ELIMINATION OF DENGUE VIRUS IN PLASMA FRACTIONATION

virus was quickly inactivated by the heat treatment, and
infectious virus became undetectable within 5 minutes
{Fig. 1). Total viral reduction for both the bulk pasteuri-
zation and the terminal pasteurization is shown in
Table 2.

Fllt precipitation

After the 15 percent ethanol precipitation, dengue virus
was detectable with the TCID;, assay in both the superna-
tant I11 and the FIII, with a majority of infectious virus in
the FIII. Viral reduction from the FII + III to the superna-
tant 11 was calculated and is shown in Table 3.

Virus filtration

The immunoglobulin spiked with dengue virus was pro-
cessed at 24 to 25°C through the 35N virus filter within

TABLE 2. Clearance of dengue virus in the
albumin process*

. Process step Reduction of virus (log)
FIV precipitation ’ =5.184/=5.351
Bulk pastewization =461
Terminal pasteurization =4.94/=5.44
Cumujative =10.124/=10.79%

* Data are shown from duplicate expariments, except bulk pas-
teurizalion, which was conducted once.

1 The data from the TCIDs, assay, but not the RT-PCR assay,
are included.

+ “Bulk pasteurization” is not included in the “cumulative,”
because It is similar mechanistically to “terminal
pasteurization.”

TABLE 3. Clearance of dengue virus in the
immunoglobulin process*

Process step Reduction of virus (log}
Flll precipitation . 2.16/2.65

Virus filtration 3.37%

5/D treatment - =5.05/=5.38
Chromatography 3.663/4.18%
Cumulative =14.24/=15.58

* Data of single virus filiration expetiment and duplicate experi-
" ments of other processing steps are shown,

1 Only AT-PCR data are included.

¥ Virus reduction caused by the presence of S/D is not

7 houss. No infectious virus was detectable by the TCIDs,
assay in the imrmunoglobulin filtrate, the sample obtained
when the virus filter was reversely flushed with purified
water, or the virus-spiked immunoglobulin control stand-
ing along the whole virus filtration process. To differenti-
ate physical separation from the chemical inactivation by
the low pH, the samples were further quantified for
dengue virus with the quantitative RT-PCR assay. The
RT-PCR data show that dengue virus was much more con-
centrated in the back-flush fraction than in the immuno-
globulin filtrate. Viral reduction by the virus filtration was
calculated and shown in Tables 3 and 4. These results indi-
cate that dengue virus is effectively removed by the 35N
virus filtration.

S/D treatment

The presence of $/D was cytotoxic to the virus detector

Vero E6 cells; when diluted 1000-fold, §/D did not affect

the determination of virus titer. The kinetics of inactiva-

_tion of dengue virus in the immunoglobulin during the

16-hour $/D treatment at 28 to 30°C is shown in Fig. 2.

Dengue virus was guickly inactivated by the S/D treat-

ment, and infectious virus became undetectable within

1 minute. Total viral reduction for the $/D treatment was
shown in Table 3. .
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Fig. 2, Inactivation of dengue virus in inununoglubﬁ_lins by
S/D treatment over time. Stock dengue viruses (7.16 log/mI)
. was spiked at a ratio (vol/vol) of 1:9 in the $/D treatment step;

included. when it was spiked to the immunoglobulin sample neutral-
ized to pH 7.0 4 viral titer of 7.00 log was obtained.
TABLE 4. Clearance of dengue virus in the virus filtration*
Assay - Load immunogiebulin fiitrate Back-flush Log reduction, load — filfrate
TCIDg ‘8.37 =2.58% =251t : =579
Quantitative RT-PCR ) 8.47 5.10 7.08 3.37

7.67 log per mL.

* The numbers shown are total viral titers {log number multiplied by volume), and the stock virus spiked at a ratio of 1:49 had a titer of

+ No dengue virus was detected, and the number was calcufated according to the Poisson distribution,
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TABLE 5. Clearance of dengue virus in the chromatography*

Assay Resin Load Flow through Eluate Log reduction, load — eluate
TCWss New .20 =6.19t% =116t =7.04

Used 8.04 =619 =111} =6.93
Quantitative RT-PCR New 9.24 8.31 5.58 3.66

Usad 8.99 8,14 4,81 418

and 7.83 log per mL for the new and used resins, respectively.

* The numbers shown are total vira! titers (log number multiplied by volume), and the stock virus spiked at a ratio of 1:20 had a titer of 7.67

+ No dengue virus was detecled, and the number was calculaled according to the Polsson distribution.

Cation-exchange chromatography

After the chromatogrdphy step of the immunoglobulin
process, no infectious virus was detectable by the TCIDsp
assay in the column load, the flow-through fraction, the
eluate fraction, or the virus-spiked load control standing
along the whole chromatography process. Total viral

reduction from the column load to the eluate fraction was

at least 7.04 and at least 6.93 log for the new resin and the
476-cycled used resin, respectively (Table 5). Because 5/D
was present in the starting material, the elimination of
dengue virus could ‘be a result of inactivation by the
chemicals. To differentiate physical removal from chemi-
cal inactivation, the samples were further quantified for
dengue virus with the quantitative RI-PCR assay. The
RT-PCR data show that a majority of dengue virus was
‘observed in the flow-through fraction. Total viral removal
by the chromatography process was calculated to be 3.66

- and 4.18 log for the new resin and the 476-cycled used
resin, respectively (Tables 3 and 5).

DISCUSSION

Viral safety is of paramount importance for human
plasma—derived therapeutic proteins such as albumin,
al-proteinase inhibitor, clotting factors, and immunoglo-
bulins. Recent documentation of blood-associated
transmission'? and continuous regional outbreaks of
dengue fever have prompted a validation of clearance of
dengue virus in the manufacture processes of the plasma-
derived products. It was the intention of this study to
investigate clearance of dengue virus in individual steps of
.manufacture processes of plasma-derived albumin and
immunoglobulins. The results shown in Tables 2 and 3
clearly demonstrate for the first time that specific virus
removal and inactivation procedures reduce the risk of
dengue virus transmission by more than 10 log cumula-
tively in plasma-derived albumin and immunoglobulins.

+  In this study, cold ethanol precipitation is very effec-
tive in inactivating dengue virus in the albumin process,
but mildly effective in removing dengue virus in the
immunoglobulin process. This difference in effectiveness
is probably due to the fact that higher concentrations of
ethanol were used in the albumin process. It is fairly rea-
sanable to speculate that other therapeutic proteins pre-
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pared from plasma by similarly high concentrations of
ethanol, for instance, ol-proteinase inhibitor and trans-
ferrin purified from the Cohn FIV, would have a good
safety margin with regard to transmission of dengue virus.

Pasteurization inactivated dengue virus very quickly
and effectively in the albumin process. The presence of a
high concentration of albumin or the albumin stabilizing

"agent sodiurn caprylate did not seem to protect dengue
virus from the heat inactivation. Caprylate has been
shown to be an effective virus-inactivating agent at milli-
molar concentrations under- acidic conditions;*!?
however, caprylate appears unlikely to contribute much to
the viral inactivation capacity of the pasteurization step as
in the albumin formulation it is used under neutral pH,
which do not favor the foimation of the active
cofnponent——the nonionized form of-caprylate. As shown
by albumin's long history of viral safety in clinical appli-

-cations, the dedicated viral inactivation step in albumin
manufacture processes has been very robust in the inac-
tivation of many different viruses including West Nile virus
and bovine viral diarthea virus (BVDV), both from the
same Flaviviridae family as dengue virus.!3**

Virus filtration was very effective in separating
dengue virus from the'immunoglobulin filorate (Table 4).
The data suggest that chemical inactivation by the low pH
condition can probably contribute to the viral clearance
capacity of this process step. In a separate study with
BVDV, which is of similar size but not sensitive to low pH
treatment, a majority of the spiked BVDV was trapped in
the Planova 35N filter, which was recovered in the back-
flush sample (unpublished observation). N

Like pasteurization, S/D treatment very guickly and
effectively inactivated dengue virus in the immunoglobu-
lin process. This dedicated viral inactivation step in the
immunoglobulin manufacture processes has been very
robust in the inactivation of many different viruses includ-
ing West Nile virus and BVDV 154

The cation-exchange chromatography was originally
intended to remove S/D from the immunoglobulin
_Process; however, it was also observed in this study to
effectively remove dengue virus by affinity adsorption. In
addition, this purification step was mildly effective in the
physical removal of BVDV (unpublished abservation). -
Although the chromatographic process may not be a
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robust viral removal step in general, it is indeed effective in
the clearance of dengue virus.

In summary, this study has shown that effective clear-

ance of dengue virus is achieved in the manufacture pro-
cesses of albumin and immunoglobulins, providing
additional evidence supporting the viral safety of plasma-
derived products.
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TRANSFUSION COMPLICATIONS

Dengue virus'in blood donations, Puerto Rico, 2005

Hamish Mohammed, Jeffrey M. Linnen, Jorge L. Mupfioz-Jorddn, Kay Tomashek, Gregory Foster,
Amy S. Broulik, Lyle Petersen, and Susan L. Stramer -

BACKGROUND: A single instance of transfusion-
transmitted dengue infection has been reported. The
high Incidence of dengue in endemic countries, the high
proportion of asymptomatic infection, and the median.
5-day virernia, however, suggest that transfusion-
associated dengue trarismission may be more wide-
" spread than documented.
STUDY DESIGN AND METHODS: The prevalence of
dengue virus (DENV) RNA was determined in all blood
- donations to the American Red Cross in Puerto Rico

cific type of nucleic acid amplification test calied
transcription-mediated amplification’ (TMA). TMA-
positive’ donations were defined as those having two
repeatedly. reactive TMA rasults. TMA-postive dona-
tions were tested by enzyme-linked _immun‘oéorbent
-assay for immunoglobulin:M {IgM) -antibodies, by
reverse transcription—polymerase cham reactlon (RT‘
"PCRY), and by viral culture.

- RESULTS: Twelve (0.07%) of 16,521 b!ood donatione
tested were TMA-positive, Four were positive by

. RT-PCR (DENV serotypes 2 and 3). Virus was cultured
from 3 of 4 RT-PCR—positive donations. One of the 12
TMA-positive donations was lgM-positive. Only 5 dona-
tions remained TMA-positive when diltited.1:16, as is
done for roytine minipool screening for offier-
transfusion-transmissible viral infections (hepatitis C,
human immunodeficiency, West Nile viruses [WNVs]).

~ CONCLUSION: Neariy 1 in 1000 blood donations con-
tained DENV RNA, and virus could be cultured from
TMA-posmve donauons suggesting a transfusion trans-
missioft risk similar to that which existed in the United
States ‘for.WNV before universal donation screening.
Slmliar to WNV ]gM antbody screening'is likely to be

,'-"'-meffectwe and sorié potentsally infectious donations

e _*_.":Will be mlssed by mrmpoo! screemng Transfuswn trans-... '

~ from September 20 to December 4, 2005, using a spe-
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engue virus (DENV) is a mosquito-borne fla-
vivirus transmitted by the bite of an infected
Aedes spp. mosquito. Infection by each of the
antigenically distinct serotypes (DENV-1, -2,
-3, and -4) confers lifelong serotype-specific immunity.
Subsequent infection with another serotype is possible
because immunity to heterologous serotypes is short-

" lived. Most (53%-87%) dengue infections are asymp-

tomatic or mildly symptomatic. Dengue’ mfectlon is
characterized by a median 5-day viremia, and in clinically
apparent infections, symptom onset occurs 1 day after
onset of viremia.*® The clinical spectrum of dengue infec-

" tion ranges from dengue fever to’ dengue hemorthagc

fever, -dengue shock: syndrome,  aifd ! death. _Primary

" dengue infections often - present mﬂ'r feau.f:es of classic

Py

dengue fever including acute ‘61
myalgia, rewroorbital pain, headache ‘anr.j rash Subse-
quent infection with a second denghe serotypeé ini
the risk of developing dengue hemorrhaglc fever. which i is
characterized by fever, thrombocytopema (platelet count

=100 x 10°/L), hemorrhagic mamfestatlons,‘a_nd evidence

Y

 ABBREVIATIONS: ARC = American Red Cross; DENV = deﬁgue

virus; JC = internal control; IR = initially reactive; 8/CO
ratio = signal-to-cutoff ratio; TMA = tranSCnpUOn-medJated
amplification; WINV =West Nile virus,
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_ Ictus exists in some parts of the Amencas including more -
_than 20 states in the eastern half of the’ United States.!!

of increased vascular permeability and plasma leakage.5”
With timely supportive care, dengue hemorrhagic fever
case-fatality rates can be reduced to less than l.percent.??

The principal dengue vector is Aedes aegypti. It is
found throughout the tropics and subtropics and in limited
areas of some states in the southeastern United States.
Aedes albopictus is also a competent vector for dengue and
has been implicated previously in dengue outbreaks:™
Although it has not been detected in Puerto Rico, A. albop-

Autochthonous dengue transmission does sporadlcally
occur in southern Texas along the Unitéd States-Mexico
border, with the most recent outbreak occurring in the
contlguous border towns of Brownsvﬂle, Texas, and Mata-

. moros, Tamaulipas (Mexico).!>!* This suggests the ende-

. micity of dengue in South Texes and the risk of =

reemergence of dengue in states that border Mexico as well

.. as in southieastern states with competént-véctor(s) and

subtropical climates, Research, however, has found that
differences in housing (e.g., use of air conditioning and

screens) and lifestyle may prevent this fromhapp ening: 1213

Although few reports document DENV transmission

: _ through receipt of infected blood,* tissues,’ or organs,'®

transfusion-associated dengue transmission may be more

' . common than premouslyrecogmzed The high proportion

e . of asymptomatic infections, the median 5- daY period of -

_"'“,;_detgctable, viremia, and the high lncxdenqe, especially

during outbreaks, suggest that a substantial number -of

... donors could be viremic at the time of doniation. In addl-

tion, nosocormal transmission of DENV .
450 -

. via needle-stick injury'?? further indi- -
_cates the transmissibility of DENV by. -
infected blood. Viremic individuals. . 400 +
. may unkrowingly donate blood before :
symptom onset or if- they  remain. 330
asymptomatic. West Nile virus (WNV), a" 300 1
. . related mosquito-borne flavivirus, may o
_ provide a useful. model fofas‘sgssing_ § 250 +
* ransfusion-associated DENV transmis- g iy
sion. Transfusion transmission of WNV g 200 -
is well documented, and‘al_l bloed dona-_ g . 15'0 ]
tions in the United States are screened = < ™
o using WNV-specific nucleic acid a.mph-". 100 -
" * fication tests {NATs). 2%
" Dengue was first identified in * 50 LT
~Puerto Rico in 1963 and is now endemic R |
year—round with occasional islandwide 0 -
* outbréaks. A mean of 5446 (range, 2416- = 1

) fromt 1990 to 2004, whefeas 6039 cases

10,048) suspected cases were reported -
annually during the nonoutbreak years

weré reported in 2005 (incidences. of /
151 versus 159 per 100,000 popul_qﬁorll
year). Approximately 77,000 blooed

4 7 10 13 16 18 22 25 28 31 34 37

DENGUE IN BLOOD DONATIONS

donations are collected annually by the American Red
Cross (ARC) collection centers and blood donation drive
sites in Puerto Rico. These donations are used in the con-
tinental United States, Puerto Rico, and elsewhere in the
Caribbean. To assess the potential for transfusion-
associated dengue infection in Puerto Rico, we tested all
blood donations to the ARC for dengue viral nucleic acid
using a recently developed dengue-specific NAT during an
11-week period of seasonally heightened dengue activity
in 2005.

MATERIALS AND METHODS

We analyzed demographic data collected from blood
donors and plasma specimens from all blood donations to
ARC blood collection centers and blood drives in Puerto
Rico from September 20 to December 4, 2005, This study s

* period commenced 2 weeks after the peak of seasonally
" heighteried dengue activity in Puerto Rico (Fig. 1). Plasma

specimens containing ethylenediaminetetraacetate as an -
anticoagulant- (BD" Vacutainer PPT plasma. preparation

" tubes, BD, Franklin Lakes, NJ) from all blood donations .

during this study period were retained in a repository at

_the ARC facility in Gaithersburg, Maryland

All specifnens were first screened for.the presence of
DENV RNA using a DENV-gpecific NAT developéd by
Gen-Probe, Inc. (San Diego,. CA) that uses transcription-

- . mediated amplification (TMA) Specimens were tested by

TMA at Gen-Probe by trained ARC staff.-All initiaily reac-
tive (IR} specimens were :retested -and- TMA-positive

‘Study Period

Week of anset of symptams

Fig. 1. Number of suspected* (E}) and confirmed? (M) dengue cases by week of
symptom onset, Puerto Rico, 2005, *Suspected = reported case of dengue witha
clinical suspicion of dengue. TConﬁrmed laboratory-confirmed (by serology ox
virology) case of dengue.
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specimens were those that were repeatedly reactive; all

- others were considered to be TMA-negative. Both initial |

and repeat TMA screening were performed using indi-
vidual specimens. All IR specimens were sent to the CDC’s
Dengue Branch Laboratory in San Juan, Puerto Rico,
for supplemental testing by reverse transcription—
polymerase chain reaction (RT-PCR).* Testing of dona-
tions was unlinked to donor personal identifiers; thus,
subsequent contact with donors or recipients. was not
possible. Deidentified data from blood donation records
were used in the statistical analysis (described below). The

data were stored on a single password-protected terminal
" at the CDC, and no attempt was made to trace the donors.

The study protocol was approved by the Institutional
Review Board of the ARC.

T™MA

) 'Testing was performed using a prototyi)e dengue TMA

assay on a fully automated system for NAT blood screen
(Procleix Tigris system, Chiron Corp., Emeryville, CA). The

_assay uses the same chemistry as other human immuno-

deficiency virus-1/hepatitis C virus arid WNV assays (Pro-
cleix and Ultrio, respectively, Chiron Corp.}*# and targets
sequences that are conserved across all four serotypes.

" Thus the assay used is capable of detecting all four dengue
serotypes. TMA is an isothermal RNA transcription ampli--

fication system using bacteriophage T7 RNA polymerase

'_ and Moloney muring leukemia virus reverse transcriptase
(MMLV RT) to produce RNA amplicons via DNA interme-

diates. Viral lysis and magnetic-based target capture of
viral RNA are followed by amplification and detection with

.the use of chemiluminescent probes.® This technique is

able to detect 3.4 West Nile viral copies per mL at a 50

~ percent detecilon rate.?® The analytical sensitivity of the
. DENVTMA assay used in this study is very similar, with 50

percent detection at 3.5 viral RNA copies per mL and a
sample volume of 0.50 mL.?® Assay results were reported
in relative light units, which were used to derive signal-to-

cutoff (S/CQ) rafios. Cutoﬁ values. for the Dengue TMA:-
assay internal control (IC) and a.naiyte 31gnals were calcu-

lated using the same formulae used for the ProcleleNV

Assay“ A sample was. considered reactive if the analyte - .

$/CO ratio was at least 1.0, nonreactive if the analyte S/CO

~ ratio was less than 1.0 and the IC signal was above the IC-

cutoff, and invalid if the analyte S/CO ratio value was less

* than 1.0 and the IC signal was below the IC cutoff.

; Supplemental testing

Al TMA- posmve specu:nens were retested at a 1:16 dllu- L
_ tion in plasma screened negative for all infections disease

markers including dengue RNA at Gen-Probe to de-
termine the efficacy of testing blood -donations by

minipoqled methods. The TMA-positive and IR specimens -
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were tested using a real-time RT-PCR assay for the detec-
tion of NS5 gene sequence {TagMan, Applied Biosystems,

“Foster City, CA).?* This RT-PCR test is multiplexed and

detects the four dengue serotypes in one reaction. It can
also be used to quantitatively measure viral RNA in bload
specimens with a sensitivity of approximately 1 x 10°* to
5 x 10° viral RNA copies per mL. The sample volume is
20 pL derived from a 100-uL RNA extract obtained from a
0.24-ml. serum specimen. All TMA-positive and IR speci-
mens were also tested for the presence of immunoglobu-
lin M (gM) and immunoglebulin G (IgG) antibody using
IgM MAC-enzyme-linked immunoesorbent assay (ELISA)
and IgG ELISA, respectively®* Virus was isolated on
C6/36 cells and by mosquito isolation 3

Statistical analysis -
A trend analysis using simple linear regression was per-
formed to determine if there was a change in the number
of blood donations collected during the study period. The
prevalence of DENV RNA was determined by dividing the
number of TMA-positive donations by 'the number of
blood donations collected during? the study penod. Infox-
mation about donor charactensucs (seeTable 1) was
obtained from the ARC's elecizonic donor gatabase and
included date of collection, gender. date of bu'th zip code
of resxdence. zip code of donation S1te, doénation status
{first-time donor or repeat donor), phlebotomy procedure
(whole blood, plateletpheresis, or 1eulcaphere313), and
donation type {allogeneic, directed, or autologous) Both
donor residence and donation site were recoded into the
three regions of Puerto-Rico set by the United States Postal
Service (San Juan Metropolitan Area, west, and east) and
then tréated as binary variables in the analyses (i.e., San
Juan metropolitan area irersus other). Age was stratified by
its median and conS1dered asa bmary categorical variable’
i analyses.

Differences in TMA, p05111v1ty by donor characteristics
were assessed by the Fisher’s exact test and exact logistic
regression. Poteritial covariates identified for inclusion in
the final multivariable model included covariates with a p.
value less than 0. 20 on bivariate analysis. Age was added
to the model a priori given its-association with dengue
infection.? All comparisons were made with the use of a
two-tailed test, and-a Type I error rate of 0.05 was used to
assess significance. -

- RESULTS - _
Atotalof 16,521 blood donations were collected during the
11-week study period (mean, 1502 donations per week
lrange, 281-1864) without a significant trend in. donation
frequency). Twelve donations (0.73 per-1000 donations) -
were TMA-positive, with two or less identified per -
week. Eleven of these .12 ddnations were whole -

-,
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