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Summary

Background—Influenza causes significant morbidity and mortality despite currently available 

treatments. Although prior studies suggest that anti-influenza immune plasma may provide benefit, 

those earlier studies were not designed as definitive trials. We aimed to prospectively evaluate the 

clinical efficacy of high-titre immune plasma in severe influenza A.

Methods—We conducted a randomised, blinded, controlled, phase 3 trial at 31 U.S. medical 

centres to assess the efficacy of high-titre anti-influenza plasma with hemagglutination inhibition 

(HAI) antibody titres of ≥ 1:80 compared to low titre plasma (HAI ≤ 1:10). Hospitalized children 

and adults with severe influenza A were randomly assigned (2:1) to receive either 2 units high-titre 

plasma or low-titre control plasma (or paediatric equivalent) and followed for 28 days. High-titre 

and low titre plasma had the same appearance. Randomization was stratified by severity (in the 

intensive care unit (ICU), non-ICU hospitalization requiring supplemental oxygen, or non-ICU 

hospitalization not requiring supplemental oxygen) and age (< 18 years of age, ≥ 18 years of age). 

The primary endpoint was clinical status as assessed by a 6-point ordinal scale (death, in the ICU, 

non-ICU hospitalization requiring supplemental oxygen, non-ICU hospitalization not requiring 

supplemental oxygen, not hospitalized but unable to resume normal activity, not hospitalized with 

full resumption of normal activity) on Day 7 assessed in a proportional odds model. The primary 

analysis used a modified intention-to-treat approach, excluding two participants who did not 

receive plasma. This study is registered with Clinicaltrials.gov number:

Findings—The study was conducted between January 2016, and May 2018. Of 200 participants 

enrolled, 140 met criteria for randomization. This was a relatively ill cohort, with 43% of 

participants enrolled in the ICU and 70% of the non-ICU patients requiring oxygen. 93% of 

planned plasma infusions were completed. The study was terminated in July 2018 when 

independent efficacy analysis revealed low conditional power to show an effect of high-titre 

plasma even if full accrual (target 150 participants) was achieved. The proportional odds ratio for 

improved clinical status on Day 7 was 1.22 (95% CI [0.65, 2.29], p=0.54). Forty-seven of 138 

(38%) participants experienced a total of 88 SAEs – 32 participants (35%) with 60 SAEs in the 

high-titre arm, and 15 participants (32%) with 28 SAEs in the low-titre arm. The most common 

SAEs were for ARDS (affecting 4 participants (4%) vs 2 (4%)), allergic transfusion reactions (2 
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(2%) vs 2 (4%)), and respiratory distress (3 (3%) vs 0 (0%)). Sixty-five of 138 (47%) participants 

experienced a total of 183 adverse events - 42 participants (46%) with 126 adverse events in the 

high-titre arm, and 23 participants (49%) with 57 adverse events in the low-titre arm. The most 

common AEs were anaemia (affecting 4 participants (3%) vs (2 (4%)) and ARDS (4 (3%) vs 3 

(5%)).

Interpretation—Despite encouraging results from prior studies, high-titre anti-influenza plasma 

conferred no statistically significant benefit over non-immune plasma. While this study did not 

have the precision to rule out a small effect that might be clinically relevant, the benefit is 

insufficient to justify the use of immune plasma for treating patients with severe influenza A.

Introduction

Seasonal and pandemic influenza remains a global health threat. One potential therapeutic 

approach that is frequently utilized, especially during pandemics or following the emergence 

of novel influenza subtypes, is the use of high-titre anti-influenza immune plasma derived 

either from convalescent or recently immunized individuals. Preclinical animal models have 

demonstrated the therapeutic efficacy of both polyclonal F(ab) fragments or polyclonal 

convalescent plasma. 1,2 A meta-analysis of reports from the 1918 influenza A/H1N1 

pandemic concluded that early administration of convalescent blood products reduced the 

absolute risk of death from pneumonia by 21% from 37% to 16% (95% CI 15–27%).3 

Following the re-emergence of H1N1 influenza in 2009, a cohort study was conducted 

evaluating the use of convalescent plasma for severe influenza A/H1N1/pdm09 infection. All 

participants were offered immune plasma, with a neutralizing antibody titre of >1:160. 

Twenty participants accepted the intervention, leaving 73 participants who did not accept the 

plasma as a contemporaneous control group. Mortality was 20.0% for those receiving high-

titre immune plasma compared to 54.8% in those that received standard care alone (p=.01).4 

However, the control arm mortality was significantly higher than anticipated for a similar 

severity of illness.5,6

We previously conducted a randomised, phase 2 study in which participants with influenza 

A or B that had severe disease (defined as having hypoxia or tachypnoea) were assigned to 

receive either two units of immune plasma plus standard care versus standard care alone.7 

While the study did not demonstrate clear benefit in the primary endpoint of normalization 

of respiratory status by Day 28 (67% vs 53%, p = 0.069), multiple secondary endpoints were 

suggestive of efficacy, including fewer days in the hospital (median 6 vs. 11, p= 0.13), fewer 

participants admitted to the ICU (57% vs. 69%, p = 0.097), fewer days on mechanical 

ventilation (median 0 vs. 3, p=0.14), and better clinical status at Day 7 (clinical status 

assessed as death, in ICU, hospitalized on oxygen, hospitalized not on oxygen, not 

hospitalized but not returned to normal activities, or not hospitalized and returned to normal 

activities) (p=0.020). There were differences in baseline characteristics of the study groups 

that potentially contributed to these perceived benefits, and there was asymmetrical 

participant loss to follow up possibly due to the unblinded study design. However, the 

totality of these suggestive results supported development of the current phase 3 study of 

high-titre plasma for severe hospitalized influenza in order to address this question more 
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definitively. The hypothesis was that treatment with high-titre immune plasma in addition to 

standard antiviral therapy would improve clinical outcomes in those with severe influenza.

Methods

Study Design

This was a randomised, double-blinded, multi-centre phase 3 trial initially designed to be 

conducted at 41 large medical centres in the United States. All study participants provided 

written informed consent. The study protocol (protocol document submitted to https://

clinicaltrials.gov/ct2/show/NCT02572817) was approved by the institutional review board at 

each study site. The study planned to randomize a total of 150 eligible participants 

hospitalized with influenza A in a 2:1 ratio to receive either two units of high-titre anti-

influenza plasma or a similar volume of control (low-titre) plasma. Paediatric participants < 

56 kg received 8 mL/kg of assigned study plasma, not to exceed two units of plasma. This 

study is registered with Clinicaltrials.gov number: .

Participants

Participants of all ages, including children two weeks or older and pregnant women, 

hospitalized with influenza A (diagnosed locally by rapid antigen or polymerase chain 

reaction (PCR) tests) who had a National Early Warning (NEW)8 score ≥ 3 (or Paediatric 

Early Warning (PEW)9 ≥ 3 for children) with the onset of illness ≤ 6 days before 

randomization, were eligible for randomization. Exclusion criteria include treatment with 

other investigational anti-influenza agents, history of allergic reaction to blood or plasma 

products, medical conditions that increased risk for thrombosis, and medical conditions that 

could not tolerate a 450–700 mL infusion of plasma.

Participants with influenza B were excluded. In our previous plasma study (IRC002)7, the 

plasma-treated arm had minimal increase in HAI titres. As an increase in HAI was central to 

proposed treatment effect, it was thought inappropriate to enrol participants with influenza B 

into this study.

Randomization and masking

Randomization occurred by an online computer-generated randomization system. 

Randomization was stratified by severity (in the ICU, non-ICU hospitalization requiring 

supplemental oxygen, or non-ICU hospitalization not requiring supplemental oxygen), and 

age category (child (< 18 years of age) or adult (≥ 18 years of age)). High-titre and low titre 

plasma had the same appearance, having a standard International Society of Blood 

Transfusion (ISBT-128) plasma label with a modified product quadrant reflecting the 

investigational new drug (IND) status of the plasma. The randomization system noted the 

specific plasma unit number (donation identification number) to administer to a participant. 

No identifiers on the label would discern high-titre and low titre units. All participants, site 

staff, and the study team were masked to treatment allocation, and remained blinded until 

after final database lock.
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Study Plasma

All high titre units were required to have a HAI titre of at least 1:80 towards the seasonal 

vaccine strain of H1N1 and H3N2 (specific strains varied by year). These control plasma 

units were required to have a HAI of ≤ 1:10. The study plasma was obtained from three large 

regional blood collection centres in Iowa, Minnesota, and Texas, and all units of plasma met 

standard release criteria and had prespecified hemagglutination inhibition (HAI) titre(s) 

measured by one central laboratory. See supplement for methods on HAI assay. Units were 

collected prior to and during a given influenza season, and sent to a central repository from 

which sites were supplied with plasma units. Units not used within one year of collection 

were destroyed.

Procedures

Participants were assessed on Day 0 (baseline) and on Days 1, 2, 3, 7, 14, and 28. For 

participants who were not hospitalized on Days 2, 14, and 28, contact could be performed by 

telephone. Blood samples were collected on Days 0, 1, 3, and 7. Oropharyngeal (OP) swabs 

for influenza PCR were obtained on Days 0 and 3. Given the limited utility of virology in 

the prior plasma study7, and the FDA position that the relation of viral shedding in relation 

to clinical outcomes is not well standardized10, additional virologic assessment was not 

included.

For RT-PCR, RNA isolated from oral swabs were used to determine positive for influenza A 

and further subtype to H1 and H3 as previously described. 11,12 The amount of influenza A 

viral RNA copies was determined by quantitative real-time PCR using in vitro generated 

influenza A viral RNA as the reference standard.

For hemagglutination inhibition (HAI), sera samples were treated with RDE (Denka Seiken) 

and hem-adsorbed before use in the HAI testing. Serial 2-fold dilution of the RDE and hem-

adsorbed treated samples were prepared in V-bottom 96 well plates to which a fixed amount 

of influenza virus (4 HA units) was added and mixed. An equal volume of 0.5% turkey 

RBCs (Lampire Biological) suspension was added and plates were incubated for about one 

hour until HA activity was observed in virus control. The plates were tilted to read and the 

HAI titer was reported as the last dilution of sera with no hemagglutination activity. 13

Outcomes

In the prior anti-influenza plasma study7, the endpoint of resolution of hypoxia and 

tachypnoea had moderate variability, with 15% of the plasma arm meeting the endpoint after 

randomization and before plasma administration. Therefore, in this study, the primary 

outcome was chosen as the participants clinical status at Day 7, as measured by a 6-point 

ordinal scale: death, in the intensive care unit, not in the intensive care unit but requiring 

supplemental oxygen, not in the intensive care unit and not requiring supplemental oxygen, 

not hospitalized but unable to resume normal activities, and not hospitalized with full 

resumption of normal activities.

Secondary outcomes that were measured include ordinal outcome assessed at Days 1, 2, 3, 

7, 14, and 28; duration of hospitalization; mortality; NEW score at Day 0, 3, and 7; 

Beigel et al. Page 5

Lancet Respir Med. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



incidence and duration of supplemental oxygen; incidence and duration of intensive care (if 

applicable); incidence and duration of mechanical ventilation (if applicable); incidence and 

duration of acute respiratory distress syndrome (if applicable); incidence and duration of 

ECMO (if applicable); SOFA score for age ≥18 years and PELOD score for age <18 years 

on Days 0, 3, and 7; disposition (home, rehabilitation, chronic nursing facility) following the 

initial hospitalization; quantitative PCR for influenza in oral swab on Day 0 and 3; grade 3 

and 4 adverse events, and serious adverse events.

Statistical Analysis

The sample size was calculated based on a proportional odds ratio comparing high titre to 

low titre of 2.5. Details of the sample size justification are provided in the supplemental 

appendix. All participants were required to receive standard care antiviral treatment.

All results are presented using a modified intention-to-treat (mITT) approach, excluding two 

participants who did not receive plasma. A proportional odds model was used to compare 

the primary endpoint between treatments; this gives a proportional odds ratio (POR) as the 

measure of effect comparing high titre to low titre plasma administration. In a secondary 

analysis, this model was extended to include the repeated assessments at days 1, 2, 3, 7, 14 

and 28, and fitted using the generalized estimating equations method (GEE) with robust 

standard errors. We assessed the treatment effect in this model based on the interaction of 

study day and treatment. Adverse event data were coded using MedDRA. Analysis was 

performed in SAS 9.4 (SAS Institute, Cary, NS, USA).

Data and Safety Monitoring Board (DSMB)

DSMB reviews of the IRC005 data occurred after each influenza season, and included 

information on study conduct, safety, and the primary efficacy endpoint. At the first two 

reviews, the Board determined that no safety concerns were identified and recommended 

that the study continue as designed. By the time of the third review, 140 participants had 

been randomised. As the accrual goal of 150 participants randomised had not quite been 

achieved, the DSMB reviewed the possibility of continuing the study into the next influenza 

season with a modest increase in sample size versus discontinuing the study at that time. The 

DSMB recommended stopping the study due to low conditional power to show a positive 

treatment effect of high titre plasma even with a modest sample size increase to the original 

accrual goal.

Role of Funding Source

Employees of the sponsor of the study were involved with study design, analysis, data 

interpretation, and the writing of the report. The sponsor had no role in data collection and 

did not have access to the raw data prior to database lock. The corresponding author had full 

access to all the data in the study and had final responsibility for the decision to submit for 

publication.
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Results

Between January 26, 2016 and April 19, 2018, a total of 200 participants (177 adults and 23 

children) were enrolled in the study. Sixty participants were excluded prior to 

randomization: 21 (35%) did not have a positive test for influenza at the site, 20 (33%) had 

blood types for which ABO matched plasma was not available, 6 had a NEW score of < 3, 2 

withdrew consent, and 11 did not qualify for other reasons (no more than 2 participants per 

reason). 31 of the 41 participating sites enrolled at least one participant into the trial.

One hundred forty participants were randomised (92 to receive high-titre plasma, 48 to 

receive low-titre plasma). Two participants were excluded from all analyses because they did 

not receive any plasma, and therefore the mITT population for analysis was 138 participants. 

The median age of the randomised participants was 60.5 years (range 5 months to 93 years). 

Thirteen children and one pregnant woman were randomised (Table 1). Participants had a 

median of 3 days of illness prior to enrolment, and 108 (78%) had received antivirals prior to 

randomization.

At baseline, 60 (43%) of participants were in the ICU, and 55 of 78 (71%) of those not in the 

ICU required oxygen. For adults, the median NEW score was 5, and the median Sequential 

Organ Failure Assessment (SOFA)14 score was 3. For children, the median PEW score was 

8, and median Paediatric Logistic Organ Dysfunction (PELOD)15 score was 0.5. These 

baseline characteristics were not notably different between the two treatment arms.

One hundred twenty-nine of 138 (93%) of participants randomised to the plasma received 

the full planned treatment (87 or 91 (96%) for high-titre and 42 of 47 (89%) for low-titre). 

The plasma infusion was started in a median of 2.2 hours following randomization. The 

infused plasma for the high-titre arm had a median HAI to H1N1 of 1:160–1:320 (depending 

on tested strain), and 1:160–1:640 for H3N2. All of the low titre plasma units had a HAI to 

both strains of 1:10 or lower. During the study, 129 of 138 (93%) of participants had 

documented concomitant antiviral use, primarily oseltamivir (Supplemental Table 3).

The clinical status on Day 7 as measured on a 6-step ordinal scale is presented in Table 2. A 

total of 50 participants (55%) receiving high-titre plasma were no longer hospitalized, 

compared to 22 (47%) of those receiving low-titre plasma. From the proportional odds 

model applied to the ordinal scale, the proportional odds ratio (POR) was 1.22 (95% CI 

[0.65, 2.29], p=0.54). Sensitivity analysis using the last observation carried forward for the 

one participant with a missing status at Day 7, and comprising all randomised participants 

which included the two who did not receive study plasma, show similar results to the 

primary analysis (POR 1.25 and 1.22 respectively).

The POR for the primary ordinal outcome was determined for patients divided into 

subgroups according to characteristics at study entry (Table 3). Findings for most subgroups, 

including duration of symptoms prior to treatment, were consistent with the overall findings. 

The more severe population (as demonstrated by either ICU care, or higher NEW/PEW 

score) have slightly higher POR, but the p-value for interactions suggest these subgroup 

differences are not statistically significant. The POR was larger for H1N1 than H3N2, 

though neither of these subgroups are statistically significant.

Beigel et al. Page 7

Lancet Respir Med. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Evaluating the clinical status by day demonstrated a POR slightly less than 1 on Day 1 & 2 

(POR 0.86 and 0.95 respectively), and then above 1 with the POR at Day 28 similar to the 

Day 7 findings (Table 4). There was no significant benefit of high titre plasma on any of the 

study days evaluated, or in the repeated assessments analysis over time.

Other measures of clinical support were also evaluated, including duration of initial 

hospitalization, duration of initial ICU admission (among those in the ICU at 

randomization), and duration of mechanical ventilation (among those on mechanical 

ventilation at randomization). While there were smaller durations for many of these 

parameters among those receiving high-titre plasma, none of these were statistically 

significant. (Table 5)

Day 3 OP swabs were obtained from 125 of 138 participants. Twenty (24%) of those in the 

high-titre arm had undetectable virus on Day 3 compared to 5 of 47 (13%) who received 

low-titre plasma (OR 0.47 [0.13, 1.43], p=0.23; Supplemental Table 2).

The HAI titre achieved by infused plasma cannot be determined separately from the 

participant’s pre-existing immunity and immune response. For H1N1 2009, which was a 

strain in circulation throughout the study, the geometric mean HAI titre in participants at 

baseline was 1:26.7 vs. 1:19.4 (high-titre versus low-titre), 1:46.9 vs. 1:19.7 at Day 1, and by 

Day 7 it was 1:63.1 vs. 1:37.1 (Figure 2A). Similar results were seen for H3N2 titres 

(Figures 2B and 2C).

Ten participants died during the study: 6 of 91 (7%) in the high-titre arm, compared to 4 of 

47 (9%) among participants randomised to low-titre plasma (p = 0.73). The most common 

cause of death was worsening of the ARDS (4 participants, 2 in each arm). Three additional 

participants were known to have died shortly after they had completed study participation 

(Day 28 visit), two in the high-titre arm and one in the low-titre arm. Although these deaths 

occurred after the final study visit, their information was recorded through the serious 

adverse event (SAE) reporting system.

Forty-seven of 138 (38%) participants experienced a total of 88 SAEs – 32 participants 

(35%) with 60 SAEs in the high-titre arm, and 15 participants (32%) with 28 SAEs in the 

low-titre arm. The most common SAEs were for ARDS (affecting 4 participants (4%) vs 2 

(4%)), allergic transfusion reactions (2 (2%) vs 2 (4%)), and respiratory distress (3 (3%) vs 0 

(0%)). All other SAEs occurred in 2 or fewer participants (Supplemental Table 4). Given the 

severity of the underlying illness, the protocol required reporting of all grade 3 or grade 4 

AEs, and all SAEs, as well as any AE leading to plasma discontinuation (regardless of 

grade). Sixty-five of 138 (47%) participants experienced a total of 183 adverse events 

(capturing only grade 3 or grade 4 AEs, and any AE leading to plasma discontinuation 

regardless of grade) - 42 participants (46%) with 126 adverse events in the high-titre arm, 

and 23 participants (49%) with 57 adverse events in the low-titre arm. The most common 

AEs were anaemia (affecting 4 participants (3%) vs (2 (4%)) and ARDS (4 (3%) vs 3 (5%)). 

All other AEs occurred in less than 2% of the population. (Supplemental Table 5).
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Discussion

Over the past 100 years, polyclonal antibody-based therapeutics have often been considered 

for use in treating severe infectious diseases for which few other therapeutic options were 

available. In the setting of a rapidly spreading epidemic, convalescent plasma therapy can be 

generated rapidly and used to provide specific passive immunity against a particular 

pathogen, while a more conventional response is implemented, if available. This approach 

has been used with influenza when clinicians have recognized severe disease, from the 

emergence of H1N1 in 19183, to avian H5N1 in 2006 16, pandemic H1N1 in 2009,4 and 

H7N9 in 2015.17 Despite the frequent invocation of this therapeutic strategy, no studies have 

been adequately designed to assess the efficacy of plasma treatment in severe influenza. 

Even our previous randomised trial with high-titre immune plasma in severe influenza7, 

while suggestive of benefit, was limited by the unblinded study design. This trial failed to 

meet its primary endpoint, demonstrating that high-titre immune plasma provided a 

proportional odds ratio of 1.22 (95% CI [0.65, 2.29], p=0.54) compared to low-titre plasma 

when measured by an ordinal scale of clinical outcomes on Day 7. To our knowledge, this is 

the first randomised blinded controlled trial of immune plasma for the treatment of severe 

influenza.

Despite encouraging results from prior studies, this study was unable to demonstrate a 

favourable treatment benefit from high-titre immune plasma. The expected benefits of a 

therapeutic must outweigh its potential risks to patients18, and its costs. A larger benefit 

would need to be established to justify the risks and costs of using immune plasma as a 

therapeutic, and the modest POR of 1.22 observed in this study is likely not sufficient to 

justify the continued development of immune plasma for treating severe influenza A. 

Nevertheless, it is important to recognize that the upper limit of the 95% confidence interval 

for the POR was 2.29 and so our study cannot rule out effects of a magnitude that could 

change these considerations.

The reason this intervention did not demonstrate significant efficacy is not known. It is 

possible this is a consequence of patients having more advanced illness, but as all 

participants had detectable influenza virus it is difficult to discern the contributions of viral 

replication and injury, and host immune response. Early antiviral therapy with a 

neuraminidase inhibitor is associated with improved outcome in patients hospitalized with 

seasonal influenza19,20, but a significant number of deaths still occur despite administration 

of antivirals.21 Therefore, antivirals alone may not be sufficient and strategies targeting host 

inflammation may be needed.22

Several secondary endpoints demonstrated a trend towards benefit with high-titre plasma 

treatment (e.g. duration of ICU, duration of mechanical ventilation). Given the large 

variability and sample size, the results were statistically insignificant. These endpoints were 

chosen following U.S. Food & Drug Administration guidance that notes “For seriously ill 

influenza patients requiring hospitalization, a primary endpoint should include clinical signs 

and symptoms, duration of hospitalization, time to normalization of vital signs and 

oxygenation, requirements for supplemental oxygen or assisted ventilation, and mortality”.10 
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The significant variability in these clinical parameters, however, require a large sample size 

to demonstrate a definitive treatment effect.

In the development of this trial, several considerations were made regarding the study 

design, treatment, and population. Inasmuch as the prior unblinded plasma study suffered 

from asymmetrical loss to follow-up7, the decision was made that this study must be 

blinded. Pharmacy-derived control infusion (e.g. albumin in saline) were considered. Even if 

the saline-albumin solution could be supplied in plasma bags with ISBT plasma labels, it 

would likely still not be blinding as albumin is typically a clear bright yellow and plasma is 

more opaque. Ultimately it was determined the only treatment that would allow full study 

blinding would be low-tire human plasma.

There was concern if the low-titre plasma was truly an inactive comparator. Plasma units 

were screened using HAI titres of 1:80 or above for high-titre units and 1:10 or below for 

low-titre units. The evidence for using HAI is derived from a live influenza virus challenge 

trial conducted in the 1970s.23 It has been argued that other markers of immunity such as 

neutralizing titres and anti-NA titres may better correlate with disease severity metrics.24 If 

both high-titre and low-titre units had similar levels of other protective factors, then no 

difference in the two arms would be expected. However, in a study evaluating high-titre anti-

influenza immune globulin compared to saline placebo in a similar population with the same 

primary endpoint of clinical status by ordinal scale on Day 7, the POR was almost the same 

as that demonstrated in the current study (POR 1.25 (95% CI [0.79, 1.97], p=0.33) (Davey et 

al, also in peer review at Lancet Resp Med). Thus, using low-titre plasma as the control 

infusion is likely not obscuring a treatment effect with plasma that would have been revealed 

if we had used a saline control. Similarly, it is unlikely that non-antiviral, 

immunomodulation is contributing to the efficacy, as this too would have shown benefit in 

the IVIG study and not the current plasma study.

Lastly, there was considerable discussion defining the population for which the risk of a 

plasma therapeutic would be appropriate. This had to be balanced by the practical 

considerations and challenges of enrolling a population hospitalized with influenza, which 

are very difficult studies to enrol with many sites not enrolling any participants.25 We 

believe the NEW score of 3 or greater defined a population with physiologic aberrations and 

risk for poor outcomes, while still being a study than can be fully enrolled. It is possible that 

focusing on the more severe population may have led to different study outcomes, but we 

likely would not know this answer yet.

Of interest is the ordinal status by day. Ordinarily, the POR just below 1 (0.86 on Day 1, 

0.95 on Day 2, 1.26 on Day 3, 1.22 on Day 7) with large p-values would not be given further 

consideration. However, the anti-influenza IVIG study demonstrated strikingly similar data 

(0.55 on Day 1, 0.78 on Day 2, 0.87 on Day 3, 1.22 on Day 4, and 1.23 on Day 7.). (Davey 

et al, in peer review). This raises at least the possibility that there might be mild worsening 

in clinical status shortly after receipt of polyclonal antibodies, converting to small benefit by 

Days 4–7.
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The results of these two definitive polyclonal antibody trials (plasma and IVIG) are similar 

to many monoclonal studies. At least eight monoclonal antibodies have been tested in 

clinical studies.6 Some had encouraging early results, mostly from controlled human 

infection studies. However, many of these have stopped further clinical development due to 

mixed efficacy results in naturally occurring influenza.6

In conclusion, despite encouraging results from prior studies, the addition of high-titre anti-

influenza immune plasma to standard care conferred a Day 7 clinical status POR of 1.22. 

This small statistically insignificant benefit is insufficient to justify the use of anti-influenza 

immune plasma for treating patients with severe influenza A.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed January 26, 2019, for studies using the search terms “plasma” and 

“influenza” in the title or abstract, restricting to the article type of “clinical trials”, and 

excluded trials that did not evaluate human plasma as the intervention. In 2009, a cohort 

study with convalescent plasma in the treatment of pandemic H1N1 influenza resulted in 

a mortality of 20% in the treatment group versus 54% the control group. However, 

mortality in the control group in this study was higher than expected raising the concern 

for bias in patient selection. In 2017, a randomised, phase 2 study of participants with 

severe influenza A or B (with hypoxia or tachypnoea) were assigned to either immune 

plasma plus standard care versus standard care alone. This small study was unable to 

demonstrate clear benefit in the primary endpoint of normalization of respiratory status 

by Day 28, but multiple secondary endpoints were suggestive of efficacy. Additionally, 

there were baseline imbalances that may be contributing to these perceived benefits. No 

previous randomised blinded studies were identified for the treatment of influenza with 

convalescent plasma.

Added value of this study

To our knowledge, our study is the first blinded treatment study to investigate the use of 

immune plasma in the treatment of severe seasonal influenza. Our findings showed that 

patients with influenza A treated with convalescent plasma had no statistically significant 

clinical benefit from treatment with the immune plasma.

Implications of all the available evidence

The evidence from this study suggest there is insufficient benefit to justify the use of 

immune plasma for treating patients with severe influenza A.
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Figure 1 –. 
Enrolment, Randomization and Treatment

Beigel et al. Page 14

Lancet Respir Med. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
HAI titres over time by randomised treatment. (In dilutions (1:x); boxes span from the lower 

limit of the 95% CI to upper limit of the 95% CI)

A) influenza A/California/7/2009 H1N1

B) influenza A/Switzerland/9715293/2013 H3N2

C) influenza A/Hong Kong/4801/2014 H3N2
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Table 1:

Demographics, and Baseline Characteristics

Randomised treatment

Total (N=138) High titre (N=91) Low titre (N=47)

Age (years) N 138 91 47

Median (Q1, Q3) 60.5 (45.0, 69.0) 58 (47, 69) 63 (44, 69)

Min, Max 0, 93 0, 93 1, 92

Age Category <18 years 13 (9%) 8 (9%) 5 (11%)

Sex Female 67 (49%) 41 (45%) 26 (55%)

Race American Indian or Alaskan Native 2 (1%) 2 (2%) 0 (0%)

Asian 4 (3%) 2 (2%) 2 (4%)

Black or African American 24 (17%) 16 (18%) 8 (17%)

White 105 (76%) 69 (76%) 36 (77%)

Other 3 (2%) 2 (2%) 1 (2%)

Ethnicity Hispanic or Latino 10 (7%) 7 (8%) 3 (6%)

Pregnant? Yes 1 (1%) 1 (2%) 0 (0%)

Influenza vaccination in the current 
season?

No 71 (51%) 48(53%) 23 (49%)

Days of symptoms prior to 
randomization

Median (Q1, Q3) 3 (2, 4) 3 (2, 5) 3 (2, 4)

Took any antivirals prior to 
randomization?

Yes 108 (78%) 69 (76%) 39 (83%)

 If yes, antiviral used Oseltamivir 105 (97%) 67 (97%) 38 (97%)

Influenza subtype (central lab testing) Influenza A / H1N1 35 (25%) 25 (27%) 10 (21%)

Influenza A / H3N2 89 (64%) 56 (62%) 33 (70%)

Indeterminate 4 (3%) 3 (3%) 1 (2%)

Not detected 1 (1%) 0 (0%) 1 (2%)

Not done 9 (7%) 7 (8%) 2 (4%)

Viral shedding (log10 copies/mL) Median (Q1, Q3) 4.3 (3.4,5.6) 4.2 (3.3,5.4) 4.6 (3.5,5.7)

Days from hospitalization to 
randomization

Median (Q1, Q3) 2 (2, 3) 2 (2, 3) 2 (2, 3)

Clinical status In the ICU 60 (43%) 40 (44%) 20 (43%)

Hospitalized, requiring oxygen 55 (40%) 37 (41%) 18 (38%)

Hospitalized, not requiring oxygen 23 (17%) 14 (15%) 9 (19%)

Mechanical ventilation Yes 39 (28%) 25 (27%) 14 (30%)

ECMO Yes 6 (4%) 5 (5%) 1 (2%)

ARDS Yes 18 (13%) 15 (16%) 3 (6%)

NEW score (N=123 adults) Median (Q1, Q3) 5 (4, 7) 5 (4, 8) 5 (3, 7)

SOFA score (N=121 adults) Median (Q1, Q3) 3 (2, 6) 3.0 (1.5, 6.0) 3 (2, 7)

PEW score (N=13 children) Median (Q1, Q3) 8 (5, 12) 9.0 (5.0, 11.5) 8 (4, 13)

PELOD score (N=12 children) Median (Q1, Q3) 0.5 (0.0, 3.0) 0 (0, 1) 3.0 (1.5, 12.0)
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Table 2:

Clinical status on Day 7

Randomized treatment

Total (N=138) High titre Low titre

Clinical Status at Day 7

N 137 91 46

Death 4 (3%) 2 (2%) 2 (4%)

In the ICU 25 (18%) 15 (16%) 10 (22%)

Non-ICU hospitalization, requiring supplemental oxygen 23 (17%) 16 (18%) 7 (15%)

Non-ICU hospitalization, not requiring supplemental oxygen 13 (9%) 8 (9%) 5 (11%)

Not hospitalized, but unable to resume normal activity 41 (30%) 30 (33%) 11 (24%)

Not hospitalized with full resumption of normal activity 31 (23%) 20 (22%) 11 (24%)

Odds ratio 1.22. 95% CI [0.65, 2.29], p-value 0.54

An odds ratio of greater than one is indicative of improved clinical status for the high titer group versus the low titer group.

Lancet Respir Med. Author manuscript; available in PMC 2020 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beigel et al. Page 18

Table 3:

Primary Endpoint by Demographic, Severity of Disease, and Virologic Subgroups

Subgroup N Percentage in 
Group

Proportional Odds Ratio [95% CI] p-value P-value for 
treatment by 

subgroup 
interaction*

Age (category)

 Adult 125 90.6 1.09 [0.56, 2.12] 0.8 0.41

 Children 13 9.4 2.64 [0.36, 19.38] 0.34

Gender

 Male 71 51.4 1.48 [0.60, 3.66] 0.4 0.59

 Female 67 48.6 1.04 [0.43, 2.52] 0.93

Race

 White 105 76.1 1.15 [0.56, 2.35] 0.7 0.75

 Non-white 33 23.9 1.47 [0.39, 5.53] 0.57

Clinical Status at Day 0

 Non-ICU no supplemental oxygen 23 16.7 1.22 [0.23, 6.35] 0.82 0.9

 Non-ICU with supplemental oxygen 55 39.8 1.30 [0.46, 3.70] 0.62

 In the ICU 60 43.5 1.74 [0.66, 4.62] 0.27

Baseline NEW/PEW Score

 Below Median 76 55.9 1.27 [0.54, 2.96] 0.59 0.21

 Above Median 60 44.1 3.01 [1.03, 8.81] 0.045

Duration of Symptoms

 ≤ 4 days 109 79.0 1.46 [0.72, 2.93] 0.29 0.88

 > 4 days 29 21.0 1.27 [0.25, 6.35] 0.77

Subgroup

 A/H1N1 35 28.2 3.63 [0.96, 13.71] 0.058 0.12

 A/H3N2 89 71.8 1.07 [0.49, 2.33] 0.86

*
the interaction p-values shown are not adjusted for multiple testing
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Table 4:

The Clinical Status at Each Study Day it was Assessed

Study 
Day

Randomized 
treatment

N Death In 
the 
ICU

Non-ICU 
hospitalization, 

requiring 
supplemental 

oxygen

Non-ICU 
hospitalization, 
not requiring 
supplemental 

oxygen

Not 
hospitalized, 
but unable 
to resume 

normal 
activity

Not 
hospitalized, 

with full 
resumption 
of normal 

activity

Missing Odds 
ratio 

**

95% 
CI

p-
value

0 High titre 91 40 
(44%)

37 (41%) 14 (15%)

Low titre 47 20 
(43%)

18 (38%) 9 (19%)

1 High titre 91 38 
(42%)

30 (33%) 21 (23%) 2 (2%) 0 0.86 [0.45, 
1.66]

0.66

Low titre 46 18 
(39%)

14 (30%) 14 (30%) 0 (0%) 1

2 High titre 91 1 
(1%)

35 
(38%)

24 (26%) 19 (21%) 6 (7%) 6 (7%) 0 0.95 [0.50, 
1.80]

0.87

Low titre 46 0 
(0%)

17 
(37%)

12 (26%) 13 (28%) 3 (7%) 1 (2%) 1

3 High titre 90 1 
(1%)

29 
(32%)

20 (22%) 17 (19%) 11 (12%) 12 (13%) 1 1.26 [0.65, 
2.41]

0.49

Low titre 43 0 
(0%)

15 
(35%)

10 (23%) 12 (28%) 4 (9%) 2 (5%) 4

7 High titre 91 2 
(2%)

15 
(16%)

16 (18%) 8 (9%) 30 (33%) 20 (22%) 0 1.22 [0.65, 
2.29]

0.54

Low titre 46 2 
(4%)

10 
(22%)

7 (15%) 5 (11%) 11 (24%) 11 (24%) 1

14 High titre 86 4 
(5%)

10 
(12%)

3 (3%) 6 (7%) 26 (30%) 37 (43%) 5 1.07 [0.55, 
2.08]

0.83

Low titre 45 4 
(9%)

6 
(13%)

2 (4%) 1 (2%) 12 (27%) 20 (44%) 2

28 High titre 88 6 
(7%)

5 
(6%)

0 (0%) 2 (2%) 24 (27%) 51 (58%) 3 1.29 [0.65, 
2.56]

0.47

Low titre 45 4 
(9%)

3 
(7%)

2 (4%) 1 (2%) 11 (24%) 24 (53%) 2

**
Proportional odds model

NOTE: an odds ratio of greater than one is indicative of improved clinical status for the high-titre group versus the low-titre group
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Table 5:

Duration of Hospitalisation, ICU, Mechanical Ventilation, ECMO, and ARDS Among Those Requiring the 

Support at Randomisation, and Escalation of Clinical Support Measures During the Study.

High-titre (n=91) Low-titre (n=47) p value

Duration of initial in-hospital treatment (days)

Patients receiving intervention at randomisation (n) 91 47 ··

Median (IQR) 5 (3–12) 6 (4–12) 0·30

Duration of initial intensive care treatment (days)

Patients receiving intervention at randomisation (n) 40 20 ··

Median (IQR) 5·0 (3·0–12·5) 8 (4–25) 0·32

Duration of initial mechanical ventilation (days)

Patients receiving intervention at randomisation (n) 25 14 ··

Median (IQR) 9 (4–16) 15·5 (7·0–29·0) 0·22

Duration of extracorporeal membrane oxygenation (days)*

Patients receiving intervention at randomisation (n) 5 1 ··

Median (IQR) 16 (14–18) 20 (20–20) ··

Duration of acute respiratory distress syndrome (days)*

Patients with condition at randomisation (n) 15 3 ··

Median (IQR) 9 (4–15) 8 (4–29) ··

p values were calculated with Wilcoxon’s test.

*
Estimates from Wilcoxon’s test are not provided because of the small population size of the low-titre group.
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