300 hospitalised patients showed that D-
dimer levels greater than 2.0mcg/ml on admission was an accurate predictor of mortality.® Another
study also showed that patients who required intensive care had higher D-dimer levels on

admission.®

Evidence suggests that D-dimer levels could be an early predictor of complications and mortality in
COVID-19, and recognition of such can be used to improve clinical outcomes.® The ISTH
recommends the use of D-dimer measurements to risk stratify patients and facilitate early

intervention.®

Research has shown that patients with severe COVID-19 infection tend to have lower platelet

counts.” One systematic review reported that thrombocytopaenia was observed in 57.7% of patients
with severe disease, whilst only 31.6% of patients with non-severe illness had low platelet counts.??
A meta-analysis done by Lippi and colleagues reported that thrombocytopaenia was associated with

an increased risk of severe disease by 5-fold.’
Possible mechanisms for thrombocytopaenia in COVID-19 include:

e Viral infection of platelets®?

e Antibody-mediated destruction and clearance of platelets due to molecular mimicry?*

e Platelet consumption due to microthrombi formation?*

e Infection of bone marrow and decreased thrombopoiesis®*

e Damage to pulmonary capillaries and lung tissue, leading to impaired breakdown of
megakaryocytes and decreased release of platelets into the systemic circulation.?*

e Increased cytokines and activation of macrophages, causing a decrease in the number of

platelet progenitor cells.?®



In cases of viral infection, thrombocytopaenia due to increased destruction or immune clearance of
platelets tend to occur earlier in the disease process, whilst mechanisms of decreased production tend

to occur later.®

Despite the association between thrombocytopaenia and the severity of COVID-19, research has
shown that the degree of thrombocytopaenia is generally mild (counts = 100-150 x 10° cells/L), and

episodes of bleeding are rare.”°

The ISTH recommends monitoring of coagulation parameters (i.e. D-dimer, PT, platelet count) to
identify patients who are at risk of developing severe complications from COVID-19, and thus
prompt early escalation of care.” Similarly, if those same parameters show improvement (in

conjunction with an improved clinical response), clinicians may consider de-escalating level of care.’

1.5 ANTICOAGULATION AND COVID-19

The ISTH recommends that prophylactic enoxaparin be considered in all hospitalised COVID-19
patients with platelet count > 25 x 10° cells/L and in the absence of contraindications.” Benefits of

enoxaparin in COVID-19 may include:

e Protection against development of venous thromboembolism (VTE)’

e Anti-inflammatory effects, which may mitigate the cytokine response and recruitment of
leukocytes, thereby reducing lung damage.*®

e Improvement of pulmonary gaseous exchange by reducing the cycle of
immunothrombosis in the lungs.?

e Decreasing the effects of thrombin and thus curbing inflammation?®

e Limiting endothelial damage caused by histones (released from damaged cells)*®

e Decreasing organ damage by lessening endothelial damage!®

e Possible antiviral effects due to its polyanionic properties'®



e Diminishing the contribution of thrombosis towards the development of ARDS and
providing time for additional therapies to take effect.®

e Immunomodulatory effects®®

Overall, enoxaparin therapy has proved beneficial in improving outcomes, preventing complications

such as ARDS, and lessening the need for critical care support.%18
1.6 PROPHYLACTIC VERSUS THERAPEUTIC ANTICOAGULATION IN COVID-19

Despite evidence supporting the beneficial effects of enoxaparin therapy when treating COVID-19,
evidence has also shown that patients may still develop thrombotic complications despite receiving
prophylactic anticoagulation.'®*® Results from one study revealed that 49% of patients developed
thromboembolism despite receiving prophylactic anticoagulation therapy.*® A report by Rannuci et
al. suggested that increased doses of enoxaparin may improve outcomes in COVID-19.1
Explanations for this may include mitigating the progression to DIC and reducing the effects of
thrombosis on respiratory compromise.'® The report suggests that since COVID-19 seems to invoke
a hypercoagulable state that is more remarkable than other hospital illnesses, higher doses of

anticoagulant therapy are needed.*®

One large clinical trial (which incorporated findings from over 300 hospitals across the world) found
that therapeutic anticoagulation decreased the need for critical care in patients hospitalised with
COVID-19 of moderate severity.?® Contrastingly, patients with severe disease and requiring
intensive care did not show improved outcomes when treated with therapeutic doses of heparin.?°
Another study found that use of therapeutic anticoagulation increased the risk of major bleeding
events by 5.7% in patients hospitalised with COVID-19.1! However, this study did not compare this
risk with those who received prophylactic doses.'* A multiplatform trial published in 2021 that
involved over 2000 patients reported that when treating COVID-19 of non-critical severity,

therapeutic-dose heparin decreased the need for vital organ support and increased survival rates



when compared to prophylactic doses. However, major bleeding occurred more often in the

therapeutic (1.9%) group than the prophylactic (0.9%).°

It is postulated that the timing as well as doses of anticoagulation is important when treating COVID-
19.31¢ Studies have found that once patients develop severe COVID-19, therapeutic anticoagulation
offers no benefit and in fact increases the risk of bleeding.?° It is possible that once a patient
progresses to severe disease, which is associated with dysfunctional coagulation and ARDS,

therapeutic enoxaparin fails to halt the inflammatory cascade and thrombosis.°

Previous studies indicate that hypercoagulability develops early in COVID-19.2 Thus, by initiating
higher doses of anticoagulant therapy earlier, progression to critical illness and DIC may be
mitigated.® In doing so, episodes of major bleeding (associated with severe COVID-19) may also be

avoided by halting disease progression.®

The ISTH recommends prophylactic doses of LMWH or unfractionated heparin (UFH) in all
hospitalised patients with COVID-19 of non-critical severity.® In select patients hospitalised with
non-severe illness (those at increased risk of adverse outcomes), therapeutic LMWH/UFH may be
considered to improve outcomes (class A evidence).® The guidelines do not recommend escalation of
anticoagulation in patients with critical COVID-19 illness unless a specific indication exists (e.g.
atrial fibrillation).® A commentary published by Connors et al. proposed that the introduction of other
therapies such as IL-6 antagonists may be beneficial when treating severe COVID-19, rather than

increasing anticoagulant therapy.®
1.7 RATIONALE FOR RESEARCH

Coagulopathy and thrombotic events are associated with adverse outcomes in COVID-19.8 Early and
accurate predictors are paramount to identify those at risk of severe disease and initiate treatment
urgently.® International studies report improved survival rates and reduced need for critical care

when therapeutic enoxaparin therapy is initiated early in hospitalised COVID-19 patients with



moderate disease in the absence of contraindications.? In severe cases, not only does therapeutic

anticoagulation not seem to improve outcomes but it also raises the concern of bleeding.?°

In contrast, studies regarding thrombocytopaenia in COVID-19 report that incidence of bleeding is
rare.”1® A paper describing the treatment protocols at South African hospital Groote Schuur Hospital
reported that COVID-19 patients who were critically ill received intermediate doses of heparin
during their admission, in contrast with the ISTH recommendations.?® This article does not report on
any comparison with patients who receive prophylactic doses, and it makes no mention of increased

of bleeding when using higher doses.?®

In a country like South Africa, with its unique burden of HIV infection and limited healthcare
resources, it may prove valuable to evaluate both the efficacy and safety of therapeutic versus
prophylactic enoxaparin when treating hospitalised COVID-19 patients, to optimise outcomes and

promote efficient use of resources.>*3
2. AIMS AND OBJECTIVES

The aim and primary objective of this study is to evaluate the safety of therapeutic enoxaparin
(Img/kg/twice daily subcutaneous) in the treatment of patients admitted to Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) with COVID-19 of mild-moderate severity on
admission. We intend to identify any episodes of bleeding that may occur in the therapeutic group

and compare the incidence rate with the prophylactic enoxaparin (0.5mg/kg/daily subcutaneous)
group.

Our secondary objective is to compare outcomes other than bleeding between the 2 dosage groups,

namely: recovery, progression to invasive ventilation and death.



3. METHODS

3.1 Study type:

Retrospective study.

3.2 Study participants:

One hundred patients admitted to CMJAH with confirmed COVID-19 that meet the inclusion criteria
(see below). Each treatment group (prophylactic enoxaparin versus therapeutic enoxaparin) will
include a minimum of 30 patients each. These numbers were decided upon following the advice of

the protocol assessors.

Patients will remain anonymous and will be allocated random numbers unrelated to their personal

details or hospital numbers.

3.3 Inclusion criteria:
e Confirmed COVID-19 of mild-moderate severity as classified by the National Institutes
of Health (NIH; see appendix 3) on admission to CMJAH between 01 March 2020 and 31
August 2020.
e All ages 18 years and above
3.4 Exclusion criteria:
e Pre-existing bleeding diathesis
e Chronic anticoagulant medication such as vitamin K antagonists or novel oral
anticoagulants
e Patients receiving invasive ventilation or non-invasive ventilation such as high-flow

oxygen or continuous positive airway pressure therapy on admission.



3.5 Data collection:

Data will be collected from the REDCap database, NHLS-Labtrak, and information from patient

hospital files accessible from the online database Medicom.
The following data will be captured:

o Age

e Race

e Gender

e Height and weight

e Comorbidities and chronic medications

e Date of admission

e Oxygen saturation at room air on admission
e Enoxaparin dose

e Final outcomes

e Episodes of bleeding

3.6 Statistical analysis:

A statistician will be consulted to assist with statistical interpretation of the data. To assess for a
relationship between enoxaparin doses and outcomes, data will be organised in contingency tables
prior to statistic testing. Tests such as the Chi-square analysis and likelihood ratios will be used to
test the null hypothesis that there is no relationship between enoxaparin doses and outcomes in
hospitalised COVID-19 patients. The strength of association between dosage types and outcomes

will be tested using Cramer’s V correlation coefficient.



4. ETHICAL CONSIDERATIONS:

Permission to conduct this study will be obtained from the Internal Medicine department at CMJAH,
the Chief Executive Officer of CMJAH, the REDCap and NHLS-LABTRAK databases, and the

Human Research Ethics Committee of the University of the Witwatersrand.

5. FUNDING:

As all tests and interventions will form part of standard routine care, need for additional funding is

not anticipated for this study.

6. STRENGTHS:

e All data will be captured by one researcher so methods will remain consistent.

e Data collected from REDCap and NHLS-Labtrak will be standardised.

7. LIMITATIONS:

e Small sample size

e Unicentric population

e Patient comorbidities which may influence outcomes independent of enoxaparin dose.

e Additional therapies such as corticosteroids which may influence outcomes independent

of enoxaparin dose.
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FORMAT-FREE FHITIAL EVALUATION FORMAT-FREE FULL
INITIAL SURMISS|ION SUBMISSION [RT)
Choose to submit either: PLOS aditers will evaluate yaur ¥ will b asked to provide
A& ferrnan-Tree single PDF aleng submission. if they decide to additianal infarmation such as
with a cover katter Sarid VOLIF FRARALUSCTET 1O peer whie Tull autkiar lisr and
oR e, you will ba Invited to Competing interests to prepane
A Tarmat-fres manusong ke add zame additional submission your pager Tor peer review, AL
with mpﬂrﬂtnflgurﬁ, infanmatian, This GLage YUl Manuscrip
supparting infarmation, and a number gains the ending "61°
et latiar,

Foamat-froe initial submission

PLOS Medicine uses the initial submission process, allowing authors to quickly submit to the journal and
oblain rapid feedback from the editors. If the edilors decide that the work ks suilable for peer review,
authors will be asked to provide a [ull submission with additional information.

Qualifying artich types This process applies bo all arfice types submilted 1o PLOS Medicing.
Submission slements ¥ Comespording authar information

¥ Manuscripl (with lille page contairing Tull authar list)

> Cover kelber

* Figures

3 Supporling information
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Aboul the Submission

Process oR
| styte and Format ) )
3 i prefemed, uplead Tigure files slongside a PDF or Ward manuseript Tle, with & sepasais
File Tarmat o betlar
Length
Fant Crealing an initial submission is the most efficient way 1o obtain feedback from the journal. Authars who
Headings email with an inquiry will be asked lo submil the manuscripl as an initial submission.
Land spacing Foamat-free full submission

Page and line numbers
If you receive an inilial decision from the journal commilling to peer review, you will be asked 1o complate a

Foctnales full submission with additional infoermation including:
Language
Abbreialions ¥ Full auther list and aulhar dedails
Rsference style ¥ Delais of the avalability of data generaled in the sludy
s ¥ Delals of any ethical aparovals
| ¥ Delals of dlinical irials ragistration, if appheabie
Manuseripl Organization
Parls of a Submission @ Sty and Fomat
Additional Infarmation The Stye and Formal criteria below are reguired nly i the ript is pursued far publication with a pesitive decisian
Requesied al Submission alter peer review. Authors invited o submil a revisian will be prampled bo farmat their manuscrigl in line with these

Guiidelines for Spacific Sty requiremerils. We do nol reguire specilic formalting of manuseripls for Full Submission.

Types
Other Atticle Types

PLOS Commarity Action
Pubiishing (CAP) - nan
member fee support
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Style and Format

Layout and
spacing

Language

stylo

Submil the manuscript file in DOC, DOCX, RTF, or PDF formal. Your file should not be locked or prolacled.
IFyeu have wrilken your manuseripl in LaTeX, please submil as a POF. Bead the LaTe quideines
Mariseripls can be any length. Theme are no resiictions on ward count, number of figures, or amouri of
supparting information.

W encourage you o present and discuss your Tndings concisely.

Use a standard Tonl size and any standard fonl, excepl for the Tonl named “Symbal™. To add symbols o ha

maniseripl, use e |rsert — Symibal Tuncon in your woed processer of paste in he appropriste Unicode
characten

Limil manuscripl seclions and sub-sechions 1o 3 hesding levels. Make sure heading levels are clearly indicated

in the manuseript lexl,

Maniseripl bt shauid be double-spaced,

D nol farmal bexl in mulliple columns.

Inchude page numbers and pe numbers in the manuseript file. Use conlinuous Bre numbers (do nol restart the
numibering on sach page).

Foalrotes are nol permilbed. If your ripl contains Toobnoles, meve the information inlo the main ted ar
the reference ist, depending on the conberl.

Manusaripls musl be submilted in English.

You may submil ranskalions of the
i : i

ripl of absiract as supporting nformation. Read the sugporling

Diefine abbreviabons upon fissl appearance in the bext,

Do nol use non-standard abbrevialions unless they appear al beas three fmes in the lex). List all non-slandand
abbreviations [with defintions) in alphabetical order in 4 separate section 3 the beginring of he manusesipl.

Keep abbrevialions 1o & minemum,

PLOS wses “Vancouver™ siyle, as oullined in the [CMJE sample references

See releence formalling examples and addilional insireclions bedow.

We recammend wsing Math Type for display and infine equalions, s il will provide the most relisble aulcame. If
ihis is rat possible, Equation Editer o Microsell's Insert—~Equation linclion i acosplable. Pleass do nat
embed sgualions 38 images.

Awoid using MalhType, Equation Edilor, ar the Insert—Equation funclion lo insert single variables (2.9, “a® + b
= &%), Gresk of olher symbals (&.9., B, 4, of " [prime]), or mathematical operabors (eg., X 2, of ) in ARG
lexl. Whensver possible, insert single symbols s nonmal text with the cormect Unicode (hex) valuss.

D nol s MalhType, Equation Edilor, of the Insen—Equation funclion for only a portion of an equation.
Ratfhier, ensure that the enlie sgquation is included. Equations should nol contain a mix of different equation
toals. Avsid “hybrid” inline or display squalions, in which past is lext and par is MathType, of par is MathType
and part i Equaticn Editar.

Use camact and established nomandaiune wheraver possible

Linits af Use Sl unils. If you do nel use thess exchusively, provide the S value in parentheses
e asuneyeT afler each value. Read maore aboul 51 unils.
Dvugs Proide the Recommended Inerrational Non-Proprietary Name {fINN].

Wrils in Halics {e.g., Homo sapiens). Write oul in full the genus and species, both in the
Species tille of the manuscripl and al the firsl menlion of an organism in a paper. Afler firsl

merilion, the first letier of he genus name followed by the Tull Species name may be
used fe.q., H. sapisns).
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Write in Ralics. Use the recommended name by consulling e appropriate genetic

Genes, nomenclature dalabase (e.g., mummmwm-mmwm
Aboil $0 St fesion mutations, this tooi to check agai y d names). It is sometimes advisable to
Process genolypes, and the synony mmegemmhllmlmamlnmnn&mm
Im“m alleles such as those used for oncogenes or cellular localization should be shown in roman
typeface (eg., vles, &-MYC)
File format
Length The sy ic al { of the World Health Organization/international
Unian of Imrmndognl Societies (WHOVIUIS) ABergen Nomenciatre Sub.committes
Font should be used for cripts that i the descriplion of use of allergenic
Headings proleins. For manuscripls ibing new allerg: the sy name of the
allergen should be appmed b; the WHOJIUIS Allergen Namenclature St.b-cumine
Layout and spacing prioe 1o ipt p ples of the gy o can
Page and ine numbers umuummmmdnmm.
Footnoles
TR Manuscript Organization
Reference style Most manuscripts should be organized as follows. Instructions for each element appear below.
Equations > Title
| Nomencisture 5 i
Manuscript Organization > AMiiations
Parts of a Submission > Abst
AdmOn MR 3 Introduction
Requested at Submission
> Methods (or Methods and Materiais)
Guidelines for Specific Study
Types ¥ Results
Other Article Types > Discussion
PLOS Community Action > Acknowledgments
Publishing (CAP) - non >
member fee support Riferences
> Supporting information captions
Other elements.
> Upon revision, figure files should be uploaded ly from the

ip amquueaplmmldbemmdn
mdad«awmﬁmmphmmgﬁgmescled abouyl o during

> Tables are insected immediately afer the first paragraph in which they are cited.
¥ Supporting inf tion fes are uploaded sap dy

O Refer to cur downloadable sample files to ensure thal your submission meets our formalting requirements:

Parts of a Submission

Include a full title and a short title for the manuscripl.

Title Length Guidelines Examples

Full 200 Specific, descriplve, concise, and hnpm of cigarette smoke exposure on innate

title characlers comprehensible 1o readers idi ity: A C: bdifs elegans model
the field

Sclar drinking water disinfection (SODIS) to reduce
childheod darrhoas in rural Bolivia: A cluster-
randomized, controlied trial

Short 70 State the lopic of the study Cigarette smoke exposure and innate immunity
title

SODIS and chidhood diarrhoea

19
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Wrile in tafics. Use the recommended name by consulting the appropriale genetic

Genes, nomenclature database (e.g., mmmmmwmvmmlusmg
mutations, unwwm i ly approved L ltis 4 1o
genotypes, and the synony bfmegemmelmhmeiappeammmenen Gene prefxes
allefes such as those usad for of cellular k should be shown in roman

e

typeface (e.g., wles, c-MYC).

The ic &l e of the World Health Organization/international
Unlm of Immumlogcal Societies (WHOVIUIS) Aergen Nomencialure Sub-committee
should be usad for manuscripts thal include the description or use of allerg

proleins. For manuscripls describing new allergens, the systemalic name of the

ens allergen should ba appmd by the WHOUIS Allergen Nomendauure sm-eummnee
priee 1o Pl p Examples of the sy e can
be found at the WHOIUIS Allsrgen Nomenclature site
Manuscript Organization

Most manuscripts should be organized as follows. Instructions for each element appear below.

> Title
> Authors

v

Alfliliations

Abstract

Introduction

Methods (or Methods and Materiais)
Results

Discussion

Acknowledgments

Referances

Supporting information caplions

W W NN W W

Other elements
> Upoen revision, figure files shouid be upl d ly from the -p-,avdeadtﬁgueaplnnmmnenmeﬂadn
read order after the first paragraph where the figure is ciled. Raad our fig
sach stage of edilorial teview
> Tables are inseded immediately afler the first paragraph in which they are cited.
> Supporting inft files are uploaded sep &y

O Refer 1o cur downloadable sample files 1o ensure thal your submission meels our formatting reguirements:

Parts of a Submission

Title

Include a full title and a short title for the manuscript.

Title Length Guidelines

Full 200 Specific, descripfve, concise, and
title characters comprehensivle to

Examples

HW of cigarette smoke exposure on innate
y- A C. s e model

the feld

State the topic of the study
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salisly the ather remaining contributions; however, these alone will nol qualify them for authorship.

Confributions will be published with the final article, and they should accurately reflect contributions to the
work. The submitting author is responsible for completing this information at full submission, and we expect
that all authors will have reviewed, discussed, and agreed 1o their individual contributions ahead of this
time.

All guthers wil be contacted via email upan Full Submission to ensure (hat hey are sware of and approve the submission of
the manuseript, ils eonlent, subharship, and order of aulharship. Arlicles will ned be published unless all authars have
previded Bieir assen bo publication,

Cowar kefiar

Upload a cover letter as a separate file in the online system.
The cover letter should address the following questions:
3 Why is this manuseripl subable for publication in PLOS Medizine?
¥ Why will your shudy inspire researchers or chinicians, and how will B improve patient care or public health, or drive the
understanding of diseass farward?
Titla pags

The litle, authors, and affiliations should all be included on a title page as the first page of the manuscript
file.

@ Dewnload our sample it author list and afislions page (POF)

Abstract

The Absliract comes afler the title page in the manuscripl file. The abstract text is also entered in a separate
field in the submission system.

The research article Absiract is divided into the following three sections: Background, Methods and
Findings, and Conclusions. It should contain all the following elements (ilems in square brackels are
needed only for some study types).

PLOS Medicine pralers abstracl submissions nol exceed 300 words, with a maximum of 500 words
allewesd.

Background

» This section should clearly describe the rationale for the study. i should end with a statement of the specific study by pothesss
andior sludy chjectives.

Meshods and Findings

¥ Describe lhe sludy participants or whal was studied [2.g.. palient papulation, cell lines; be as specilic as passible, inshding
risnbers of individials sludied). Deseribe the slidy design, inlervention il applicablie, main methods used, primary oulesme
rmeasure(s), and length of Rallow up if apgplicabie.

3 [l appropriabe, include how many paricipants wene assessed oul of thoss enralled. Far suney ressarch, include the
respanse rale ]

[If critical 1o the understanding of the paper, describe how resulls were analyzed, | e, which specific statistical lests were
used ]

W

* Descrive the main oulcomes and quanlify the resulls wsing & measwre of precision (e.g., 95% confidence intenval). Describe
any adverss svents.

¥ Describe the main Imitalions of the sludy.

Conchikrs

» Provide a general inlerpretation of the resulls with any imporant recommendations for fulure résearch.

¥ [For a clinical rial, provide any irial identification number(s) and ramels) (e.g., ial registration number, prolocel number ar

Intbro-duction

The introduction should put the focus of the manuscripl into a broader contexl. As you compose the
Intraduction, think of readers who are not experts in this field. Include a brief review of the key literature. If
there are relevant confroversies or disagreements in the field, they should be mentioned so that a non-
experl reader can delve into these issues further. The Introduction should conclude with a brief statement
of the averall aim of the experiments and a comment about whether that aim was achieved.

hitps:{fjournals. plos.org/plosmedicine/s/submission-guidelines
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Muihods

The Mathads should provide enough delail for reproduction of the findings. Prolocols for new melthods
should be included, but well-established methodological procedures may simply be referenced. A full
description of the methods should be included in the manuscripl itsell rather than in a supplemental file.

Methods should also include a section with descriplions of any statistical methods used. The description
should conform to the criteris oullined by the Uniform Requirements, as follows:

Dieseribe shatistical mathads with enough detal fo enable & knowiedgeabie reader with sccess o the ariginal dats Io judge e
apprapristeness for the shady and bo verly the reported resuite When pessible, quantify findings snd present fhem with
appragriste indicators of ¢ evror ar uncertsinly (such as confidence intenvals). Awvoid relying solely on stalisical
hypoihesis testing. such a2 P values, which fal fo convey impartant infarmation sbouf effect size and precision of estimates.
Referances for the design of the sfudy snd stalistical methods should be lo sfandard works when possible (wilh pages
staled). Define sistisical larms, sbbreviations, and mos! symbels. Spesily the stalistical sofware package(s) and versisns

used. Distinguish prespecifiad fram sxplovalory snalysas, including Subgroup analyses.

Submit detailed protocols for newer or less established mathods. Well-established prolecols may simply be
referenced. Protocal documents for clinical trials, observational studies, and other nen-labaratory
investigativns may be uploaded as supporting information.

We recommend and encourage you lo deposil laberatery protocols in proloenls o, where prolocols can
be assigned their own persistent digital object identifiers (DOIs).

To include a link to a prolocol in your article:

1. Describe your slap-by-step prolocel on prolocol io
2. Selact Get DOI I issue your prolecsl & persistent digital abject idensfier (D01

3. Inciude e DO link in the Metods section of your manuseripl using the following lormal provided by pralacoks ie:
i, dai_arg!10.17504/prolocoks. js JPROTOCOL DON

Al this stage, your prolocol is only visible to those with the link. This allows editors and reviewers lo consult
your prolocol when evaluating the manuscript. You can make your protocols public at any time by selecting
Publish on the protocols.io site. Any referenced protocol(s) will automatically be made public when your
article is published.

PLOS ONE offers an option for publishing peer-reviewed Lab Protocol articles, which describe prolocols
hosted on protocols.io articles. Read more information on Lab Protocol adicles .

Resuls

The Results section should include all primary and secondary culcome measures analyzed. The section
may ba divided into subsections, each with a concise subheading. Tablas and figures central Io the study
should be included in the main paper. The Resulls section should be writlen in past lense.

PLOS journals require authors to make all data underlying the findings described in their manuscript fully
available without restriction, with rare excaption.

Large data sets, including raw data, may be deposiled in an appropriate public repository. See our list of
ecommended repositories.

For smaller data sels and certain dala types, authors may provide their data within Supporting Information
files accompanying the manuscript. Authors should take care lo maximize the accessibility and reusability
of the data by selecling a file format from which data can be efficiently extracted (for exampile,
spreadsheets or flat files should be provided rather than PDFs when providing tabulated data).

For more information on how besl lo provide dala, read our_policy on dala availability, PLOS does nat
accapl refarences 1o “dala not shown.”

As outlined in the Uniform Requirements:
Give numerit rasuiis nof only as derivatives (for example, percenfages) but siso as the sbsolute aumbers from which the
derivatives wars calculated, and specify the statistical significance sitached o them, if any. Restrict tabies snd figures o
Ihase needed fo explain the amgumeant of the paper and fo assess supporting dafa. Use graphs 88 an allemative bo trhiss
with many entries: do mof duplicate data in graphs and fabes. Awsid nonfechnical uses of tschnical fenms in statistics, such
&8 Tandom” (which imples a randemizing device). ormal,” “significant " correlations, ” and “sample "

Discussion

The Discussion should be concise and tightly arqued. It should start with a brief summary of the main

findings. It should include paragraphs on the generalizability, clinical relevance, strengths, and limitations of

your study.

You may wish to discuss the following points also:

¥ How do the condusions affect the existing knowledge in the Held?

hitps: ffjournals plos org/plosmedicine/s/submission-guidelines
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* How can fulure ressarch build on these obsendations and what are the key experiments thal must be done?
Acknowledgmants

Those who contribuled 1o the wark but do not meet our authorship criteria should be listed in the
Acknowladgmenls with a description of the contribution.

Authors are responsible for ensuring that anyone named in the Acknowledgments agrees to be named.

) PLOS jousnais publicly acknowledge the indispensable efiorts of our edilars and reviewsrs on an arnual basis. To
ensure equitable recognition and avaid any appearance of partiality, do nol include editors or peer reviewers—named ar
unnamed—in the Acknowledgments.

Do Pat include funding saurees in the Acknowledgmenls or anywhese sise in the manusaipl fe. Funding infamation
sheaild enly be enlered in the nancial disclosure seclion of hie submission syslem.

Rofarancos
Any and all available works can be cited in the reference list. Acceptable sources include:

¥ Publshed or accepled manusaripls
» Manuscriphs on preprint ssrvers, providing the manuscrip has a citable DO or arXe URL.

Do not cite the following sources in the reference list:

3 Unavailable and urgubished werk, inchuding manuseipls fal have besn submilied but nol yet accepled (e.g., "unpublished
work,” “dala ot shewn™). Instead, incuds those dala as supplementary material or deposit he ala in a publicly avaiable
database,

» Personal communicalions (Fase shauld be wwa lelber Troem The ralevant authors bul Aol indudad in the referamnce
list)

» Submitled research shauld ret rely upen retracted ressarch, You should aveid ciling relracted articles uriess yoeu need 1o
diseisss retracled wark bo previde historical eontext for your submiled research. IT il is necessary 1o discuss reracled wark,
stabe the arficle’s retracted stalus in your artide’s lext and reference st

Ensure thal your reference list includes full and current bibliography details for every cited work at the time
of your arlicle’s submission (and publication, if accepled). If cited work is corrected, retracted, or marked
wilh an expression of concem before your article is published, and if you feal it is appropriate 1o cite the
work even in light of the post-publication notice, include in your manuscript citations and full references for
both the affected article and the post-publication notice. Email the journal office if you have questions.

References are listed at the end of the manuscript and numbsered in the order that they appear in the lext.
In the text, cite the reference number in square brackets (e.g., “We used the techniques developad by our
colleagues [19] to analyze the data”). PLOS uses the numbered citation (citation-sequence) method and
first six authors, et al.

Do nat include citations in abstracts.

Make sure the parts of the manuscript are in the correct order before ordering the citations.

Formatting references

) Because all references will be linked shectronically as much as possible (o the papers they cile, proper larmating of
references i crucial,

PLOS uses the reference style cullined by the International Committes of Medical Journal Editors (ICMJE),
also referred 1o as the “Vancouver” style. Example formats are listed below. Additional examples are in the
ICMUE sample references.

A refarence managemen tocl, EndNate, ofers & curment gyl e thal can asait you with fie formabing of your references. I
yau have probilems with any reference manasgement program, please contact the souros company’s lechrical suppar.

Journal name abbreviations should be those found in the National Center for Bictechnology Information
(NCBI) dalabasas.

hitps:fjournals plos org/plosmedicine/s/submission-guidelines
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Source Format

Published arlicles Hew WR, Hou YL, Wi GF, Sang ¥, Su XL, Sun B, &l al. cOMA, genomic sequence daning and
overexpression of ribosemal prolein gene L9 (rplo) of the gianl panda (Aluropoda melanclsuca).
Ganel Mol Res. 2011;10: 1578-1588.

qu'u P. Gulati R, Anlony PT. Mithun CB. Negi V5. Susceplibiity 1o SLE in Soulh Indsan Tamils
ey be i d by genelic seleslion pressure an TURZ and TLRD genes. Mal lmmunal. 2014 New
22, pii: S0161-5800(14)00313-7. dei: 10,1016 molimm.2014.11.005.

Mobe: & DO numiber for the full-lext arficle is accaptable as an alternalive o or in addition o traditienal
volume and page numbers. When providing a DOL, adhere 1o the Tarmal in the example abave with
bath the label and full DO included al the end of the relerence (doi: 10,1016 molimm.2014.11.005)
Do nol provide a shorened DOl or the URL.

Accepted, Same as published atides, bul substilte Ferlheoming” for page numrbers or DOI.
unpublished articies

Online arlicles Huymen MMTE, Martens P, Hildedink HEM. The health impacts of globalisation: a conceplual
Tramensork. Gk‘.bﬂ Heal.h 2005:1: 14. Available from:

Boaks Bales B. Bargaining Tor e: A social history of luberculosia. 151 ad. Philadelphia: Universily of
Pennsylvania Press, 1082,

Book chagters Hansen B. New York Cily epidemics and hisicry fox the public. in: Harden VA, Risse GB, edtors. AIDS
and the hist Bath Malional Institutes of Health; 1991, pp. 21-28.

Depasiled Krick T, Shul DA, Versiraele N, Ferreire DU, Alonso LG, Shub M, et al_ Amina asid melsboksm

afticles [preprinls, &= conflicts with protein diversity. ariv: 1402 33011 [Preprinl]. 2014 [eiled 2014 Masch 17). Available

prifils, £ arKv) o hitps:(128 84 21,109/ ber1403. 3301v1

Kinrding KP: Mensh B. Ten simple nubes for structuring papers. BioRbdv [Prepeint]. 2018 bioRbiv 08B278
[pmbtdznﬁrh-rzﬂ revised 2016 Dec 14; revised 2016 Dec 15 ciled 2017 Feb 5] [12 p ] Available
Buf doi: 10.1101/088278

Published media (prinl  Fountain H. Far Already Vulnerable Penguins, Study Finds Climale Change |s Anolher Danger. The
of online newspapers  New York Times, 2014 Jan 20 [Ciled 2014 March 17]. Available fram:
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ABSTRACT

Background: Coagulopathy is a common finding in coronavirus disease 2019 (COVID-19) infection
and contributes towards disease severity and mortality. International treatment protocols advocate for

the early use of anticoagulation therapy for patients admitted with COVID-19 pneumonia.

Objectives: In patients admitted with COVID-19 infection, this study served as a safety study to
identify any increased risk of major bleeding in those treated with therapeutic doses (1mg/kg/twice
daily subcutaneously) of a low-molecular weight heparin (LWMH, i.e. enoxaparin) compared to
those treated with prophylactic doses (0.5mg/kg/daily subcutaneously). In addition, it sought to
identify differences in outcomes (other than bleeding) when comparing different enoxaparin doses in

patients hospitalised with COVID-19 infection.

Methods and findings: This retrospective study included 100 patients (over the age of 18 years) who
were admitted to Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) with confirmed

COVID-19 pneumonia of mild to moderate severity between 01 March 2020 and 31 August 2020.

Data was captured using the Research Electronic Data Capture (REDCap) database and National
Health Laboratory Services (NHLS)-Labtrak. The following outcomes were measured: recovery,

progression to invasive ventilation, death, and bleeding.

Of the patients included in this study, 40 were treated with prophylactic doses of enoxaparin and 60
were treated with therapeutic doses. Outcomes were as follows: 81% recovered, 20% progressed to
invasive ventilation, and 19% demised. No patients experienced episodes of bleeding during their

admission.

Of the recovery group, 42% (n=34) of patients received prophylactic doses of enoxaparin, and 58%

(n=47) received therapeutic doses.
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With regards to patients who progressed to requiring invasive ventilation and admission to the
intensive care unit (ICU), prophylactic enoxaparin doses were administered in 4 patients and 16

patients received therapeutic doses.

Of the patients who demised, 32% (n=6) had been treated with prophylactic enoxaparin doses and

68% (n=13) were treated with therapeutic doses.

Prophylactic enoxaparin was associated with a higher rate of recovery (p-value = 0.001) but also
with progression of disease (p-value = 0.0495). Death was approximately twice more common in

those treated with therapeutic enoxaparin.

Conclusion: The findings of this study reveal no increased risk of bleeding when using therapeutic
doses of enoxaparin as compared to prophylactic doses in the treatment of non-severe COVID-109.
Current literature shows that once COVID-19 patients progress to severe disease, use of therapeutic
anticoagulation results in a higher risk of bleeding. Our study did not demonstrate such risks. In
addition, our study showed that use of prophylactic enoxaparin was associated with increased
survival rates when compared to therapeutic doses. This contrasts to existing literature. We recognise

the limitations of a small sample size and a unicentric population.
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INTRODUCTION

In December 2019, a novel coronavirus named severe acute respiratory syndrome virus (SARS-CoV-
2) emerged as the causal agent of coronavirus disease 2019 (COVID-19).! The pandemic that
followed resulted in high rates of hospitalisation and mortality, overwhelming healthcare services
and facilities.>® Prompt recognition of predictors for severe disease was vital for early intervention,
lessening disease progression and the need for critical support, improvement of survival rates, and

optimal resource allocation.#

Clinical presentation ranges from asymptomatic or mild symptoms to severe pneumonia, acute
respiratory distress syndrome (ARDS), and multiorgan failure.>® Adverse outcomes in COVID-19
are directly related to the virus’ ability to evoke a remarkable inflammatory response (“cytokine

storm”) and procoagulant state, a phenomenon termed “immunothrombosis”.”*

Risk factors for severe disease and mortality include older age (>65 years), and comorbidities such as
hypertension, type 2 diabetes mellitus, obesity, chronic obstructive pulmonary disease, etc.®
Infection with the Human Immunodeficiency Virus (HIV) has proven an independent risk factor for
adverse outcomes in COVID-19.° Sub-Saharan Africa is home to nearly two-thirds of the world’s

HIV population.®

SARS-CoV-2 is an enveloped betacoronavirus that is mainly transmitted via respiratory droplets.>°
Infection of the host cell is facilitated by the angiotensin converting enzyme-2 (ACE-2) receptor,
which is expressed by multiple tissues throughout the body, such as endothelial cells and

pneumocytes.!!

Normal vascular endothelium regulates coagulation and the inflammatory response via the synthesis
and release of nitric oxide (NO).'2 Infection of endothelium with SARS-CoV-2 results in unregulated
inflammation, thrombosis, and vasoconstriction.!! Subsequent organ ischaemia and dysfunction

propagates inflammation and thrombosis.®!
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In the lungs, inflammation and thrombosis contribute to the development of ARDS, which is
associated with high mortality.*** The resultant hypoxia exacerbates hypercoagulability and

inflammation. 131516

Hypercoagulability and thrombotic events in COVID-19 are associated with poor outcomes and
mortality.*”® Studies report that raised D-dimer levels correlate with disease activity and thus
severity.! Similarly, thrombocytopaenia (platelet count <150 cells x 10%/L) is also a common finding
in severe cases of COVID-19.* Probable mechanisms include direct viral infection, bone marrow
suppression, and excessive consumption secondary to microthrombi formation.*2° The degree of
thrombocytopaenia is typically mild (100-150 cells x10%L).® Evidence suggests that despite

abnormal coagulation parameters, bleeding in COVID-19 is rare.'

The International Society on Thrombosis and Haemostasis (ISTH) advocates for the use of D-dimer
levels to risk stratify patients and guide therapy, thereby promoting efficient use of limited
resources.* The ISTH also recommends the use of prophylactic heparin anticoagulant therapy for all
patients admitted with COVID-19 infection in the absence of contraindications.* In addition to
halting the overactive coagulation cascade, other benefits may include limiting endothelial damage
and organ dysfunction, as well as antiviral properties.*?* Evidence has shown that early use of low-
molecular weight heparin (LMWH) in patients admitted with COVID-19 pneumonia aided in

reducing the incidence of organ dysfunction, need for intensive care and mortality.?8

However, despite the use of prophylactic anticoagulation, research shows that COVID-19 patients
still have a high risk of developing thromboembolism.®!? Several international trials have sought to
demonstrate the superiority of therapeutic doses of anticoagulant therapy over prophylactic doses.?
Findings of such trials show that in patients hospitalised with non-critical COVID-19 illness,
therapeutic anticoagulation improves outcomes.> However, once patients progress to severe disease

and require organ support, these studies show that use of therapeutic anticoagulation poses no benefit
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and in fact increases the risk of bleeding and harm.? Thus, the ISTH recommends that therapeutic
heparin be used for non-critical COVID-19 patients (provided there are no contraindications) but

does not recommend such doses for patients who are critically ill.1°

Contradicting international guidelines, South African Groote Schuur Hospital instituted treatment
protocols involving the use of intermediate doses of heparin when treating COVID-19 pneumonia.??
There are no comments as to whether this proved advantageous over prophylactic doses, and it does

not report any increased incidence of bleeding when using higher doses in their patients.??

In South Africa, with its limited resources and burden of HIV, investigating the efficacy and safety
of therapeutic anticoagulation may prove valuable in risk stratification, resource allocation, and

improving outcomes in COVID-19.%2%
METHODS
Ethical considerations:

Ethics approval was granted by the Human Research Ethics Committee of the University of the
Witwatersrand (clearance certificate number M210204; Appendix 1). This study has also been

submitted to the National Health Research Database (GP_202404 088).
Study population and design:

We conducted a retrospective review. The study included 100 patients (over the age of 18 years) who
were admitted to CMJAH with confirmed COVID-19 pneumonia of mild-moderate severity on

presentation between 01 March 2020 and 31 August 2020.

IlIness severity was classified according to criteria as per National Institutes of Health (NIH)
guidelines (Appendix 3). Patients already on anticoagulant therapy (i.e. vitamin K antagonists or

novel oral anticoagulant agents) were excluded.
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Data was captured using the REDCap database and NHLS-Labtrak. The following information was
recorded: age, gender, comorbidities, dose of enoxaparin received, and outcomes. The following
outcomes were recorded: recovery, progression, death, and episodes of bleeding (defined as per the
International Society on Thrombosis and Haemostasis-Scientific and Standardisation Committee
Bleeding Assessment Tool (ISTH-SCC BAT).?* Progression was defined as deterioration of clinical
status leading to requirement of high flow oxygen, or continuous positive airway pressure, or

invasive ventilation. Personal details of patients were not recorded.
Statistical data analysis:

Captured data was entered into a Microsoft Excel | (Microsoft Corp, USA) ® spreadsheet. Statistical
analysis was done with the assistance of a statistician. Descriptive analysis of participants included
use of non-parametric statistics including mean, median and mode. Tests for normality were
conducted using the Kolmogorov-Smirnov test. The Chi-squared test, Mann-Whitney test and
Kruskal-Wallis tests were used to demonstrate any statistically significant differences between

groups.

Data was sorted into contingency tables and Chi-squared analysis and likelihood ratios were used to
assess any significant associations. The strength of these associations was then tested using Cramer’s

V correlation coefficient.
RESULTS

This study included 100 patients. Demographic characteristics and the 5 most common comorbidities
are tabulated in Table 1. Most patients were male (n=56) and the most predominant age group was
>50 years (n=42). African patients accounted for 81% of the study participants. The most common
comorbidity was obesity (n=75), followed by type 2 diabetes mellitus, hypertension, dyslipidaemia,

and HIV.
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Table 1: Demographic features and most common comorbidities

Characteristic Number
Gender
Female 44
Male 56
Race
African 81
Asian 12
Caucasian 6
Mixed 1
Age (years)
<30 8
30-40 27
40-50 23
>50 42
Top 5 comorbidities
Obesity 75
Type 2 diabetes mellitus 46
Hypertension 35
Dyslipidaemia 16
HIV 11

The prophylactic dose group was comprised of 40 patients and the therapeutic group consisted of the

remaining 60 participants. Since dosage types and outcomes were categorical variables, the
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relationships between them were measured using the Chi-squared test. Prior to this, data was
organised into contingency tables to assess the relationship using frequencies. The frequencies of
dosage types and outcomes are illustrated in Figure 1.

Fig 1: Bar graph showing frequencies of outcomes for each
enoxaparin dose group
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Within the prophylactic dose group (n=40): 85% were discharged home, 10% progressed to
ventilation, and 6% demised. Comparatively, findings of the therapeutic dose group were as follows:
78% were discharged, 27% progressed to ventilation, and 22% demised. These findings are depicted
in Figures 2 and 3 below. Regardless of enoxaparin dose, no patients in this cohort experienced any

bleeding events.

Fig 2: Pie chart showing frequencies of outcomes in
prophylactic group (n)
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Fig 3: Pie chart showing frequencies of outcomes in
therapeutic group (n)

<

m Recovery = Progression = Death =

The Chi-square test was used to assess the relationship between different enoxaparin doses and
outcomes. Statistical analysis shows that there is a strong association between prophylactic
enoxaparin and recovery (p-value = 0.001). In addition, there is an association between prophylactic
enoxaparin and disease progression requiring invasive ventilation (p-value = 0.0495). The incidence

of death in the therapeutic group exceeded that of the prophylactic by >50%.
DISCUSSION

Males accounted for most patients included in this study. This is in keeping with current evidence
which states that males are more prone to COVID-19.1 Majority of patients were over the age of 50
years old, supporting current literature which shows that older patients are at greater risk of
developing severe disease.! The predominant racial category was African, reflecting the racial
makeup of South Africa where African people account for approximately 80% of the population.?®
The most common comorbidities found in patients in this study were those associated with
cardiovascular disease and obesity, and these findings are consistent with existing studies of COVID-

19 risk factors.>1!

Poor outcomes in COVID-19 infection are heralded by a florid inflammatory host response and
disruption of normal coagulation, shifting the balance to favour thrombosis.* Consequences include a

progression to ARDS and other thrombotic events, as well as a higher risk of mortality.?
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Studies show that D-dimer levels correlate with disease severity and can be used to predict outcomes
and tailor treatment.! Interestingly, raised admission D-dimer levels did not seem to correlate with
disease outcomes in this cohort. Indeed, the patient with the highest level (45.5mcg/ml) on admission
was successfully discharged from hospital, despite requiring ICU level of care. This contrasts to the
literature, suggesting that other factors may play an important role in morbidity and mortality in
COVID-19. These may include timing of presentation and intervention of care, comorbidities, and

other treatment modalities such as corticosteroids.

International guidelines recommend thromboprophylaxis therapy to mitigate these complications,
prevent progression of disease, avoid need for invasive ventilation in high care/ICU settings, and
improve patient outcomes.'® The ISTH recommends the use of therapeutic enoxaparin in non-
pregnant hospitalised COVID-19 patients with non-critical illness, in the absence of
contraindications.'® Several studies have noted that use of therapeutic heparin correlates with
improved survival in COVID-19 patients who are not critically ill.? They also show that in COVID-
19 patients who are severely ill, therapeutic heparin seems to offer no benefit and instead confers a
risk of harm in the form of bleeding.? In contrast, other literature asserts that bleeding in COVID-19
is rare, even in the setting of abnormal coagulation parameters.*® Our study supports the latter: none

of our patients experienced bleeding even if they received therapeutic anticoagulation.

None of the patients in this study experienced bleeding, suggesting that use of therapeutic enoxaparin
in COVID-19 is safe and does not increase the risk of bleeding in those admitted with mild-moderate
illness. However, this may simply be due to the small sample size of this study. Comparison of other
outcomes when evaluating differences between prophylactic and therapeutic enoxaparin in this study
do not correlate with other similar studies. Where other studies have shown that therapeutic heparin
improves survival and prevents disease progression in select COVID-19 patients when compared to
prophylactic heparin, our study indicates that prophylactic enoxaparin is in fact advantageous over
therapeutic doses in terms of recovery (p-value = 0.001).2 This was unexpected, but may be
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explained by the fact that most of these patients were less than 65 years of age, and thus may have an
inherently lower risk of adverse outcomes due to COVID-19.% Even when these patients did require

escalation of ventilation, they tended to have a higher rate of recovery and hospital discharge.

Our study did show an increased risk of disease progression in the prophylactic group, but this
association is weaker than that of recovery (p-value = 0.0495). Possible explanations include the

following:

e Risk of thrombotic complications in COVID-19 are high even when prophylactic
anticoagulation is administered, highlighting the possible consideration for higher doses in
select cases.

e Data review revealed a lack of body weight measurements of patients, which may indicate
ineffective anticoagulant doses in some patients.

e Other patient factors contributing towards morbidity and mortality, including but not limited
to older age, pre-existing comorbidities, and in-hospital complications such as sepsis.

e Possible lack of high care/ICU facilities, making it difficult to escalate care when indicated
and leading to poorer outcomes.

e Administration of additional therapies such as IL-6 antagonists or colchicine.

Death was more common in the therapeutic group than the prophylactic group. Again, this did not
correlate with existing literature. Analysis of the patients in the therapeutic group who demised

revealed that most were obese and had other comorbidities that may have influenced outcomes.
CONCLUSION

Coagulopathy is common in COVID-19 and is associated with severe disease and mortality.!”18
Anticoagulant therapy in the form of heparin (preferably low-molecular weight) is an integral pillar
of treatment of COVID-19.° Several studies show that therapeutic anticoagulation improves
outcomes in non-critical patients but harmful in patients with severe disease.? In contrast to the
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literature, this study showed that prophylactic enoxaparin to be advantageous over therapeutic in the
treatment of COVID-19 pneumonia of mild-moderate severity. It did, however, support the current
evidence that bleeding is a rare complication of COVID-19.*® Thus, while our study suggests that
use of therapeutic enoxaparin may be safe when treating COVID-19 patients, it may not confer any
advantage over prophylactic doses. We do, however, recognise the limitations of a small and
unicentric population sample and that other therapies (e.g. corticosteroids) may have had unmeasured
impacts on outcomes. Larger and more diverse studies are necessary to tailor guidelines for South
Africa, a resource-limited country with a unique HIV burden, to improve patient outcomes and

optimise resources.
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APPENDIX 3: National Institutes of Health illness severity classification in adults

e Asymptomatic/pre-symptomatic infection
e Mild:
o Mild symptoms but no dyspnoea
o Normal chest radiographs
e Moderate:
o Evidence of pneumonia either on clinical examination or imaging
o Room air oxygen saturation levels > 94% at sea-level
e Severe:
o Respiratory rate > 30 breaths/minute
o Room air oxygen saturation levels < 94% at sea-level
o Atrterial partial pressure of oxygen to fraction of inspired oxygen ratio < 300mmHg
o Chest imaging showing > 50% infiltrates
e Critical:
o Respiratory collapse
o Haemodynamic instability

o Multiorgan failure

REFERENCE: COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19)
Treatment Guidelines. National Institutes of Health. Available at

https://www.covid19treatmentguidelines.nih.gov/. Accessed [21 December 2021].
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