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Background. COVID-19 infection has a variable clinical presentation, with a small subgroup of patients developing severe disease, requiring
intensive care with mechanical ventilation, with an increased mortality rate. South Africa (SA) has experienced multiple waves of this pandemic,
spanning the pre-vaccine and vaccine periods. The method and initiation of treatment is a debated topic, changing according to evolving research
and the literature. The present study investigated the use of high-dose intravenous immunoglobulin (IVIg) as a salvage therapy after initial medical
treatment failure.

Objectives. To compare disease progression among critically ill COVID-19 pneumonia patients receiving IVIg therapy with that in patients
receiving standard of care (SoC), in respect of inflammation, organ dysfunction and oxygenation.

Methods. This was a single-centre, retrospective study of patients admitted to the intensive care unit (ICU) at Chris Hani Baragwanath
Academic Hospital, Johannesburg, SA, during the pre-vaccine COVID-19 pandemic. Demographics, inflammatory markers (C-reactive
protein (CRP)), organ function (Sequential Organ Failure Assessment (SOFA) score), oxygenation (ratio of partial pressure of oxygen in arterial
blood to fraction of inspiratory oxygen (P/F ratio)), overall mortality and complications (nosocomial infections and thromboembolism) were
recorded and compared.

Results. We included 113 eligible patients in the study. The IVIg cohort had a significantly lower initial P/F ratio than the SoC cohort (p=0.01),
but the change in P/F ratio was similar (p=0.54). Initial CRP and changes in CRP were similar in the two groups (p=0.38 and p=0.75, respectively),
as were initial SOFA score and changes in SOFA score (p=0.18 and p=0.08, respectively) and vasopressor dose on day 0 and day 5 (p=0.97 and
p=0.93, respectively). Duration of mechanical ventilation did not differ significantly between the IVIg group and the SoC group (p=0.13). There
were no significant differences in measured complications between the two groups. On univariate analysis, the relative risk of death was 1.6 times
higher (95% confidence interval (CI) 1.1 - 2.3) in the IVIg group; however, a logistical regression model demonstrated that only a higher P/F ratio
(odds ratio (OR) 0.991; 95% CI 0.983 - 0.997) and higher mean airway pressure (OR 1.283; 95% CI 1.026 - 1.604) were significantly associated
with ICU mortality.

Conclusion. Use of IVIg in our study was directed at an older population, with significantly worse oxygenation. We found no evidence of adverse
effects of immunoglobulin therapy; however, we found no benefit either. Only the P/F ratio and mean airway pressure independently predicted
ICU mortality.

Keywords. COVID-19, intravenous immunoglobulin, intensive care unit, Sequential Organ Failure Assessment score, C-reactive protein, P/F
ratio, pneumonia, inflammation.
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Contribution of the study

During the COVID-19 pandemic, treatment protocols changed in response to the evolving literature. Hospitals were faced with choosing
a treatment modality that they believed at the time had benefit. Chris Hani Baragwanath Hospital in Johannesburg, South Africa (SA),
incorporated IVIg into its treatment protocols for patients with severe COVID pneumonia requiring ICU admission. This study retrospectively
analysed the use of IVIg therapy in the hope of creating a more robust understanding of its safety and efficacy as a treatment option for SA
patients in the future.
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COVID-19 is a disease caused by the novel SARS-CoV-2 virus.!
By June 2023 there had been a reported 4 055 656 cases of COVID-19
in South Africa (SA), with 102 595 deaths and over 21 million tests
performed.”’ SA has experienced multiple waves of this pandemic,
spanning the pre-vaccine and vaccine periods.

COVID-19 has a variable clinical presentation, with a small subgroup
of patients developing severe disease, requiring intensive care with
mechanical ventilation, with an increased mortality rate.”’ The method
and initiation of treatment is a debated topic, changing according to
evolving research and the literature. The present study investigated
the use of high-dose intravenous immunoglobulin (IVIg) as a salvage
therapy after initial medical treatment failure.

The SA National Department of Health (NDoH) has stated that there
is insufficient evidence to support inclusion of IVIg in the treatment
guidelines for COVID-19 in SA, and recommends further clinical trials
and research.”! However, Chris Hani Baragwanath Academic Hospital
(CHBAH) in Johannesburg, as well as many other hospitals in SA, used
IVIg as a treatment modality for COVID-19 in the pre-vaccine era. The
findings reported below offer an opportunity to retrospectively analyse
the use of IVIg therapy and create a more robust understanding of its
safety and efficacy as a treatment option for SA patients in the future.

Methods

Study design and setting

This was a single-centre, retrospective, descriptive cohort study of
patients admitted to the intensive care unit (ICU) at CHBAH during the
pre-vaccine COVID-19 pandemic. Based on the local ICU admission
rate, we selected peak periods correlating with the second wave, between
2 December 2020 and 3 February 2021, and the third wave, between
9 June 2021 and 11 August 2021 (both 9 weeks). These peaks correlated
with the NDoH definition of the second and third waves for the City of
Johannesburg Metropolitan Municipality.”! The study compared data
points on day 0 and day 5 of ICU admission.

Participant eligibility criteria

One hundred and thirteen patients were included in the study. Inclusion
criteria were all adults aged >18 years admitted to the CHBAH ICU with
a definitive diagnosis of COVID-19 based on a real-time polymerase
chain reaction test. Patients known to suffer from an immune deficiency
requiring IVIg treatment were excluded.

Study definitions

Severe inflammation was defined as a C-reactive protein (CRP) level
>100 mg/L, as per the hospital COVID-19 management protocol.
Severe acute respiratory distress syndrome was defined as a ratio
of partial pressure of oxygen in arterial blood (PaO,) to fraction of
inspiratory oxygen (FiO,) (P/F ratio) >100 as per the new global
definition of acute respiratory distress syndrome.®!

For convenience, we defined hospital-acquired infections as positive
blood cultures after 48 hours in the hospital and excluded contaminant
organisms, as per the US Centers for Disease Control and Prevention.”

The ROX index was defined as the ratio of oxygen saturation (as
measured by pulse oximetry/FiO,) to respiratory rate. The ROX index
was recorded for patients receiving non-invasive ventilation and/or
high-flow nasal cannula therapy only.

Data collection

Demographic data and other data relating to inflammation, organ
dysfunction, oxygenation and organ support, including but not limited
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to CRP, Sequential Organ Failure Assessment (SOFA) score and P/F
ratio, were collected. In addition, complications such as nosocomial
infections and thromboembolism, need for renal replacement therapy
and overall mortality were reviewed. Data extraction from the ICU
chart was performed for the peaks of the second and third waves
at CHBAH. These patients were divided into two cohorts, namely
patients receiving standard of care (SoC) and those receiving IVIg
in addition to SoC. IVIg was administered at the discretion of the
managing physician in the ICU. All patients were treated according
to the standard operating protocol established by the CHBAH
COVID-19 committee (supplementary file available online at https://
www.samedical.org/file/2288).

Sample size

We chose a sample that included the second and third waves of
COVID-19 infections before the national vaccination programme
commenced. The study included a total of 113 patients, who were
subsequently divided into two cohorts, SoC and IVIg.

Statistical analysis

Raw data were captured on an Excel spreadsheet, Office 365, 2021
(Microsoft Corp., USA). Statistica version 13.3 (TIBCO Software
Inc., USA) was used to analyse the data. Descriptive analysis was
done for the demographics and clinical profiles of the patients. For
dependent variables that were normally distributed, means and
standard deviations were used. Student’s ¢-test was used for normally
distributed variables to compare the means between two groups.
If data were not normally distributed, the Mann-Whitney test was
used. Percentages and proportions were compared using the x* test.
Logistical regression analysis was used to assess for predictors of ICU
mortality. For statistical purposes, a 95% confidence interval (CI) with
p<0.05 was considered significant.

Ethical considerations

Permission to perform the study was granted before data collection
commenced by the head of the Department of Internal Medicine, the
Medical Advisory Committee and hospital management at CHBAH,
as well as by the Human Research Ethics Committee (Medical) at the
University of the Witwatersrand (ref. no. HREC M230305, National
Research Database ref. no. GP 202302 024).

Outcomes

The primary objective was to describe and compare disease progression
among critically ill patients receiving IVIg therapy with that in patients
receiving SoC during the pre-vaccine phase of the COVID-19 pandemicin
respect of inflammation, organ dysfunction and oxygenation. Secondary
objectives included comparison of organ support requirements, clinical
outcomes, complications and mortality in the ICU. We evaluated the use
of renal replacement therapy as a component of the complications of
IVIg therapy and not in the usual role of organ support.

Results

We included 113 eligible patients in the study (study flow is shown in
Fig. 1). Baseline demographics are set out in Table 1. At baseline, the
IVIg cohort had a significantly lower PaO, and P/F ratio, and a higher
alveolar-arterial oxygen gradient and respiratory rate, than the SoC
cohort (Tables 2 and 3). Both cohorts had elevated D-dimer levels. We
did not find a significant difference in D-dimer levels between the two
cohorts (Table 2).
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Fig. 1. Enrolment flow diagram. (IVIg = intravenous immunoglobulin; SoC = standard of care.)

Table 1. Baseline demographics (N=113 patients)

Variable All, n (%)* IVIg, n (%)" SoC, n (%)* p-value
Age (years), median (IQR), n 49 (37 - 57), 113 53.5 (45 - 59), 50 44 (35 - 54), 63 0.001*
Weight (kg), median (IQR), n 90 (80 - 100), 111 90 (80 - 100), 49 85 (80 - 100), 62 0.21
Female 54/113 (47.8) 34/50 (68.0) 20/63 (31.7) 0.23
Comorbidities*
Hypertension 47/113 (41.6) 26/50 (52.0) 21/63 (33.3) 0.08
Diabetes mellitus 26/113 (23.0) 15/50 (30.0) 11/63 (17.4) 0.16
Obesity® 25/113 (22.1) 8/50 (16.0) 17/63 (27.0) 0.13
HIV 9/113 (8.0) 2/50 (4.0) 7/63 (11.1) 0.15
Other?® 14/113 (12.4) 4/50 (8.0) 10/63 (15.9) 0.18

1VIg = intravenous immunoglobulin; SoC = standard of care; IQR = interquartile range.
*Significant (p<0.05).

"Except where otherwise indicated.

*Some patients had more than one comorbidity.

‘Body mass index >30 kg/m’.

‘Graves’ disease, schizophrenia, acute myeloid leukaemia, epilepsy, ischaemic heart disease, asthma and chronic kidney disease.

Primary objective: Disease progression

Although higher, the initial median CRP level was not significantly higher
in the IVIg cohort compared with the SoC cohort. The decline in CRP
between days 0 and 5 was significant for the SoC cohort (p=0.01) and
the IVIg cohort (p=0.000); however, there was no significant difference
between the two groups (Table 3). The median P/F ratio was significantly
lower in the IVIg cohort compared with the SoC cohort on days 0 and 5
(Table 3). Additionally, P/F ratios in the IVIg and SoC cohorts increased
significantly between day 0 and day 5 (p=0.038 and p=0.035, respectively),
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but there was no significant difference between the two groups in the
variable change (p=0.54) (Table 3). The median SOFA score was not
significantly different between the groups at baseline or on day 5, and we
found no difference in the variable change (Table 3).

Secondary objectives

Organ support requirements and clinical outcomes

The median vasopressor dose, lactate level and mean arterial pressure on
admission and on day 5 were similar between the two groups (Table 4).
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Table 2. Baseline clinical characteristics (N=113 patients)
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Variable All, median (IQR), n IVIg, median (IQR), n SoC, median (IQR), n p-value
Respiratory
PaO, (mmHg) 71.3 (57.4 - 93), 108 67 (55.2 - 76.3), 49 79.4 (60 - 108), 59 0.004*
PaCO, (mmHg) 37.8 (33 - 45), 111 35 (32.3 - 47.2), 49 39.7 (34.3 - 43.9), 62 0.28
RR (breaths per minute) 33 (25 - 40), 113 34.5 (28 - 42), 50 29 (22 - 38), 63 0.03
ROX index 3.8(2.7-49),71 3.45 (2.7 - 4.5), 40 3.9 (2.6 - 6.5), 31 0.30
PEEP (cmHzO) 10 (8 - 10), 80 10 (8 - 10), 34 10 (8 - 10), 46 0.59
Mean airway pressure (cmH,0) 12 (8.6 - 15), 79 11 (8 - 15), 34 12 (10 - 14), 45 0.42
AaDO, (mmHg) 347 (207 - 432), 106 393 (284 - 443), 48 313 (149 - 421), 58 0.017*
Haemodynamics
Worst MAP (mmHg) 95 (82 - 108), 54 100 (89 - 111), 29 93 (79 - 103), 25 0.37
Inflammatory/coagulation
WCC (x 10°/L) 12.1 (8.8 - 16.2), 112 11.5 (7.7 - 15.3), 50 12.8 (9,1 - 16,9), 62 0.21
D-dimer (mg/L) 2.1 (0.8 - 8.6), 96 1.7 (0.7 - 4.9), 45 3.3 (0.9 - 15.7), 51 0.11
Renal
Urea (mmol/L) 8 (5-10), 112 7 (5 - 10), 50 8 (5 - 10), 62 0.99
Creatinine (umol/L) 81 (64 - 109), 112 80 (60 - 101), 50 82 (65 - 123), 62 0.26

IQR = interquartile range; IVIg = intravenous immunoglobulin; SoC = standard of care; PaO, = partial pressure of oxygen in arterial blood; PaCO, = partial pressure of carbon dioxide in
arterial blood; RR = respiratory rate; ROX = ratio of oxygen saturation (as measured by pulse oximetry/fraction of inspiratory oxygen) to respiratory rate; PEEP = positive end-expiratory
pressure; AaDO, = alveolar-arterial oxygen gradient; MAP = mean arterial pressure; WCC = white cell count.

*Significant (p<0.05).

Table 3. Progression of inflammation, organ function and oxygenation

Variable All, median (IQR), n IVIg, median (IQR), n SoC, median (IQR), n p-value
CRP (mg/L)
DO 155 (66 - 236), 107 172 (87 - 244), 48 144 (59 - 229), 59 0.38
D5 71 (32 - 147), 96 70 (29 - 140), 48 73 (38 - 154), 48 0.68
Variable change DO - D5 77 (3 - 161), 89 72 (4 - 151), 45 81 (3 - 176), 44 0.75
SOFA score
DO 4(2-6.5), 112 4(2-6),50 4(2-7),62 0.18
D5 4(2-7),98 4(2-6),48 4(2-7),50 0.87
Variable change DO - D5 0(0-2),61 0(0-1),27 0.5 (0 - 2.5), 34 0.08
P/F ratio
DO 95 (68 - 144), 107 85 (61 - 102), 49 112 (69 - 175), 58 0.016*
D5 115 (81 - 157), 95 97 (74 - 133), 47 134 (101 - 222), 48 0.002*
Variable change DO - D5 18 (-13 - 50), 95 8 (17 - 39), 47 27 (=12 - 60), 48 0.54

IQR = interquartile range; IVIg = intravenous immunoglobulin; SoC = standard of care; CRP = C-reactive protein; D0 = day 0; D5 = day 5; SOFA = Sequential Organ Failure Assessment;

P/F = partial pressure of oxygen in arterial blood/fraction of inspiratory oxygen.
*Significant (p<0.05).

Clinical complications and mortality

No significant differences in renal, thrombotic/embolic or bleeding
complications were noted between the two groups (Table 5). In addition,
there were no significant differences in hospital-acquired infections
between the groups, and the distribution of Gram-negative pathogens
v. all other pathogens in the IVIg group was similar to that in the SoC
group (Fig. 2 and Table 5).

Length of ICU stay and mortality
The median length of ICU stay in the IVIg group was significantly
longer at 10 (interquartile range (IQR) 6 - 13) days compared with 6
(6 - 10) days for the SoC group (p=0.000).

On univariate analysis, the relative risk of death was 1.6 times
higher (95% CI 1.1 - 2.3) in the IVIg group compared with the SoC
group. This increased risk was driven by the group requiring invasive
mechanical ventilation (Table 5).

We built a regression model assessing demographic factors,
oxygenation and ventilation, inflammatory markers, renal and
metabolic parameters, and immunoglobulin and pulse-dose steroid

therapy. All patients received standard-dose dexamethasone
treatment. Eight factors with p<0.2 were entered into the final
prediction model.

The final logistical regression model identified two independent
predictors of ICU mortality. A higher P/F ratio was associated with
decreased mortality (odds ratio (OR) 0.991; 95% CI 0.983 - 0.997), while
higher mean airway pressure was associated with increased mortality
(OR 1.283; 95% CI 1.026 - 1.604).

Discussion

The main finding was that despite a significantly lower P/F ratio in the
IVIg cohort, the increase in the P/F ratio over time was similar in both
cohorts. The lower baseline P/F ratio may be due to greater severity of
disease and older age in the IVIg group compared with the SoC group.
Our data demonstrate older age and possibly a higher prevalence of
hypertension in the IVIg group. The median (IQR) P/F ratio for the IVIg
group was 85 (61 - 102) at admission. Our patients were more hypoxaemic
at baseline compared with those in other studies. Esen et al.”) reported
a higher P/F ratio of 110 (83 - 151), Shao et al."” a P/F ratio of 215
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Table 4. Organ support requirements

Variable All, median (IQR), n IVIg, median (IQR), n SoC, median (IQR), n p-value
Maximum ionotropic dose (pg/kg/min)
DO 0.21 (0.1 - 0.45), 20 0.22 (0.1 - 0.4), 6 0.21 (0.1 - 0.5), 14 0.97
D5 0.1 (0.07 - 0.4), 18 0.12 (0.07 - 0.3), 9 0.1 (0.1 -0.5),9 0.93
MAP (mmHg)
Do 95 (82 - 108), 54 100 (89 - 111) 29 93 (79 - 103), 25 0.37
D5 103 (80 - 112), 99 104 (79 - 112), 48 102 (80 - 111), 51 1.00
Lactate (mmol/L)
Do 2.2 (1.6 - 3.4),110 2.05 (1.6 - 3.1), 50 2.25 (1.7 - 3.4), 60 0.37
D5 2.5 (2.0 - 3.2), 97 2.5 (2.0 - 3.0), 47 2.85 (1.8 - 3.5), 50 0.60
Mechanical ventilation (days) 2.0 (0-8),113 4.5 (0 - 10), 50 2.0 (0 -5),63 0.13
IQR = interquartile range; IVIg = intravenous immunoglobulin; SoC = standard of care; DO = day 0; D5 = day 5; MAP = mean arterial pressure.
Table 5. Clinical complications and mortality
Event IVIg, n (%) SoC, n (%) X p-value
Hospital-acquired infection 0.33 0.56
Yes 12 (41) 7(33)
No 17 (59) 14 (67)
Gram-negative bacteria v. other organisms 0.01 0.92
Gram-negative 20 (80) 11 (79)
Other 5(20) 3(21)
Pulmonary embolism 0.15 0.7
Yes 5(10) 5(8)
No 45 (90) 58 (92)
Significant bleeding 0.04 0.85
Yes 2 (4) 3(5)
No 48 (96) 60 (95)
Renal replacement therapy 2.66 0.1
Yes 8 (17) 4(7)
No 38 (83) 53 (93)
Mortality in ICU
Invasive mechanical ventilation (n=72) 7.55 0.006*
Died 30 (77) 15 (45)
Alive 9 (23) 18 (55)
Non-invasive ventilation/high-flow nasal cannula (n=40) 0.56 0.62
Died 1(6) 3(13)
Alive 16 (94) 20 (87)

1VIg = intravenous immunoglobulin; SoC = standard of care; ICU = intensive care unit.
*Significant (p<0.05).

(153 - 277), and Mazeraud et al.'" a P/F ratio of 125 (96 - 155). Sakoulas
et al." also found an increase in P/F ratio over time (admission to day
7), and although they did not provide the exact P/F ratios, 7/10 values
were >100, with a range of 80 - 200. It is very possible that IVIg use in the
abovementioned studies was based on the severity of hypoxaemia and an
apparent inadequate response to standard care.

Although CRP levels improved significantly between day 0 and
day 5 in both our cohorts, the improvements were not statistically
significant between the cohorts. CRP levels for other studies in which
patients received IVIg for COVID-19 pneumonia ranged from 34 to
164 mg/L.*3) In keeping with a greater severity of hypoxaemia, our
IVIg group also had a greater severity of inflammation using CRP as a
surrogate when compared with other studies reported in the literature.
We did not demonstrate any significant differences in the inflammatory
profiles between the groups. While we have used CRP to describe the
inflammatory profile and progression of these patients, we have not used
these changes to imply any clinical benefit.

The vasopressor dose, lactate level and mean arterial pressure on
admission and on day 5 were similar between the two groups and
highlight an equivocal requirement for cardiovascular support. Organ
function as assessed by the SOFA score was also similar in both groups.
In our study, the median SOFA score was 4. Esen et al.”) reported a
median (IQR) SOFA score of 5.0 (2.5 - 7.5), Liu et al.' a score of
3 (2 - 4), Shao et al.'" a score of 2 (2 - 4), Mazeraud et al.'V a score of
6 (4-8),and Ali et al.™ a score of 2 (1 - 4). The large variation in SOFA
scores highlights the heterogeneity in the use of IVIg.

Although D-dimer levels were elevated in both our groups, we did
not demonstrate a significant difference between the two. According to a
recent meta-analysis, Varikasuvu et al.™” found that an elevated baseline
D-dimer level was associated with disease progression and mortality.
It is possible that our small sample size may be a limiting factor.

Regarding mechanical ventilation and length of ICU stay, we
were only able to find comparative data on the length of stay.
The IVIg group had a significantly longer length of stay than the
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Fig. 2. Bar graph showing rates of nosocomial infections as confirmed by blood culture in the IVIg and
SoC cohorts (total infections: IVIg n=25/50, SoC n=14/63). (IVIg = intravenous immunoglobulin; SoC =

standard of care.)

SoC group, in keeping with greater severity
of disease. Shao et al.l'” also demonstrated
longer length of stay in their group receiving
IVIg in comparison with the SoC group. It is
noteworthy that their group receiving IVIg
was also more hypoxaemic than the SoC
group, not dissimilar to our data. In contrast
to our findings, Sakoulas et al.? found a
shorter length of stay in their IVIg group
compared with the SoC group. Differences
in patient characteristics and disease severity
may explain these variations.

We found higher mortality in the IVIg
group among patients who required invasive
mechanical ventilation. There was also a trend
to a longer duration of mechanical ventilation
in the IVIg group (4.5 v. 2 days). The greater
level of hypoxaemia and higher respiratory
rate are reflective of more severe pulmonary
pathology in keeping with these findings.

Given the known side-effects of IVIg,
we compared renal, thromboembolic and
infectious complications between the IVIg and
SoC groups. We found no significant difference
in complications between the groups. This is in
keeping with other studies.*!*

Our study showed higher ICU mortality
in the IVIg group compared with the SoC
group (56% v. 32%); however, only a lower
P/F ratio and higher mean airway pressure
were independent predictors of mortality. This
finding emphasises severity of pulmonary
disease as the possible trigger for IVIg
initiation. In contrast to our findings, Shao
et al' found an overall mortality rate of

36% in their IVIg group compared with 15%
in the group receiving routine care. After
correcting for confounders, they were able
to demonstrate an improvement in mortality
in the IVIg group. A meta-analysis of 2 313
patients failed to show a mortality benefit with
the use of IVIg.l"

Study limitations

This was a small, retrospective single-centre
study with implicit limitations including the
ability to control for biases; however, a main
objective was to describe changes in disease
progression. The study did not document
the time from symptom onset to admission,
resulting in uncertainty with regard to the
stage of disease progression at admission. The
use of IVIg was not standardised to a specific
protocol, and the decision to use IVIg was
therefore individualised to the patient and the
treating physician. It was largely determined
by disease progression, and the most severely
affected patients were most likely to receive
IVIg. CRP was the only marker used for
inflammation, and other markers such as
interleukin 6, tumour necrosis factor alpha and
procalcitonin were not used owing to budget
constraints. Furthermore, immunoglobulin
levels were not measured. This measurement
has been shown to benefit certain population
subsets.

Conclusion
Use of IVIg in our study was directed at an
older population, with significantly worse
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oxygenation. We found no evidence of adverse
effects of immunoglobulin therapy; however,
we found no benefit either. Only P/F ratio
and mean airway pressure independently
predicted ICU mortality.
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