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TRANSFUSION COMPLICATIONS

_Estimated risk of Chikungunya viremic blood donation during an

epidemic on Reunion Island in the Indian Ocean, 2005 to 2007

Cécile Brouard, Pascale Bernillon, Isabelle Quatresous Josiane P;llonel Azzedine Assal,
Henriette De Valk; and: ]ecm :Claude Desenclos ‘for the workgroup “Quanntaave Estimation of the
Risk of Blood Donation Contamination by Infecnous Agents”

BAGKGROUND: Between 2005 and 2007, Chikungu-
nya virus (CHIKV) caused a massive epidemic on
Reunion Island with a major peak in the number of

on the island in January 2008,

. Were: computed tor different phases of the epidemic.

- Calculations. used CHIKV incidence estimates derived
from sentinel surveillance, duration of viremia, and fre-
quency of asymptomatic.infection. Data on these two

the outbreak. The.estimated risk was compared to the
results of CHIKV nucleic acid testing (NAT) imple-
mented for platelet (PLT) donations screening.

) “'.HESUL‘!‘S Over the course of the outbreak; the mean - -

risk was estlmated at 132 per 100,000 donatlons The
nsk peaked at 1500 pet 100,600 donattons at the

" height of the outbréak in February 2006. I total, 47
blood donations would have béen. potentlalty wremm |f
‘blood’ coﬂec‘aon had not been |men'upted During thls

 petiod, an- estimated 312,500 of 757,000 mhabttants
had been infected by mosquito-bome transmission.
From January to May 2006, the estimated mean risk
(0.7%) and observed risk on PLT dona'uons {0. 4%)
were of the same order of magmtude ’

" ‘mated tisk of viremic blood donaition was high, “but low
compared o thé risk of mosquﬂo-bome CHIKV frans- -

“iission. The estimated fisk was ‘corréborated by the
concordant results w:th the observed risk.” '

cases in February 2006. Blood donation was mterrupted

last parameters were initially based on hypotheses and -
subsequently obtained from studtes carmiéd-out'during . -

_ CONCLUSION: During this large- outbireak, the esu- -
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hikungunya virus (CHIKV) is an alphavirus that
 belongs to the Togoviridae family, transmitted
by Aedes mosquitoes. It was first identified in
1952 during an outbreak in Tanzania.!? After-.

" . ward, it caused many outbreaks in Africa®” and in Asia 31!

o4 ol Africa, a sylvatic transmission cycle between wild pri-
STUDY DESIGN AND METHODS: Estimates of the -

' Inates and mosquitoes is thought to maintain the virus,
mean risk 'of viremic blood donation on. ‘Reunion-tstand. i': Y

; "whereas in Asia, it is transrmtted from human to human

through an urban transmission cycle3 CHIKV infection is -
mamly characterized by sudden onset of fever, arthxalgmd
myalgia, headache, and edemas. 3121 Other symptoms -
like rash, epistaxis, gingivorrhagia, nausea, vomiting,
flushed face, or photophobla have also been descnbed B
THé most typical cliflical sigii‘is pdlyarthralgxa thatis gen- -
“erally very painful, as suggested by its nameé Chllomg'unya
meaning- in the langnage of the ‘I‘anzaman Makonde '
plateau “that which bends up” in reference to: the stooping
_posture adopted by patients because of the severity of the
. joint pains. The symptoms usually resolve within a.few
. days, but in some severe cases, arth:a]gla may persist for
months or years®® Seroswrveys implemented during
- prior outbreaks have demonstrated that Chlkimgunya

.. _.infection can also be asymptomatic.®.

In early 2005, CHIKV emerged for the ﬁIst time in the

S_OU.thW&St Indian Ocean region (Comoros, Reunion,

ABBREVIATIONS: CHIKV = Chikungunya virus; WNV = West
Nile viris.
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- Mayotte, Sey¢helles, Mauritius, and Madagascar Islands).
""" On Reunion Tsland, the first cases were identified at the.
“end’ of April 2005. After a first epidemic peak in May
 “through Jurie 2005 with a maximum of 450 cases during
" the second week of May, the number of cases decieased
“during the southern hemisphere winter season. At mid-
December, an exponentlal increase in cadses Dcell.rred
7 with almost. 10,000 estimated cases at mid-January 2006
- (Fig. 1). Becavise of concerns about the possible transmis-

sion of CHIKV by blood transfusion, the French Blood Ser-
vices (EFS) inten‘upted blood donatioris on” the island
from January 23, 2006, except dopations for platelets
{PL:Is) for which systemauc screening for CHIKV. genome
by nucleic acid amplification testing (NAT) was setup.

At that-moiment, we estimated -the 1isk of CHIKV:
viremic blood donation. Afterward, we updated these esti-
mates since more-accurate data were available on theinci-

s dence of infection and on the frequency of asymptomatic

_tinfections. We comnpared the estimated risk of viremic' '
" .*blood donation to the observed proportion of viremic PLT
. donations detenmined by CHIKV NAT. screening-

MATER[ALS AND METHODS

. The estimates were performed by the French Insutute of

Public Health Surveillance (InVS) in the setting of awork-

=~ 1334 'I"RANS'FUSION Volumne-48, July 2008
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., Fig 1 Distributmn of symptomahc cases of CHIKV. mfecnon per week qf onset of symptomis, Reunion Island, Ma.rch 28 -2005;
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group mcludmg the FrenchAgency forthe Safety of Health
Products (Afssaps), the French Blood Semces (EPS), and
the National Institute for Blood '.[ransfusmn (INTS) In

early 2005 this group initiated a pro;ect w'1th the almfof'
obtaining a priori quantitative risk’ esumates of contam.t '

nation of blood donations by infectious agents for vanous

,scenarios in terms of incidence and tlme—space

distributdon.’

‘General approach

The first estimates performed in Ianuary 2006 ("prellmi
nary estimates”) concerned the two following periods:
Period A, from the detection of the first cases in April 2005

to mld-December 2005 when a large increase of, cases -

“Gecurred (March 28- -December 18, 2005; 266 days), and

Period B, from mid-December until the interruption of

“blood collection (December 19, -2005- -January 22, 2006;

35 days; Fig. 2).
These estimates were later. reﬁned with consohdated

‘incidence data,, corrected for delayed care-seeking and

. delayed reporting and more precise estimates of the pro-

portion of asymptomatic infections obtained through'a
seroepidemiologic survey carried out at the final phase of
the outbreak. (“retrospectiveé estimates”).-We- also esti-
mated the risk of viremic blood donation for five different
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RISK OF CHIKV VIREMIC BLDO_D DONATION -
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Fig. 2. Periods for risk estimates arid distribution of symptomaﬁc cases of CI-]IKV infectmn perweek of onset; of symptoms, :

" Reunion Island, March 28, 2005, tbrough April 18, 2007.

periods . of the . outbreak w1th these updated data
(Fig. 2). '

- By use of the qua:tterly numbers of blood donanens
collected on Reunion, Island in 2005, (unpubhshed data
from EFS), we could then, estimate the number of blood

. donations that would have been collected in 2006 1f bload
.donations had not been mterrupted

To assess the validity of our risk estimates, we com—
pared the estimated risk of viremic blood donation (“esti-
mated risk”) to the observe_d propottion of viremic PLT

donations collected and- screened for CHIKV genome
{“observed risk”} over the same period..

o Statlstlcal approach - ' .
An app\:oxxmanng fetmula develepecl by Bxggerstaff and

I’etersenls in 2002 for West Nile viris (WNV) was useéd to
estlmate the mean nsk of viremic_ blood donation by

" CHIKV, This formula combinés the proportion of asymp-’
".tomattc (Pa) and symptomat:c (Ps) infections with the
duration of viremia among asymptomatlc ififectéd indi- .
' .wduals (Va} and the duration between onset of v:ren:ua

- _and onset of symptoms in symptomanc ‘patients vs). This

‘prowdes the medn time an mfected individual is viremic

and asymptomatlc. Dmdmg this mean duration of -

Y
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Viremia by'the lerigth of the outbreak period (L) then pro-
"vides an estimate of thé probability that an individual
- doniates blood durihg viremia, assuming that a person
. 'with symptoms would self-defer or be excluded from
donaticni by the predonation medical examination- Com-
"biried with the incidence (I) of the infection (including
both symptomaﬁc and asymptomatic infection), it gives
an esumate of thé mean risk of wrem.lc blood donation:

(PaxVa)+(Ps><Vs) I

Mean nsk
) L

As su'g_gested b& Biggerstaff and Petersen, risk confidence
bounds were obtained by multiplying the confidence
. bounds of I by [(Pa x V&) + (Ps x V5)]/L. Confidence inter-

vals (CIs) of I were calculated with Pleiss. quadratu: :
'method 15 .

Data ori duration of viremia - :

In Ianuary 20086, few data were avaﬂable on the duration of

CHIKV viremia. In'1964, Sarkar and coworkers"” described,

from virologic stud1es of hemorrhagm fever in Calcutta,

that CHIKV was Inost ftequently isolated from blood
" within 48 hours after the onset of sympioms, but that it
" had been 1solated as late as 6 days after the oriset ofillness.

Volume 48, July 2008 TRANSFUSION 1335
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The duration of viremia has been more extensively docu-
mented for dengue viruses: 1 or 2 days before the onset of
symptoms and between 4 and 6 days and as late'as 12 days
after the first symptoms.'*2° We thus-used the following
parameters for CHIKV: 1.5 days for the mean duration
between onset of viremia and onset of symptoms among
symptomatic patients (Vs) and 1.5 +6=7.5 days for the
mean duration of viremia among asymptomatic infected
individuals (V&) assuming that the whole duration of

viremia is similar in symptomatlc and asymptomatl(:'

infections.

~ The same estimates of ditration of viremia were used )
for the retrospective estimates since consistent observa- -
. tions ‘were reported during the outbreak on Reunion.

Island. Thus, during this epidetoic, CHIKV has been iso-

lated from blood mosily within 5 days and as laté as: -

12 days after the onset of symptoms. In some cases,

CHIKV viremia might have persisted over 12 days since ' .. network data, the multiplier of 67, derived during the

" phase of active case finding, was used.? )
L For the estimations of the risk of viremic donations,
" we calculated the estimated incidence of symptomatic

Data on the proportion of asymptomatic infeetiotts ': - - and -asymptomatic CHIKV infection by multiplying the

viral loads at 12 days were high.*

For the preliminary estimates in January 2006, in the
absence of data on the proportion of asymptomatic
CHIKV infection, two hypotheses were formulated based-

on the proportion of asymptomatic infections reported.
- during outbréaks of dengue:™* a minimal proporticn of:

asymptomatic infection of 30 percent and a maximal pro-’
portion of 70 percent.

Between August and October 2006, a seroprevalence
study was conducted among the genera_l population.of

. Reunion Island.? This survey showed that 38 percent of

the inhabitants of Reunion Island had been infected by -

CHIKYV, ‘The preliminary results indicated that 6 percent of

_ the study population had a .positive CHIKV. serology

without having reported CHIKV symptoms. This suggests.
that approximately 15 percent of infected individuals

during this outbreak may have had an dsymptomatic

infection. Therefore, this- -prop orton of 15 percent was
used for Pa for the retrospective estimates.

Incldence of CHIKV mfectlon

We used the incidence data in the general populanon for
the risk estimations assuming that potential blood donors

" had the same risk of CHIKV infection as the general popu-

-

Jation. The population of interest was the inhabitants of
Reunion Island estimated at 756,745 by a population

_census conducted in 2004 by the National Institute for

Statistics. and Economics Studies (INSEE). CHIKV" inci-

.dence data, by week of onset of symptoms, were obtained
_ from the Réunion-Mayotte Interregional Epldemlology

Unit, which had started surveillance for CH[KV infection .

as soon as the first cases were reported in Apnl 2005. A

suspect case of CHIKV mfecﬂon was deﬁned as 2 patient

© 1336 TRANSFUSION Volume 48, July 2008 .

with an abrupt onset of fever over 38.5°C associated with
incapacitating arthsalgia in the absence of any other
patential cause of infection. From April to December 2005,

" surveillance relied on vector control teams, which”con-

ducted active and retrospective case-finding around the
cases reported by a sentinel physician network, medical
laboratories, private practitioners, and patients them-
selves. The number of cases took into account the syrp-
.tomatic patients respondmg to the case definition
whether or not they had consulted a general practitioner.

During this period, approximately 67 suspect CHIKV cases’
~were identified by active case-finding for every suspect

case identified by the sentinel network physicians. From

. mid-December onward, the number of cases exceeded the
" _capacity of the active surveillance system, and surveil-
.. lance was then entirely based on the sentinel network. To

estimate the total number of cases from the sentihel

estimated incidence of suspect cases by 100/(proportion

of symptomatic infections).

_ _ RESULTS
Prellmmary estimates
‘When the preliminary estxmates were performed at the

‘end of January 2006, the number of CHIKV suspect cases -

was 6500 for Period A and 25,000 for Period B.. For

Period A; the estimated mean risk of viremic blood dona-
" tion was 15.2 per 100,000 donations, under the minimal

hypothesis. of 30 percent asymptomatic’ infections, and

" 61.3 per100,000 donations, under the maximal hypothesis. .

of . 70 percent asymptomatic infections -(Table 1).’ For
Period B, the mean risk reached 445 per 100, 000 -dona-

-tions, under the minimal hypothesls and 1;793 per ce

100,000 donations, under the maximal hypothesis. *

Retrospective estimates :
The retrospective estimates used the results of the sero-

prévalence survey that estimated the proportlon of

asymptomatic CHIKV infections during this outbreak at
15 percent. The updated estimate of the number of symp-

-{omatic cases was 6,864 for Period A ‘and 34, 002 for
Periad B (Table 2). Risk of viremic blood donation’ was
_thén estimated at 9.6 and 362.5 per 100,000 donations for
. Periods A and'B, respectively. The risk estimates fof the
- five penods of the outbreak are shown in Table 3. Between
the 1dent1ﬁca.tlon of the first CI-]IKV cases and the iriter-
. 'mpnon of Blood donations {Period 1); 7 of 14, 450 bicod

" donations cellected could have been viremic. Diring
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RISK OF CHIKV VIREMIC BLOOD DONATION

TABLE 1. Prellmmary risk estimates of viremic blood donation, Reunion Island March 28, 2005, through
January 22, 2006
Period A, Period B,
Mar 28-Dec 18, 2005 Dec 19, 2005-Jan 22, 2006
Minimal Maximal Minimal Maximal
hypothesis hypothesis hypothesis hypothesis
Estimated number of symptomatic cases 6,500 6,500 25,000 . 25,000
Propartion of asymptomatic infections (%) 30 70 30 70
Estimated number of infected cases - . 9,286 21,667 35,714 83,333
Period length (days) . . 266 266 . 35 : 35
- Estimated incidence of CHIKV infection 1,227 2,863 4,720 11,012
per 100,000
Estimated risk of viremic b!ood donation
. Per 100,000 blood donationis (95% Cl) 15.2 (14.9-15.5) 681.3 (60.6-62.2) 4450 (440.5-449.5)  1,793.4 (1,781.8-1,804.9)
Per estimated number of blood 2.0M2,800 {1.9-20) 7.9/12,800 (7.8-8.0)  7.1/1,600 (7.0-7.2) 28.7/1,600 (28.5-28.9)
donations (35% CI) R .

TABLE 2. Retrospective risk estimates of viremic bload donation,
Reunion Island, March 28, 2005, through January 22, 2006

Although an estimated 7 viremic
donors had donated blood before the

collection was interrupted, no case of

Per estimated number of blood

1.2/2,800 {1.2-1.3)
donations (95% CI}

5.8/1,800 (5.7-5.9)

Period A, Period B, o i .
Mar 98- Dec 19, 2005- transfugion-transmitted CHIKV infec-
. . Dec 18, 2005 Jan 22, 2008 tion has been 1denuﬁed during this .
Esfimated number of symptomatic cases . .6,864 34,002 penod
Proportion of asymptomatic infections {%}) 18 15 )
Estimated number of infected cases R 8,075 40,002 ) ) .
- Period length {days) : 266 35 DlSCUSSlON
Estimated incidence of CHIKV mfecnon ) 1,067 5,286 o
per 100,000 During this first and massive epiden:uc
Estimated risk of viremic b[ood donatlon .
. of CHIKV infection on Reunioh Island,
Per 100,000 blood donations {95% CI) 9.6 (9.4-9.8)° 362.5 (350.0-366.0) €

we computed estimates of the risk of
CHIKV viremic blood donation, in real

Period 2, atthe height of the epidemic, the estimated risk
of viremic blood donation was 1,500 per 100,000, that
is, 29 potentially viremic donations if blood ‘collection
had continued. The estimated risk then decreased due
to diminishing CHIKV transmlssxon. 210 per 100,000

. between March and June 2006 (Period 3), 1.4 per 100,000 h

for the second semester of 2006 (Period 4), and 0.27 per
100,000 for the first months of 2007 (Period 5), that is, 1

" potentially viremic blood donation every 21 years on the

basis of 17,500 blood .donations- collected. each year,
Finally, -over the course of the outbreak, a total of 47 of
35,750 blood donations might have been viremic if blood
collection had.continued. Simultaneously, an estimated
312,500 of 757,000 inhabitants have been infected by
mosqulto-b orne transmission. .

Comparlson betvveen estlmated rlsk and observed

- tisk:

Between January 23 and May 7,.2006, 2 of T_he 500 PLT
donatioris screened for CHIKVRNA were posmve (0.4%).

"One donor developed CHIKV symptoms on the day after
- the blood donation, the cther remained asymptomaur:
- The risk of viremic blood donation over this period was

estimated -at 720 per 100,000- blood donations, that is,
0 72 percent. .

153

- time during the ascending phase of the
major epidemic peak, and afterward, .
we refined these estimates with newly avmlable data.
Although we underestimated the incidence of CHIKV
infection in our prelimihary calculations, we overesti-
matéd the proportion of asymptomatic infections. Conse-
quently, the preliminary estilnates were 1.2- to 6.4-fold

- greater than the retrospective calculations. The prelimi-

nary estimates, however, provided a right order of magni-
tude of the risk in real time in an emergency context. The
retrospective calculations indicate a mean risk over the
.course of the outbreak between-April 2005 and April 2007,
of 132 per 100,000 donations. The mean risk ‘peaked at
apprommately 1,500 per 100,000 donations at the height
of the outbreak in- February 2006. In'total, potentially.
47 of 35,750 blood donations might have been viremic.
betweéen April 2005 and April 2607 if blood collection had
not been interrupted. We. also estimated that 7 blood -
donations were viremic before the interruption of blood

“donations on the istand. Therefore, this measure enabled-' ’

the avoidance of 40 potentlally viremic donations. By way l
of comparison, during the outbreak, the total number
of individuals infected. through mosquito-bome CHIKV :

~ ransmission is estimated at 312,538 individuals.

- This approach has several limitations. The estimates -
provided. relate to a mean nsk, which supposes that the -
risk is constant over the stud.ted period and for the

Volume 48; July 2008 TRANSFUSION 1337
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TABLE 3. Retrospective risk estimates of viremic blood donation, Reunion Island, March 28, 2005, through April 15, 2007

" Period 3,
. Mar 6, 2006-

“Perlod 1,
‘Mar 28, 2005-

Apr 15, 2007

Perlods 1-5,
. Mar 28, 2005-

Perled 5,
Jan 1, 2007-

Apr 15, 2007

Perlod 4,
Jun 12, 2008-
Dec 31, 2008

Jun 11, 2006

Period 2,.

Jan 23, 2006°
Mar 5, 2006

Jan 22, 2006

-Estlmated number of symptomatic cases

~Omnoo
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Proportiori of asymplématic infections (%)..
Estimated-nurmber of infected cases

Period length (days): -

Estimated Incidence 'of CHIKV infection

. peri00,000.

Estimated: fisk of-viramic:blaod donation

_132.3 (132.0-132.7)

0.27-(0.2-0.3)
0.14/9,760 {0,13-0.15) 0.01/4,890 (0.01-0.02) 47.3/35,750 (47.2-47.4)

1.4 (1.3-1.5)
9:9/4,710 (9.8-9.9)

1,501.4-(1,495,8-1,507.1) 209.2 (207.6-210.7)
29.1/1,940 (20.0-28.2)

50,7 (50.2-51.1)
7.3/14,450 (7.3-7.4)

Per estimated number of blood -

- Per 100,000 blood-donations (95% Cl)
;. denations. (95% Cl) -
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geographic area A]though esﬁmates were perfom1.ed for
several periods selected according to the level of inci-
dence, the number of cases and consequently the risk

might have been highly variable during the studied -

period. In addition, the risk of infection varied by geo-
graphic area as'later demonstrated by the seroprevalence

_survey that showed that 29.6 percent of the inhabitants of

the North have been infected whereas in the East, this
proportion reached 48 percent,* Consequently, the mean
risk underestimates the maximal risk,  corresponding to
the peak of the outbreak sdnd to the area where CHIKV
transmission was maximal. This maximum risk, however,
is highly time and space limited. -

To obtain a more dynamic sight of the risk over the

course of the epidemic and estimates of the . maximal

risk, it would havé been necessary to develop an
~ approach similar to the one proposed by Biggerstaff and
Petersen'®® for the WNV epidemic in 2002 in the United

States. The latter is a statistical approach based on impu-
tation and resampling techniques providing. daily esti-

mates of the risk of blood contamination in an: epldemm '

setting. Conducting such an- analysis in the context of
this large and long-standing outbreak would have been
computationally cumbersome. ITn our 'opinion'; ‘such a
refinement was not essential in regard to the main gbjec-
tives of the study, that is, providing a right order of mag-
nitude of the.risk as an aid for risk management We
considered that providing an approximation of the mean
risk over five periods was a suitable alternative. To

compute these mean risks, we therefore used the
- approximating formula propgsed by Biggefstaff -and

Petersen. In 2003, Biggerstaff and Petersen demon-

. strated for ‘the WNV epidemic in 2002 in the United
' States that the approximating formula provides a reason-

able apprommatmn to the mean risk of transfusion.' The

-same work of comparison of the mean risks estlmated by

this method and by statistical resampling was carried

- ‘out, in the setting of our workgroup, for an outbreak of
-acute hepatitis A in France that occurréed in 1996 through -

1997.1% It also concluded to a good concordance of the

rtesults of both methods. Note that the Cls presented with

our ‘mean risk-estimates do not. take into accéunt ‘the
uncertainty on the dur_auon of viremia, the proportion of
asymptomatic infections, nor the coefficient of 67, used
to estimate incidence of symptomatic infections from
the sentinel network data. Even though this limitation

_Ied to artzﬁmaﬂy narrow CIs, pomt estlmates of mean risk

should not be affected.
’ Our mmdence data were. denved from a sentifiel sur-

. veillance system Because a clinical case definition was
" used, it is possﬂale that other febrile illnesses, not dueto .

CHIKV, were included in the case count. The posmve

“predictive value of a clinical case deﬁ.mtlon, however,

greatly improves if incidence is high. Therefore, the
inclusion of noncases in the casé count, ieading to
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