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COVID-19 implication for transfusion: risks from the virus?

CoV-2

Respiratory viruses such as influenza do not typically cause vj

ected in Blood Donations
Chang L et al, EID, 2020
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Figure. Timeline of donations and symptom onset of 2019 novel coronavirus disease from 4 blood donors, China. Gray indicates a
negative result for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA; yellow indicates a positive result. Green indicates
the donor was asymptomatic or their temperature returned to normal; orange indicates fever; red triangle indicates the donor's fever
subsided after taking self-prescribed antipyretic medications. PLT, platelet; TS, throat swab; WB, whole blood.
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No evidence of SARS-CoV-2 transfusion transmission
despite RNA detection in blood donors showing symptoms
after donation

Cappy et al. Blood 2020

Investigation of 354 donations collected early 2020; including 311 associated with a post-donation
information (PDI) and 43 trace-back donations (blood components transfused to 4
immunocompromised COVID-19 patients).

4/311 (1.3 %) PDI samples tested positive for SARS-CoV-2 RNA with high Ct values (Ct> 36), suggesting
low viral loads. Viral culture were negative (3/4).

Table 1. Results of biological investigations of the four SARS-CoV-2 positive blood donations

DETECTION BY REAL TIME PCR ON NEAT PLASMA DETECTION BY REAL TIME PCR AFTER UC RT-PCR®/
n positive/n tested [Ct) n positive/n tested (Ct) SEQUENCING VIRUS CULTURE
R-GENE® PCR1! R-GENE® PCR2! NRC rtPCR? R-GENE® PCR1 R-GENE® PCR2
# donation N RdPd E RdPd target 1 RdPd target 2 N RdPd E plasma  afterUC  plasma afteri-UC
1 POS1/1(37.8) NEGO/1 NEGO/1 NEG 0/4 POS 2/4(37.0; 37.1) POS1/1(35.3) POS1/1(41.6) NEGO/f1 NEG POS1/1 NEG NEG
2 POS1/1(37.5) NEGO/1 NEGO/1 POS 1/3 (39.3) POS1/3(37.4) POS 1/2 (37.0) NEG0/2 NEG 0/1 NEG POS1/2 NEG NEG
3 POS 1/1 (38.0) NEGO/1 POS 1/1(38.4) NEGO/2 NEG 0/2 POS 1/2 (38.3) NEG0/2 POS 1/1(42.2) NEG NEG0/2 NEG NEG
4 POS1/1(36.91) NEGO/1 NEGO0/1 POS 2/3 (36.7; 39.5) POS 2/3(36.9;38.4) Nd Nd Nd POS1/1 Nd Nd Nd

N: nucleocapsid gene, RdPd: polymerase gene, E: envelope protein, Ct: cycle threshold, UC: ultracentrifugation (12 mL of plasmal), i-UC: ultracentrifugation on iodixanol pad {10.5 mL of plasma)
POS: positive, NEG: negative, Nd: Not done

1 SARS-COV-2 R-GENE® assay (BioMérieux)

2 real time PCR from the National Reference Center for respiratory viruses (NRC rtPCR)

3RT-PCR primers: 5’ -GCTTTTCAAACTGTCAAACC-3" and 5'-GGTGAGGGTTTTCTACATCA-3"; hemi-nested PCR primers: 5'-TGCTGTGTCTAAGGGTTTCT-3" and 5-GGTGAGGGTTTTCTACATCA-3".

None of the tested traced-back repository samples tested positive for SARS-CoV-2 RNA.
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Risk of transmission of severe acute respiratory syndrome
coronavirus 2 by transfusion: A literature review

Leblanc et al, Transfusion, 2020

Viral Cultures for Coronavirus Disease 2019 Infectivity

Assessment: A Systematic Review
Jefferson et al, CID, 2020

RNAemia, when present, is close to the limit of detection of rRT-qPCR with high cycle threshold
(Ct) values (> 30)

RNAemia tends to be associated with more severe disease

When present, RNAemia appears to occur early in the course of disease (peak within 10 days of
symptom onset), and duration of RNAemia is short

RNAemia does not indicate the presence of infectious virions

Overall, detecting infectivity in blood is unsuccessful

In respiratory samples, Ct values above 34 are no longer contagious
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Risk of transmission of severe acute respiratory syndrome
coronavirus 2 by transfusion: A literature review

Leblanc et al, Transfusion, 2020

Viral Cultures for Coronavirus Disease 2019 Infectivity

Assessment: A Systematic Review
Jefferson et al, CID, 2020

RNAemia, when present, is close to the limit of detection of rRT-qPCR with high cycle threshold
(Ct) values (> 30)

RNAemia tends to be associated with more severe disease

When present, RNAemia appears to occur early in the course of disease (peak within 10 days of
symptom onset), and duration of RNAemia is shof Sterile RNAemia?
RNAemia does not indicate the presence of infect| «  vijral load below a given threshold?
Overall, detecting infectivity in blood is unsuccess| «  |nhibitory factors in the blood?

In respiratory samples, Ct values above 34 are no| « pefective viral genomes?

* RNA debris resulting from immune cell
uptake and degradation?
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Minipool testing for SARS-CoV-2 RNA in United States
blood donors Bakkour S, et al. Transfusion, 2021

e 17,995 minipools (6 or 16), 258,000 donations, tested for vVRNA between March and
September 2020.

* Three confirmed reactive minipools of 16

« Estimated prevalence of VRNA reactive donations: 1.16/100,000 (95% CI 0.40, 3.42).

 The vRNA-reactive samples were non-reactive for Ab

» Estimated viral loads of the positive donations ranged from <1000 to <4000 copies/ml.

*  When tested, no infectivity was observed in inoculated permissive cell cultures.

Low rate of RNAemia in blood donations collected during
the first wave of COVID-19 in France

Lecam S, et al. Transfusion, 2021

* 2818 minipools (4)(9672 random donations) tested for vVRNA during the first wave

* Five MP were weakly reactive. One out of the 20 plasmas included in these MP4 one
exhibited low-level reactivity (RT-PCR, Procleix SARS CoV-2), confirmed upon
sequencing.

» Estimated prevalence of vVRNA reactive donations: 1.03/10,000 (95% CI 0-3.1).

* All 20 plasmas non-reactive for Ab, no cytopathic effects in cell culture

*  When recalled, the index-donor reported having had symptoms compatible with SARS-
CoV-2 infection a few days after donation.

* Recipients (2 immunocompromised patients) of RBC and (pathogen-reduced) pooled
whole blood platelet did not develop COVID-19.
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SARS-CoV-2 and post-donation
information: a one-year experience
of the French haemovigilance

network
Cappy P et al, Blood Transfusion, 2021

Investigation of 1,092 SARS-CoV-2-related PDI reports.
Sixty-eight percent reported a positive nasopharyngeal RT-
PCR or antigenic testing and 22% of these also had
symptoms at the time of testing.

Thirty-seven (3.4%) donations with PDI tested positive for
SARS-CoV-2 RNA (Ct between 36.5 and 42) confirming very
low viral loads.

There was no difference in demographic data or duration
parameter (time elapsed between donation and onset of
symptoms, positive RT-PCR or PDI) between RNAemic and
non-RNAemic donors.

Cell culture (Vero E6)(n=26) did not yield viral growth.
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Frequent detection but lack of infectivity of SARS-CoV-2

RNA in presymptomatic, infected blood donor plasma
Saa et al (REDS-IV-P), JCI, 2022

Routine blood donation

£
Detect plasma SARS-CoV-2 1‘ 1\
RNA via NAT Healthy Infected
in post-donation
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Measure infectivity of Determine if RNAemia
RNA-positive plasma is associated with
in vitro and in vivo COVID-19 symptoms




Frequent detection but lack of infectivity of SARS-CoV-2

RNA in presymptomatic, infected blood donor plasma
Saa et al (REDS-IV-P), JCI, 2022

Routine blood donation

£
Detect plasma SARS-CoV-2 1‘ ’H‘
RNA via NAT Healthy Infected
[ ] @ [ ]

in post-donation i i
informatio

e Reports of symptoms or a diagnosis of COVID-19 after donation preceded or
coincided with increased general population COVID-19 mortality.
* 2,250 blood donors who reported possible COVID-19-related post-donation
- information were tested for SARSCoV-2 RNA.
[« Detection of RNAemia peaked at 9%—15% of PDI donors in late 2020 to early 2021
@ and fell to approximately 4% after implementation of widespread vaccination.
 RNAemic donors were 1.2- to 1.4-fold more likely to report cough or shortness of
N;Ea: breath and 1.8-fold more likely to report change in taste or smell compared with
infected donors without detectable RNAemia.

inv

* No infectious virus was detected in plasma from RNAemic donors; inoculation of
permissive cell lines produced less than 0.7-7 plaque-forming units (PFU)/mL and in
susceptible mice less than 100 PFU/mL in RNA-positive plasma based on limits of
detection in these models
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COVID-19 implication for transfusion: risks from the virus? No, to the best of
current knowledge

COVID-19 implication for transfusion: risks from the antibodies ?
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Antibody-dependant enhancement / Enhanced respiratory disease

Macrophage-troplc viruses: dengue vius, FIPY

Causes inflammation
and airway chstrucion

Lee et al, Nature Microbiol, 2020
Two main antibody-dependent enhancement (ADE) mechanisms in viral disease.
a: For macrophage-tropic viruses such as dengue virus, non-neutralizing or sub-neutralizing antibodies cause increased
viral infection of monocytes or macrophages via FcyRlla-mediated endocytosis, resulting in more severe disease
B: For non-macrophage-tropic viruses such as RSV and measles, non-neutralizing antibodies can form immune
complexes with viral antigens inside airway tissues, resulting in the secretion of pro-inflammatory cytokines, immune
cell recruitment and activation of the complement cascade within lung tissue. The ensuing inflammation can lead to
airway obstruction and can cause acute respiratory distress syndrome in severe cases.

Early evidence suggested that immune complex formation, complement deposition and local immune activation present
the most likely ADE in COVID-19.
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Severe pandemic 2009 HIN1 influenza disease due to

pathogenic immune complexes
Monsalso et al, Nature Medicine, 2011

Pandemic influenza viruses often cause severe disease in middle-aged adults without
preexisting comorbidities.

Preexisting serum Ab that cross-react with, but do not protect against, 2009 HIN1
influenza virus were found in middle-aged adults.

High titers of serum Ab of low avidity for H1-2009 Ag, and low-avidity pulmonary
immune complexes against the same protein, were identified in severely ill
individuals.

C4d deposition—a marker of complement activation mediated by immune
complexes—was present in lung sections of fatal cases.
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In vitro and in vivo functions of SARS-CoV-2
infection-enhancing and neutralizing antibodies

Li et al, Cell, 2021

SARS-CoV-2 or SARS-CoV
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Isolation of Abs against the receptor-
binding domain (RBD) or the N-terminal
domain (NTD) of SARS-CoV-2 spike from
individuals with acute or convalescent
SARS-CoV-2

RBD and NTD antibodies exhibit
function-specific modes of binding.
Select RBD Abs demonstrated Fc
receptor- (FcyR)-dependent infection
enhancement in vitro, while several non-
neutralizing NTD antibodies mediated
FcyR-independent infection
enhancement.

Both types of infection-enhancing Ab
protected from SARS-CoV-2 replication
in vivo

Three of 46 monkeys infused with
enhancing Abs had higher lung
inflammation scores compared to
controls. One monkey had alveolar
edema and elevated bronchoalveolar
lavage inflammatory cytokines.
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CCP transfusion in hospitalized COVID-19 patients (French CCP
monitored access program)

Occurrence of acute, often transient, increase in oxygen
requirement early after CCP transfusion in a limited number of
patients (<5%)

Convalescent plasma for COVID-19 complicated by

ARDS due to TRALI
Wang KY et al, BMJ Case Rep, 2021

Convalescent plasma therapy for B-cell-depleted patients

with protracted COVID-19
Hueso T et al, Blood, 2020

Convalescent plasma improves overall survival in patients with
B-cell lymphoid malignancy and COVID-19: a longitudinal

cohort and propensity score analysis
Hueso T et al, Leukemia, 2021
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CCP transfusion in hospitalized COVID-19 patients (French CCP
monitored access program)

Occurrence_of acute often transient increase in aoxveen

e A multicenter randomized open-label clinical trial
for convalescent plasma in patients hospitalized

with COVID-19 pneumonia

Christina Avendano-Sola et al, JCI, 2021
ARDS dl * 350 patients were randomly assigned to either CP (n =179) or SOC (n = 171).
Wan{ .  ccP infusion—related events were reported in 10 patients; 5 were cases of severe worsening

Convale

of dyspnea, 3 of which were reported as suspected TRALI. TRALI was ruled out after a full
assessment. All patients recovered without sequelae except one patient who died on day 31
due to underlying disease

* Mortality at day 28 in favor of CCP: HR 0.46, 95% Cl 0.19-1.14

Convalescent plasma therapy for B-cell-depleted patients

with protracted COVID-19
Hueso T et al, Blood, 2020

Convalescent plasma improves overall survival in patients with
B-cell lymphoid malignancy and COVID-19: a longitudinal

cohort and propensity score analysis
Hueso T et al, Leukemia, 2021
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Transfusion reactions associated with COVID-19
convalescent plasma therapy for SARS-CoV-2

FIGURE 1 A, Distribution of
COVID-19 convalescent plasma
transfusion events (total of 427) split
by outcome of transfusion vs no
transfusion reactions. B,
Distribution of transfusion reaction
events (total of 55) split by type of
transfusion reactions include
underlying disease, TACO, TRALI,
allergic, hypotensive, and FNHTR.
FNHTR, febrile nonhemolytic
transfusion reaction; TACO,
transfusion-associated circulatory
overload; TRALI, transfusion-
related acute lung injury

Nguyen et al, Transfusion, 2020
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Access to and safety of COVID-19
convalescent plasma in the United States

Expanded Access Program: A national registry

study
Senefeld et al, Plos Medicine, 2021

PLOS MEDICINE

95,000 patients

Expanded access to COVID-19 convalescent plasma

o 2
o~ -

\‘b e e

& v

i\
o - %y
[ - T &gé\’\ ¢,
3 (‘,‘30 “ 2 L
N3 &
g
& k &
\S’Do \é\ 8 ‘%
e & kg s
& & =
g &
;&ﬁ* &
& &
A8 &
g ISy
R Q\‘ﬁl

Fig$8. Chord diagram of the attributions associated with serious transfusion reactions. Attribution to acategory of relatedness is depicted by a line
connecting from each serious transfusion reaction type. The width of each line and the circumferential axis indicate the number of patients in each combined
serious transfusion reaction and relatedness category group. Other transfusion reactions that were adjudicated to be possibly related to the transfusion (n= 3)
included leukomoid reaction (1= 1), pulmonary embolism (1 = 1), and red cell dilution (= 1). TACO, transfusion-associated dirculatory overload TRALL
transfusion-related acute lung injury,

hitpsy/dai org/10.1371/journal pmed. 1 003872.q008
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French hemovigilance 2019 — mandatory web-based reporting to ANSM

Grade lll and IV only

TABLEAU 15 : TAUX DE DECLARATION DES EIR 2019 D' IMPUTABILITE POSSIBLE, PROBABLE OU CERTAINE,
PAR DIAGNOSTIC ET FAMILLE DE PSL, ENQUETE TERMINEE

/100 000 BC

T

Orientation

diagnostique i

Plaquettes

Tous les

PSL" Plasma*

— Plaquettes™

Tous les

Plasma PSL

Hémolyse autre

Héemolyse
drépanocytaire

i 0
Total 30

3.0 28 6.1 11
Taux /100000 PSL 12 3.4 113 23 25 24 34 19
25 2.7 24 1.5
15 0.3 113 0.0

transfusionnelle
Hémosidérose 38 12 1.6 0.0 0.0
Heémolyse 26 09 1.1 0.0 0.0

drépanocytaire
T = 09 0.0 04

Plasma adverse events PEEIE ey ?:ﬁﬁl’ il iy d
ransfusion 1 TA TRALI
transfusio (/ 100 000) (/ 100 000) CO,
2019 Hemovigance data, 0.1 1.8 0.0
France (ANSM) 266000 114 6 22,8 0.0 0.0 04
2019 0.0 0.0 0.0
Hemovigilance data, France 266000 10,5 (<)1 10,5 0.0 00 00
(grade IlI-IV only) (ANSM) 0.0 0.0 0.0
0.0 0.3 0.0
CCP (Expanded access 229.6 359.3 134 4
program) 95000 116 483 0,2
(Senefeld et al, Plos Medicine)
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Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical

trial

Lacombe et al, medRxiv, 2022

Convalescent Usual care Treatment effect
plasma (n=60) (n=60)
Co-primary outcomes )
WHO-CPS score 2 6 at d4 13(22%) 8 (13%) +8.0% (90% Crl —3.2 to +19.4}‘
Posterior probability of any benefit 11.9%
Posterior probability of moderate or 2.4%
greater benefit”
Need for ventilation, additional 19 (32%) 20(33%) 1.04 (90% Crl 0.61 to 1.78)"

immunomodulators or death up to d14
Posterior probability of any benefit
Posterior probability of moderate or
greater benefit”

45.2%

ac A0

—— Convalescent plasma

0-5+
—— Usual care

§
[?j 04-
&
'@ L
E 034
o = —
£
= 024 Posterior distribution
c Median HR 104
8 [ 90% Crl 06110178
o N 95% Cri 05510197
g 014 PHR<1) 0452
b5 P(HR <085) 0269

00 T T T T T T T T T T T 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Number at risk

Plasma 60 56 52
Usualcare 60 60 53

44 43 43 43 43 41 41 41 41 41 4
52 49 49

44 42 41 40 40 40 40 40
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Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical

trial
Lacombe et al, medRxiv, 2022
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trial
Lacombe et al, medRxiv, 2022

Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical

1-0

0-8+

0-6

04+

Proportion Surviving

024

—— Convalescent plasma

— Usual care

Timepoint
Day 14
Day 28

HR (95% Cl)
040 (010 to 1-53)
0-51 (0-20 10 1-32)

00
1
Number at risk

Plasma 60 60

3 5 7 10

58 59 57

Usualcare 60 60 60 60 56

Subgroup analyses: Patients with underlying immunodeficiency

10 1 1
- - '_\—¢_|_\_‘
5 087 %
" '_‘—|
a ns_
c
S .44 — Convalescent plasma
5 —— Usual care
S 0-2-
£ Time point  HR(95% Cl)
Day 28  0.36 (0.14-0.97)
0-0 T T T T 1
1 3 5 7 10 14 21 28
Number at risk Day
Plasma 26 26 25 25 25 25 23 20
Usual care 30 30 30 30 26 23 22 20
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Convalescent plasma in patients admitted to hospital with
COVID-19 (RECOVERY): a randomised controlled, open-label,

platform trial
RECOVERY Collaborative Group, Lancet, 2021

1007 —— Convalescent plasma
394 — Usual care
25+
=
‘;:: 20 ‘;':,:,:,_,_,_l‘_'_/
£ 154
= .
i Respiratory adverse events up to 72 hours
5 Convalescent
ﬁ Plasma Usual Care
0 (n=5795) (n=5763)
0
Number at risk Number with form completed 5267 5128
Convalescent plasma 5795 Sudden worsening in respiratory status
Usual care 5763 No additional support required 66 (1%) 68 (1%)
] ] New or increased use of 02 681 (13%) 660 (13%)
Figure 2: Effect of allocation to ¢ New non-invasive respiratory support 447 (8%) 435 (8%)
New invasive mechanical ventilation 163 (3%) 160 (3%)
Other 32 (1%) 22 (<1%)
Total: Any sudden worsening in respiratory status 1130 (21%) 1132 (22%)
Persistent worsening 729 (14%) 725 (14%)
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with Convalescent Plasma
Sullivan et al, NEJM, 2022

Early Outpatient Treatment for Covid-19

10.0= 10.0-
= 100+ 7.54 100 7.5+ Control plasma
& Control plasma
&=
2
B
= 75+ 5.0 75 5.0
o
8
I
o
= 50+ 2.54 Convalescent plasma
o
3 Control Convalescent
g =
g B 7 5 = 3 (N=589) (N=592)  P-value?
E
3 s Number randomized, n 615 610
0 IIO 2I0 3
Days s Number transfused, n 589 592
Figure 2. Cumulative Incidence of Coronavirus Disease 2019—Relate Number of grade 3 or 4 adverse events,
On the left, the results of the unadjusted analysis are shown. Shadi 55 34
according to the adjusted targeted minimum loss—based estimatior n 0.13
i Dyspnea 1 (1.8%) 0 (0%)
Hypoxia 3(5.5%) 0 (0%)
Pneumonitis 2 (3.6%) 0 (0%)
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Hyperimmune immunoglobulin for hospitalised patients
with COVID-19 (ITAC): a double-blind, placebo-controlled,

phase 3, randomised trial
The ITAC (INSIGHT 013) Study Group, Lancet, 2022

hIVIG (n=295) Placebo (n=284) OR, RRR, or HR p value
(95% Cl)
Efficacy outcomes
Primary
Ordinal outcome atday 7* NA NA 1-06 (077-1-45) 072
Secondary
Number reaching one of the 178 160 111 (0-91-1-35) 0-30
two most favourable categories
(categories 1 and 2)t
Number discharged from hospitalor 268 252 1-07 (0-92-1-26)  0-37
reached most favourable category
(category 1)%

Subgroup analyses for primary endpoint

Meutralisimg anti- hiVIG Placebo

spike antibodyt {n, score)  (n, score) 079"
Neutral ibody-positive 131,224 124,229 = Loz 17 085

eutralising antibody-positive 131, 2. L2 > -
? P o060 097 157
Mewtralising antibody- negative 141 243 136 2-68 —_—. 0-90
1
T f T 1
0. 1.0 2.0 30

— —»
Favours placebo  Favours hIVIG
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Hyperimmune immunoglobulin for hospitalised patients
with COVID-19 (ITAC): a double-blind, placebo-controlled,

phase 3, randomised trial
The ITAC (INSIGHT 013) Study Group, Lancet, 2022

hIVIG (n=295) Placebo (n=284) OR, RRR, or HR p value
(5oL C1)
Eff Figure S2. Composite safety outcome (death, SAE, grade3 or 4 events, organ failure or serious infection) through
€aQ  Day7subgroup analyses Composite safety outcome
Primary hVIG Placebo Odds Ratio int.
] Subgroup No. % No. % (hIVIG/Placebo) and 95% CI P-val. P-val.’
Ordi :
- Days since symptom onset i 0.78
Num < 6 days 82 22 52 192 f E i | 0.62 D
R 6-7 days 65 308 62 29 } " Lz | 0.64
(catd '
8-9 days 68 25 70 286 } 22 | 0.43
Nun ' ! o ! ) i
reach 10-12 days & 20 w00 2 |—02G+| oo
(catd :
chw
< nAb Positive 133 263 128 164 bndpoint
nAb Megative 141 227 137 343
! 079*
“Most safety events were of a respiratory nature, including increasing |g o2 175 o
dyspnea, increasing oxygen requirements and respiratory failure” o 0971 157 050
— L
| i | |
0-c 1.0 2.0 30

— —»
Favours placebo  Favours hIVIG
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FcyR-mediated SARS-CoV-2infection of
monocytes activatesinflammation

Junqueira et al, Nature, 2022

* Antibody-mediated SARS-CoV-2 uptake by monocytes/macrophages
triggers inflammatopv cell death that abarts nroduction of infectious virus

but causes systemic - I flammasome activationin infected

pathogenesis.

- vaccine recipient pi{ Macrophages drives COVID-19 pathology

infection Sefik et al, Nature, 2022
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COVID-19 implication for transfusion: risks from the virus? No, to the best of
our knowledge today

COVID-19 implication for transfusion: risks from the antibodies ? Maybe

Transient lung worsening early after COVID-19 convalescent plasma transfusion
e Onlyin COVID-19 patients with lung disease / high viral load only?
* Occurring infrequently
* Difficult to distinguish from other causes of ARDS: COVID-19 disease
worsening per se, TRALI/ALI, or even TACO
* Does/would not prevent a favorable outcome

Further studies are needed to assess:

* Occurrence, severity and characteristics

e Relation with immunization status and with outcome

* Involved COVID-19 convalescent plasma / antibodies

* Impact of vaccination in addition to convalescence:
- In CCP donors
- In blood and plasma donors: potential for adverse events in recipients of
blood components and lvig, notably (exclusively?) in SARS CoV-2 infected
recipients
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