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Objective: Chronic hepatitis B virus infection is one of the most serious infections and a major
risk factor for deaths from cirrthosis and liver cancer. We estimate age-, sex- and region-specific
prevalence of chronic HBV infection and calculate the absolute number of persons being chronically
infected. ) )

Methods: A systematic review of the literature for studies reporting HBV infection was conducted and
worldwide HBsAg seroprevalence data was collected over a 27-year period (1980-2007). Based aon

f;g; V::'i:?:; ob;erved data, age-specific prevalence and endemicity were estimated on a global level and for all world
Hepatitis B surface antigen (HBsAg) regions for 1990 and 2005 using an empirical Bayesian h:er.archica[ model.

Epidemiology Findings: From 1990 to 2005, the prevalence of chronic HBV infection decreased in most regions. This was
Prevalence particularly evident in Central sub-Saharan Africa, Tropical and Central Latin America, South East Asia
Systematic review and Central Europe. Despite this decrease in prevalence, the absolute number of HBsAg positive persons
Age distribution increased from 223 million in 1990 to 240 million in 2005, Age-specific prevalence varied by geographical
iﬂﬂfze?_idemiologiﬂ studies region with highest endemicity levels in sub-Saharan Africa and prevalence below 2% in regions such as

odeling

Tropical and Central Latin America, North America and Western Europe. Asian regions showed distinct
prevalence patterns with lower intermediate prevalence in South Asia, but up to 8.6% HBsAg prevalence
in East Asia, Strong declines were seen in South East Asian children.

Conclusion: Declines in HBV infection prevalence may be related to expanded immunization. The increas-
ing overzll number of individuals being chronically infected with HBV, and the widespread global
differences in HBV prevalence call for targeted approaches to tackle HBV-related mortality and mor-
bidity. HBV infection prevalence data are needed at country and sub-national level to estimate disease
burden and guide health and vaccine policy.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction of human transmission. The sequelae of HBV infectioninclude acute

and chronic infection, cirrhosis of the liver and primary liver can-
cer. The likelihood of progression to chronic infection is inversely
related to age at the time of infection, Around 90% ofinfantsinfected
perinatally become chronic carriers, unless vaccinated at birth, The
risk for chronic HBV infection decreases to 30% of children infected

between ages 1 and 4 years and to less than 5% of persons infected
as adults [1,2].

Knowledge of region- and age-specific prevalence of hepatitis
B infection is important for evaluating vaccination programs and
national disease prevention and control efforts. Furthermore, any
modeling and assessment of the disease burden associated with the
hepatitis B virus (HBV) requires prevalence estimates. o far, global
studies on HBV seroprevalence are limited and comprehensive data

are not available for many countries. In addition, demographic
changes and expanded vaccination can create new epidemiological
patterns of the virus which impact on region-specific endemicity
levels.

HBVis spread predominantly by percutanecus or mucosal expo-
sure to infected blood and other body fluids with numercus forms

* Cortresponding author. Tel.: +41 22 791 1511
E-mail address; wiersmas@who,int (5T, Wiersma).

0264-410X}§ - see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2011.12.116

Chronic HBV infection progresses nonlinearly through 3-4
phases, from the immune-tolerant phase to immune clearance or
immunoactive phase, to nonreplicative inactive phase and possible
reactivation [3,4]. After infection with HBV, most patients either
develop immunity (87-90%) and clear the infection or become
chronic carriers. A lower percentage will develop liver disease or
chronic active hepatitis with an increased risk of developing cir-
rhosis, liver cancer or both [5]. The fatality of these diseases as well
as their attribution to hepatitis infection is well known: 600,000
HBV-related deaths were estimated to occur annually {6] and 73%
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of all liver cancer deaths worldwide are due to hepatitis viruses,
with much higher proportions in low and middle income countries
171

The complex serology and natural history associated with HBV
infection creates challenges for the assessment of HBV prevalence
and the provision of comparable global estimates. This is due to
the availability of multiple laboratory matkers for hepatitis B infec-
tion. Antibodies and antigens associated with this infectioninclude
hepatitis B surface antigen (HBsAg), antibody to hepatitis surface
antigen {anti-HEBs), antibody to hepatitis B core antigen (anti-HBc),
and [gM antibody subclass of anti-HBc (IgM anti-HBc). Sorne studies
also report markers of high HBV replication such as hepatitis B “e”
antigen (HBeAg), antibody to HBeAg (anti-HBe), and quantitative
HBV-DNA.

HBsAg is the main clinical marker indicating acute or chronic
infection and prevalence as well as endemicity of HBV infection
is defined by the presence of HBsAg [8]. HBsAg testing is the
primary way to identify persons with chronic HBV infection and
several characteristics of this serological marker increase the pre-
cision of HBsAg estimates, including high specificity, long serum
persistence, low possibility of chronic cases losing HBsAg [3,8,9].
However, routine population surveiliance of chronic viral hepati-
tis is currently rare. Standardized monitoring would help not only
in quantifying the disease burden on a population level but also
in determining the characteristics of infected individuals, avoid-
ing further transmission and allocating appropriate treatment. This
is particularly important for populous countries that have been
previously categorized as highly endemic for chronic hepatitis B
infection such as China, Indonesia, Nigeria and parts of Africa and
Asia, where an immense absolute number of people live with the
virus [6,8]. However, up to date region-specific and globally com-
parable chronic HBV prevalence data are lacking and no relevant
meta-analysis has been published on this topic. In addition, the
absolute nurnber of individuals being chronically infected with HBV
is not known.

In the light of this gap, the objective of our study is to estimate

" age- and region specific HBsAg prevalence in 1990 and 2005 by con-
ducting a systematic review and modeling HBsAg prevalence. This
investigation is part of the Global Burden of Diseases, Injuries, and
Risk Factors Study, which carries out complete systematic assess-
ments of global data on disease and risk factors in order to produce
comparable estimates for two time periods, 1990 and 2005.

We provide detailed HBsAg prevalence estimates that are cate-
gorized by the 21 regions as defined by the Global Burden of Disease
Study and geographically mapped by endemicity level. The Global
Burden of Disease regions are based on geographic regions or con-
tinents and are grouped based on child and adult mortality levels
and major causes of death in each country {see Section 2).

2. Methods
2.1. Systematic review

A systematic review of published literature and data was con-
ducted toidentify articles reporting prevalence of hepatitis B, C,and
D virus infection for all countries over a 27-year period, from 1980
to 2007. Articles published in this time frame wereincluded regard-
less of when the data were collected. Within each database, medical
subject heading terms and freetext search terms were included to
identify article abstracts that contained (1) a term related to the
hepatitis B, C or D virus or their markers of hepatitis infection and
(2) a term related to either prevalence, incidence, or disease burden
{search terms available by request from the author). Results were
" restricted to original research articles in English. Abstracts were
screened and were required to report hepatitis B or C prevalence

orincidence, Where abstracts were incomplete or missing, the full-
text article was retrieved and reviewed manually to determine if
it reported prevalence of hepatitis B or C virus infection. A total of
6064 English citations were found (3273 Medline, 2283 Embase,
508 Cinhal). Review articles, outbreak investigations and national
infections disease notification reports were excluded since they
provide information on incident or acute cases. Data reported in
the article had to be reasonably representative of the general pop-
ulation rather than conducted among a special high-risk group {i.e.
injecting drug users, HiV-positive individuals) or a population that
was selected based on a risk factor for viral hepatitis or a condition
associated with hepatitis infection (Fig. 1, exclusion criteria).

After applying manual de-duplication and the exclusion criteria
on the abstract, 1233 articles were obtained (references are listed
in Web Annex 1). These were further screened for the specified
exclusion criteria and for HBsAg as the marker of interest in the full
text before country-specific prevalence information was extracted.
For one country, the United States (US), a representative primary
national data source was available and data were included cnly
from articles reporting prevalence from the Naticnal Health and
Nutrition Examination Survey {NHANES) [10,11].!

Articles only reporting HCV marker (222) and those reporting
summary or other markers of HBV { 82} were excluded; 396 articles
were determined to meet all eligibility criteria,

2.2. Analysis and modeling of data

Age-, sex- and country-specific HBsAg seroprevalence data were
extracted. Additional information obtained was: primary author,
year of publication, number of individuals tested for HEsAg, lab-
oratory test/method, and study year. If the year was missing, two
years prior to publication was assumed as the study year. In case
age was not further specified, it was imputed based on contextual
information such that pregnant women and those giving birth were
assumed to be 15-49 years, army recruits and soldiers between 18
and 45 years, blood and organ donors between 17 and 65 years,
and school children between 5 and 15 years. Extracted data were
grouped according to 21 Global Burden of Disease Regions (Web -
Annex 2) and assigned a quality rating based on population size,
sampling and representativeness of the general population. Using
the extracted study seroprevalence data, prevalence of HBsAg was
modeled using Dismod Il v3.0, 2 generic disease modeling system

[12]. DisMod Ill aims to synthesize data to generate estimates of the
disease burden agsociated with mora than 200 diseases and over
20 major risk factors for the Global Burden of Disease 2010 study
[13]. DisMod Il models multiple disease parameters, including inci-
dence, prevalence, remission, and mortality, in order to ensure
consistency among the parameters. Data on each of these parame-
ters are synthesized using a hierarchical empirical Bayesian model
to rnake estimates for 21 world regions based on observed data in
each modeled region, data observed in otherregions, and data from
other time periods (by estimating a time trend). Briefly, Dismod
[l first fits an empirical prior estimate separately for each disease
parameter (&.g., prevalence and incidence). The empirical prior has
the following elements: geographic hierarchy, in which estimates
for each region are informed by data from the same region and (to
a lesser extent) data from other regions; a flexible age pattern; a
linear time trend; and an offset for data on males. Second, for each
time period (1980-1996 and 1997-present), sex, and region (of 21
world regions), Dismod fits a Bayesian mode] using all data in that

! The definition of chronic HV infection and the respective marker used slightly
varied by peried of survey canduction. From 1988 on, HBV infection was defined ag
the presence of anti-HBe and HBsAg. We have included this estimate since all HBsAg
positive individuals should be expected to have anti-HBc.
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Total number of English citations
having Hepatitis B, C, or D indicator in
title or abstract: 6064

Citations meeting initial search criteria
after abstract screened: 1233

Articles meeting expanded search
criteria and including relevant markers
(HBV and HCV): 806 -

Articles read and abstracted for HBV:
. 582

Exclusion due to

- dugication (1398)

- abstract not reporting prevalence, incidence or hepatitis marker
(1950)

- abstract reports hepatitis marker but study type and quality not zpproprizte

(surveillante and case reports, missing tenominator, selection
based on hepatitis case) (1439)

- high risk groups (prisoners, lymphoma and rheumatology
associzled with hepatitis, iiver and stomach cancer patients)

- reviews (42) and articles not accessible (4)

Exclusion due to

- article not reporting HBY or HCV marker (HDV reporting only
dropped), high risk groups included (374}, from multiple regions (18),
immigrant popilations (33) and adoptees (2)

Articles anly reporting HCV marker (223}, or HBV marker among HGV-
positive individuals (1)

Articles reporting HBV marker other than HBsAg or HBV marker
not further specified but meantioned as category (B2)

Aiticles read and abstracted for

HBsAg:
500
l """""" “P  Adicles excluded after additional exclusion critesia® applied In full text
(104)

Arlicles meeting all inclusion criteria:
396

Fig. 1. Flowchart of article screening.

*Additional exclusion criteria applied in full text screening and not identified as such during first article review.

{a) Populations of persons at high risk for hepatitis including those with diseases related to HBV such as acute{viral) hepatitis cases, liver cancer, and ¢irrhosis: HIV-positives.

{b) Other high risk study populations and highly defined populations such as prisoners, HIV/STD clinic attendees indicating recently acquired sexually transmitted disease,
sex workers, multi-transfused patients, drug addicted individuals and injecting drug users, liver transplant recipients, refugees, homeless people,

{c) Reports of acute diseases surveillance (reporting incident cases, acute cases or rates per 160,000 population).

{d) Reports and data that are incomplete (e.g. number tested not provided or below 20).

(e} Citations reporting HBsAg prevalence in the US other than NHAMNES prevalence.

time~sex-region group and empirical priors for all epidemiological
parameters, generating posterior estimates of incidence, preva-
lence, remission, and mortality that are internally consistent. In
our model, the empirical priors for incidence, remission, and mor-
tality were uninformative; thus the posterior was informed only by
prevalence data. Like the empirical prior, the posterior models also
incorporate linear time trends, flexible age patterns, and offsets for
data on males. Applying region-specific population figures for 1990
and 2005, age- and region-specific HBsAg prevalence was used to
calculate the absclute number of individuals chronically infected
with HBV.. ]

For the purpose of generating endemicity maps, endemicity lev-
els of HBsAg were defined as [ow (<2%), lower intermediate (2-4%),
higher intermediate (5-7%) and high (>8%). HBsAg infection lev-
els have traditionally been described according to three categories
of endemicity indicating the proportion of the population being
seropositive for HBsAg [8,14]. However, given that there are regions
very close tolow endemicity (<2%)(e.g. 2.0% prevalence among chil-
dren in Western Europe and Central Latin America in 2005) and
others rather close to high endemicity (=8%) (e.g. 7.8% prevalence

among adults in Eastern Asia in 2005) the split of the intermediate
category better reflects regional differences and their implications.

3. Resulis

We identified 396 studies of HBsAg prevalence after applying
all inclusion and exclusion criteria. To illustrate global endemicity,
estimated and categorized HBsAg prevalence in 2005 is shown in
Map 1 for children (5-9 years) and in Map 2 for adults (19-49 years)
applying world population age weights.

The pattern of age-specific HBsAg prevalence varied greatly by
region and the trend of a decreasing prevalence with age was more
evident in 1990 as compared to 2005, where some regions, e.g.
South East Asia showed an exceptional increase with age, For rmost
regions, predominantly Tropical Latin America, West sub-5aharan
Africa, Australasia, and North Aftrica, Figs. 2-5 indicate an overall
decrease in HBsAg prevalence between 1990 and 2005, East Asia
and Western Europe experienced some increase.

Clobal differences between males and females were small,
although females had a lower overall HBsAg prevalence of 3.5% in
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Table 1
Overview: Global HBsAg and people chronically infected.
Year Males Fernales Both
Persons HBSAg positive Prevalence Persons HBsAg positive Prevalence Persons HBSAg positive Prevalence
1990 118 miltion 44 105 mitlion 40 223 million 42
2005 127 million 3.9 113 million 35 240 miltion 3.7

2005 compared to 3.9% in males. We estimated 240 rnillion people
chronically infected worldwide in 2005 {Table 1).

3.1. HBsAg prevalence by GBD world region
(Tables 2-5: Web Annex 3) N

HBV prevalence was most common in sub-5aharan regions of
Africa. Western sub-Saharan African countries had some of the high-
est age-specific HBsAg prevalence in the werld reaching up to 12%
among children and adolescents in the age-groups up to 19 years in
1990, Although there was a decrease in 2005, the region continued
to have high HBV endemicity, which is more pronounced among
males. .

Anincreasein chronic HBV infection among younger age-groups
(0~14 years) occurred in Southern sub-Saharan Africe in 2005 com-
pared to 1990 that resulted in age-specific prevalence of 8-9%
among young females. Also Eastern sub-Saharan African countries
faced an increase in the youngest ages and almost no change in
other age-groups. In 2005, prevalence peaked at approximately 7%
in0-4 years aged boys and girls and declined with age in thisregion,

A decrease in prevalence was evident in Central sub-Saharen
Africa which transitioned from high endemicity among younger
individuals (age-groups up to 34 years) in 1990 into intermediate
endernicity across all ages in 2005.

North Africa and the Middle Eastern region showed lower
intermediate HBsAg endemicity across all age-groups in 2005.
Prevalence decreased from 1990 to 2005, particularly among males
up to 34 years,

The prevalence in high-income countries of North America
(Canada and the United States) was low and declined among both
sexes and across all ages between 1990 and 2005. Males had higher
HBsAg positivity than females in both perieds, peaking in the male
0-4 years age-group at 2.71% and 2.14% in 1990 and 2005, respec-
tively. The oldest ages {65+ years) showed the lowest prevalence of
approximately 1% in 2005.

Both Tropical Latin America and Cenéral Latin America demon-
strated a strong decrease in HBsAg prevalence between 1990 and
2005, Tropical Latin America changed from an intermediate into a
low endemicity region. Where 0-9 year aged boys had a higher
intermediate endemicity of over 5% in 1990, HBsAg prevalence
was oply 1.6% in 2005. Similarly, in Central Latin America preva-
lence has halved in this period and most adult age-groups shifted
to a low endemicity level in 2005. Other Latin American regions
such as Andean Latin America and Southern Latin America showed a
decreasing prevalence by age but relatively constant intermediate
endemicity levels. A slight decline in prevalence from 1990 to 2005
among Andean Latin Americans was paralleled by an increase in
HBsAg prevalence in Southern Latin America.

HBV chronic infection rates in Caribbean children and adoles-~
cents aged 0-19 years ranged from 4.3% to 5.4% and was fairly
constant over time. HBsAg prevalence decreased with age.

In the island natiopns of the Pacific and Indian Oceans (Ocea-
nia), HBsAg was highly endemic among men and women in 1990,
peaking at approximately 10% in men aged 10-34. The decrease
in prevalence up to 2005 led to a shift into a higher intermediate
endemicity level among the age-groups up to age 54 and into a
lower intermediate endemicity level in older adults (55+).

Among the European regions, seroprevalence of HBsAg showed
consistently low prevalence in Western Europe. This was particu-
larly true for females who had prevalence below 2% throughout the
time periods. Nevertheless, between 1990 and 2005, an increase in
both sexes was observed that led to a change from initially low
endemicity in young males to a low-intermediate endemicity level
in 2005; this was accompanied by a decrease in prevalence in the
older individuals {65+ years). Central and Eastern European chil-
dren had a higher intermediate HBsAg endemicity in 1990, which
decreased in 2005. Older Central European females in particular
demonstrated a strong HBsAg prevalence decrease up to 2005,
Prevalence in infant and young girls declined from 6% in 1990 to
3% in 2005 in this region. In contrast, Eastern European countries
did not experience as strong a reduction in HBsAg prevalence in the
youngest age-groups. In both Central and Eastern Europe the age
group 0-9 years remains the most affected by HBsAg infection.

Among all Asian regions, East Asia had the highest prevalence of
HBV infection and there was not much of a change between 1990
and 2005 apart from a slight decrease in children and an increase
in all age-groups abave 25 years in 2005 as compared ta 1990, In
1990, prevalence decreased in both sexes with age, but increased
with age in 2005 and showed the highest prevalence of over 8%
among males aged over 35 years. Generally, endericity remains
at high or close to a high endemicity in this region, which is par-
ticularly true for males. Intermediate HBsAg endemicity was also
estimated for Central Asia, which includes the Caucasus and central
Asian countries, A small decrease was observed between 1990 and
2005 but Central Asian children and younger adults had an HBsAg
prevalence of around 5% in 2005. In South Asia, approximately 3%
of the population up to age 45 was HBsAg positive with a decrease
in older individuals who demonstrated a low prevalence in 2005.

Unlike other Asian regions, South East Asia experienced a strong
reduction in HBsAg prevalence between 1990 and 2005, particu-
larly in the young age groups of 0-14 years that had prevalence
levels of 1.2-1.4% in 2005. In contrast, South East Asian adults
appeared to continuously have higher-intermediate HBsAg preva-
lence of 5% to over 6% in 2005. The pattern of an increasing
prevalence with age was very pronounced in 1990 and rather
exceptional compared to the other regions.

Some reduction in HBsAg prevalence between 1990 and 2005
occurred alsoin high income Asian Pacific countries including Japan,
the Republic of Korea, and Singapore, The middle ages (25-54) were
the most affected age groups but overall, endemicity remained at
an lower intermediate level of approximately 4% in 2005. Interest-
ingly, in 1950 the oldest age-groups of over 75 yearshad the highest
prevalence among all age-groups.

Australasian countries experienced a reduction in HBsAg preva-
Ience and were categorized as a lower intermediate endemicity
region in 2005. Males of all age-groups had prevalence in the range
of 4% in 2005 whereas 2-3% of females up to age 55 were affected
by chronic HBV infection with a sharp increase in the oldest age-
groups.

4, Discussion

We found a very large burden of HBsAg infection in all sub-
Saharan African regions, East Asia and, to alesser extent, in Oceania
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and Andean Latin America. Most other regions with high and
middle income showed a mix of lower and higher intermedi-
ate HBV endemicity. Only a few regions demonstrated prevalence
below 2% throughout most age-groups. Among these were Tropical
Latin America, Central Latin America, North America and Western
Europe. There was an ovérall decrease in HBsAg prevalence from
1990 to 2005 in younger age-groups, which may be closely related
towidespread hepatitis Bimmunization, particularly in low income
regions. Significant decreases in HBsAg prevalence due to immu-
nization were reported from African countries such as the Gambia
[15,16] and Senegal [17]. However, the infection remains extremely
prevalent in sub-Saharan Africa and the attributable HBV-related
disease burden can be expected to remain high. Thisis also reflected
in a high mortality from primary liver cancer, one sequelae of
chronic HBV infection and the most frequent cause of cancer deaths
among men in this region [18].

The observed decreases in HBSAg prevalence in North America
and Europe were temporally associated with increased hepatitis
B vaccine coverage rates [19], improved screening of blood prod-
ucts and increased availability of safe injection materials [20,21).
The generally low HBsAg endemticity levels in these countries are
paralleled by a steady decline in reported cases of acute hepatitis B
[22,23]. Onthe other hand, the large number of individuals infected
with HBV influences the number of liver cirrhosis and cancer cases
in many world regions including high income countries [24] and
highlights a need for screening and surveillance programs to iden-
tify chronically infected individuals and thereby prevent further
transmission as well as to provide opportunities for secondary and
tertiary prevention [3].

Asian countries, for example those in the GBD South East and
East Asian regions, have also has experienced dramatic increases
in coverage of routine infant hepatitis B vaccine that were accom-
panied by a reduction in HBsAg prevalence. The impact of this
decrease in HBsAg prevalence was also measurable in a substantial
reduction in the HBV-related disease burden in countries that were
highly endemic in the past e.g. Taiwan [25,26] and China [27,28].

Strengths of this study include the extensive systematic litera-
ture review and the use of an empirical Bayesian hierarchical model
to estimate region-specific HBsAg prevalence and endemicity and
to subsequently calculate the absolute number of people being
chronically infected with the HBV.

This study has a number of limitations. Observed HBsAg preva-
lence data are lacking in some regions and the quality of studies
reporting these data is often low. Middle- and low income regions,
e.g. Oceania, Central Asia, and Andean Latin America had a lim-
ited evidence base or studies were concentrated on one country
as is the case with India as part of the South Asian region or
Thailand located in the South East Asian region. Accordingly. sim-
ulations of prevalence may lead to potential underestimation of
the true regional profile, particularly if studies weére more likely
to be conducted in countries with higher economic standards and
better research infrastructure. To address issues of representa-
tiveness, grey and non-English literature should be considered in
future studies and there is a need for generating more high qual-
ity data from low resource settings. Most high quality studies were

conducted in high incorne countries, for example the Western Euro- -

pean region. Nationally representative, population-based studies
reporting HBsAg prevalence were only available from the US.
Anotherlimitation is related to factors that were not considered
in our analysis such as genotype information. it is known that viral
genotypes vary between and within countries, depending on the
populations at risk and their geographical origin. Very few HBV
prevalence studies report on genotype and the genotype-specific
HBV distribution by country has not been sufficiently studied. As
a result, we did not adjust for this information, which might be
crucial given the fact that some genotypes are associated with more

severe disease or clinical response to treatment [29-31]. Similarly,
the laboratory method used to detect HBsAg was only reported in
a few studies and we did not consider this factor in the analysis,
which could impact the comparability of HBsAg prevalence across
studies,

Since the overall objective of this study is to provide a regional
picture of HBV prevalence, the results do not capture the potential
heterogeneity that-exists between sub-populations within a coun-
try. It should be noted that some low endemicity areas in Western
Europe and North America face great intra-country variation with
higher prevalence and higher hepatitis-related mortality among
tnigrants [32-35] and additional country-specific data would be
crucial for comprehensively guiding national hepatitis B prevention
and control programs and targeting rmost vulnerable population
groups.

Prevalence data obtained from systematic reviews and model-
ing should be interpreted conservatively. Descriptive epidemiolog-
ical research conducted in high income areas may generally focus
more on marginalized and higher risk populations whereas studies
from low income regions may focus on urban and higher educated
populations that experience lower infection rates than those living
in poorer areas. As a result, the prevalence of chronic HBV infec-
tion reported in this study could be overestimated for high income
regions and underestimated for low income regions. This would,
however, increase the estirmated differences between these regions
and support our findings.

There is a need for systematically collected and population-
based HBV infection data. Data on other markers of HBV such as
HBeAg and anti-HBc¢ are alse needed to describe current and future
HBV-related disease burden. :
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Background. Genetic variations of human immunodeficiency virus (HIV), hepatitis C virus (HCV), and
hepatitis B virus (HBV) can affect diagnostic assays and therapeutic interventions. Recent changes in prevalence of
subtypesfgenotypes and drugfimmune-escape variants were characterized by comparing recently infected vs more
remotely infected bloed donors. .

Methods. Infected donors were identified among approximately 34 million US blood donations,
2006-2009; incident infections were defined as having no or low antiviral antibody titers. Viral genomes
were partially sequenced.

Results, Of 321 HIV strains (50% incident), 2.5% were non-B HIV subtypes. Protease and reverse
transcriptase (RT) inhibitor resistance mutations were found in 2% and 11% of infected donors, respectively.
Subtypes in 278 HCV strains (31% incident) yielded la>>1b>3a>2b>2a>4a>6d, 6e: higher frequencies of 3a in
incident cases vs higher frequencies of 1b in prevalent cases were found (P = .04). Twenty subgenotypes among
193 HBV strains (26% incident) yielded higher frequencies of A2 in incident cases and higher frequencies of
Al, B2, and B4 in prevalent cases (P = .007). No HBV drug resistance mutations were detected. Six percent of
incident vs 269% of prevalent HBV contained antibody neutralization escape mutations (P = .01).

Conclusions. Viral genetic variant distribution in blood donors was similar to that seen in high-risk US
populations. Blood-borne viruses detected through large-scale routine screening of blood donors can complement
molecular surveillance studies of highly exposed populations.

Volunteer (nonremunerated) blood donors provide
whole blood and apheresis blood components used for
transfusions as well as plasma for manufacture into
therapeutic plasma derivatives. Past injection drug users
(IDUs) and men who have had sex with men {MSM)
since 1977 are currently excluded from donating. All
donations in the United States are screened for
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antibodies to human immunodeficiency virus (HIV),
hepatitis C virus (FICV), and hepatitis B virus (HBV), as
well as for HIV and HCV RNA and HBV surface antigen
{HBsAg); HBV DNA screening was widely implemented
in 2009. Antibody and/or RNA/DNA/antigen-positive
donors are notified, counseled, and excluded from further
donation; all donations from viral marker-reactive donors
are destrayed or used for research.

Blood donor screening can provide an efficient
geographic and demographic sampling of individuals in-
fected with these viruses that differ from the
predominantly high-risk MSM and IDU populations
that are the subjects of most viral molecular epidemio-
logical studies. By routinely identifying recently acquired
or incident infections, blood donation screening also
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provides an opportunity to analyze very recently iransmitted
viral strains at the forefront of currently active transmission
chains. In this study, plasma samples from donors containing
HIV, HBV, and HCV nucleic acids were classified as either
recently acquired (incident) infections containing no or low
concentrations of viral antibodies, or longer-term seropositive
{(prevalent) infections. Viral subtypes, drug resistance, and
immune escape mutations were determined from representative
incident and prevalent infections.

MATERIALS AND METHODS

Suvbjects, Specimens, and Case Definitions

This study included qualifying donations from 1 January 2006
through 31 December 31 2009 from 3 Retrovirus Epidemiology
Danor Study-II (REDS-II) blood centers (Blood Centers of the
Pacific, Blood Center of Wisconsin, and Hoxworth Blood
Center/University of Cincinnati), all American Red Cross {ARC)
Blood Services regions with data and samples provided through
the Scientific Support Office in Gaithersburg, Maryland, and
United Blood Services regions and the New York Blood Center
(NYBC), with samples provided by Blood Systems Laboratory
in Tempe, Arizona. Together, these centers account for
approximately 70% of the US blood supply.

Data provided for all confirmed-positive donations included
the date of donation, first-time/repeat donor status, date of
birth, state of residency, racefethnicity (if available}, and sex.
Screening and confirmatory test results for HIV and HCV nu-
cleic acid testing (NAT), HIV and HCV antibody (Ab), HBsAg,
and anti-HBV core antibody (anti-HBc} were also provided.
Serologic and NAT screening and confirmatory testing were
petformed according to previously described algorithms using
Food and Drug Administration (FDA)-licensed assays with
documented performance characteristics including analytical
sensitivities of NAT assays ([1—4]; see Appendix), Centers were
requested to send residual test samples or samples from retrieved
plasma units for all donors who qualified for study. Samples
were stored at =—20°C prior to testing,

Informed Consent and IRB Approvals

Institutional review beard (IRB)-approved information sheets
were provided to donors explaining that (1) surplus samples of
their donations may be used for research purposes, (2) future
research may be performed with the donor’s blood without
further consent if the IRB considers the research to be of neg-
ligible risk, (3) he or she will be contacted for additional consent
depending on the nature of further research as determined by
the IRB, and (4} the donor will be notified of any medically
relevant information. IRBs representing each blood organi-
zation and the REDS-II Data Coordinating Center (Westat)
approved the study protocol and determined that data re-
lated to HIV drug resistance mutations should be provided

to donors as this may impact their treatment strategies;
blood donors were not notified of other study results.

Sample Selection
The goal was to sequence samples from 150 incident and 150

_prevalent cases for each virus over the 4-year study period.

Samples with adequate volume from cases were consecutively
selected from the contributing sites starting with donations
made on January 1 2006 until the desired number of cases from
a site was reached, Due to large numbers of HCV- and HBV-
prevalent cases, site-specific sample numbers were based on
proportions established by weighting the number of such
donations detected by center in 2004 prior to study initiation.
For donors selected for study with reported coinfections, each
infecting virus was sequenced.

Viral Nueleic Acid Testing

Qualitative assays for HBV DNA (HBV Ampliscreen; Roche) were
performed on HBsAg-positive/anti-HBc-negative donations to
exclude possible incident cases that were likely due to false HBsAg
positive results [1]. Viral load distributions were determined for all
available samples that could not be amplified for sequence anal-
ysis, as well as a representative subset of successfully genotyped
cases (Abbott RealTime HIV-1, HCV, and HBV Assays, Abbott
Laboratories). All tests for this study, except for viral load deter-
minations performed at Abbott Laboratories and routine donor
screening and confirmation performed at blood center testing labs,
were performed at the Blood Systems Research Institute.

Incidence Tes.ting

Incident infections among HIV RNA-positive donors were
defined as samples that were HIV-antibody negative or
HIV-antibody positive with a less sensitive (LS) or “detuned”
enzyme immunoassay (ELA: Vironostika HIV-1 MicroElisa;
bioMérieux) with standardized-optical-density (SOD) ratio
<1.0 using the serclogic testing algorithm for recent HIV
seroconversion, indicating that the infection was probably
acquired <6 months prior to blood donation [5-7]. Con-
versely, HIV antibody-positive donations from first-time
donors with LS-EIA SOD ratios =1.0 were defined as HIV-
prevalent infections [8]. HCV RNA—positivé and HBsAg-
positive donations were classified as incident if anti-HCV and
anti-HBc antibody tests, respectively, were nonreactive. HCV
RNA and antibody positive donations were considered HCV-
prevalent cases. HBsAg-positivefanti-HBc-reactive donations
were considered HBV-prevalent infections. Starting with 2008
donations, HBV- and HCV-seropositive samples from repeat
donors with a prior negative donation within the prior 2 years
were also included as incident cases.

HiV, HCV, and HBY Sequencing
Total nucleic acid was extracted from 140 to 280 pL of plasma
with QiaAMP Viral RNA Mini Kit or on a 96-well robotic
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platform (QIAxtractor with Reagent Pack VX, Qiagen).
Complementary DNA for HIV and HCV was synthesized
using M-MLV reverse transcriptase and random primer
(0.5 pgful} according to the manufacturer’s instructions
(Proinega) and stored at —20°C.

Nested PCR was used to amplify an informative region of
each virus. For HIV, a fragment of 1275 base pairs (bp) was
amplified, including the protease and reverse iranscriptase
genes, using previously described PCR primers and conditions
[9]. For HCV, a fragment of 363 bp in the core gene was am-
plified [10]. For HBV, a frégment of 2015 bp, including the
envelope and polymerase genes, was amplified {Supplementary
Methods in Appendix).

Sequence Analysis

Sequences were edited using Sequencher (version 4.3, Gene Co-
des Corporation). For HIV, the calibrated population resistance
tool [11, 12] available through the Stanford University HIV Drug
Resistance Database [13, 14] (http://cpr.stanford.edu/
cpr.cgi) was used to determine subtype and identify trans-
mitted drug resistance mutations in untreated persons.
Mutations listed as causing or contributing to resistance are
nonpolymorphic in untreated persons and apply to all HIV-1
subtypes in accordance with World Health Organization
guidelines.

HCV sequences were subtyped using 2 online tools: the
Oxford HCV subtyping tool (http://www.bioafrica.net/rega-
genotype/html/subtypinghcv.html), a method based on phy-
logenetic analysis, and the NCBI viral genotyping tool, based
on 2 sliding-window BLAST comparison (http://www.ncbi.nm.
nih.gov/projects/genotyping/formpage.cgi).

HBYV genotypes were determined using 2 online tools: Oxford
BV subtyping tool (http//www bicafrica.net/rega-genotypef
htmb/citetoothbv.html), a method based on phylogenetic anal-
ysis [15, 16), and the STAR genotyping tool available online
at the University College London Center for Infection and Im-
munity (http://www.vgb.ucl.ac.uk/starnshtnl). The STAR tool
uses distances to refercnce genomes and a statistical model to
assign genotypes [17]. The polymerase sequence was checked
for drug resistance mutations using the mutation annotator
tool available online at the HepSEQ-Research Database System
website  (http://www.hepseq.org/Public/Web_Front/main.php).
To identify potential antibody neutralization escape muta-
tions, a list of mutations from the literature was compiled {18,
19], and sequences were manually aligned and compared with
the reference list. GenBank accession numbers are JN214594-
JN215208 and JN604118-JN604319.

Statistical Methods

Fisher exact test was used to compare the variant (subtype,
genotype, and drug resistance mutation) distribution among
incident cases to that among prevalent cases for each virus. Be-
cause molecular characterization could not be performed for all

submitted cases, logistic regression was used to assess the ability to
successfully characterize viral strains as a function of viral load and
donor type (e, incident vs prevalent cases). Analyses were con-
ducted using SAS 9.2 software (SAS Institute).

RESULTS

HIV, HCV, and HBY Infection Rates and Demographic
Characteristics

From 1 January 2006 through 31 December 2009, the par-
ticipating blood organizations screened 33 947 146 allogeneic
donations, including 5 968 986 (17.6%) from first-time and
27950 520 (82.3%) from repeat donors; prior donation status
information was not provided for 27 640 (0.1%) donations.
For each virus, frequencies were generated by donor status
(first-time vs repeat) and donor demographic characteristics
(sex, race/ethnicity, geographic region, and age) {Table 1).
A disproportionate risk of infection by all 3 viruses was noted
for first-time, male, black, and Hispanic donors, except for
HBV where infection rates were the highest among Asians,
consistent with prior findings (Table 1} [1, 2, 20-22].

HIV Subtypes and Drug Resistance Profiles
A total of 438 donation samples from HIV confirmed-positive

“donors were selected for sequencing from the 1056 submitted

samples (Figure 14). The 200 incident cases selected for
viral sequencing included 3¢ RNA-positive, antibody-negative
{NAT yield) donations and 166 of 210 donations classified
as recent seroconvertors based on low antibody titers by
LS-ElAtesting. A total of 238 of 320 prevalent HIV infections from
first-time donors with high-titer antibody reactivity indicating
long-standing infections were selected for further testing,

Of the 438 processed samples, 321 (73%) were successfully
amplified and sequenced including 159 incident and 162 prev-
alent cases. Successful PCR amplification correlated with the
viral load (P < .0001) Incident infections were 2.8-fold (95%
confidence interval, 1.6-4.7) more likely to be genotyped than
prevalent infections due to their higher viral loads (Figure
1B}. Combining incident and prevalent cases, the success of
obtaining sequences was approximately 10% if viral load was
<1000 copies/mL, approximately 509 at 1000-10 000 cop-
ies/mL, and >90% if >10 000 copies/mL.

Of sequenced HIV strains, 97.5% (313) belonged to subtype
B and 2.5% (n = 7) belonged to non-B subtypes: 4 subtype C
(3 prevalent and 1 incident), 2 recombinant subtype CREF-02
(both incident) and 1 subtype D (incident) (Figure 1C). The
number of non-B subtypes was too low to evaluate differ-
ences in frequency between incident and prevalent cases.

Four strains, all from incident cases, contained only protease
inhibitor resistance mutations, and 33 strains (21 incident and 12
prevalent cases) contained only reverse transcriptase (RT) in-
hibitor resistance mutations (including 18 strains with only
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Table 1.

Numbers and Rates of Total Allogeneic Donations From Human Immunodeficiency Virus, Hepatitis € Virus, and Hepatitis B

Virus Gonfirmed-Positive Donors by Donor Status {First-Time, Repeat) and Donor Demegraphic Characteristics Collected From 2 January

2006 Through 31 December 2009

Total Allogeneic  All HIV Rate per 100 000  AIlHCY  Rate per 100000 Al HBY  Rate per 100 000
Characteristics Donations Positive Donations Positive Donations Positive Denations
- A R e TR TR el
Donor status® | .. i .

 Repeat donors 27950520 423

1 354 ‘:§91
783

121

S

5 90%.81

227
1482 979

Abbreviations: CDC, Centers for Diseasa Control and Prevention; HBY, hepatitis B virys; HCV, hepatitis C virus; HIV, human immunodeficiency virus,
* Donations that did not have information for donor status, sex, racefethnicity, COC region, or age were excluded.

non-nucleoside reverse transcriptase inhibitor resistarice mutation
K103N). Two prevalent infections contained both protease
and RT inhibitor resistance mutations (pro-M46LI184V,LI90M and
RT-M41L,D67N,Y181C,M184V,G190A,L210W,T215Y; and pro-
M46L,L90M and RT-M41L,Y181C,T215D). Overall, 39 of 321
(129) sequenced HIV strains showed the presence of a drug re-
sistance rnutation, including 6 (2%) directed to protease in-
hibitors and 35 {11%) to RT inhibitors; these were from 25 of 159
{15.7%) incident and 14 of 162 (8.6%) prevalent cases (P = .06).

HCV Subtypes

A total of 320 donation samples were selected for sequencing
from 8015 HCV confirmed-positive donations {Figure 24},
including 112 of 153 HCV antibody-negative incident cases that
had plasma aliquots available for testing. In addition, 12 incident
cases were included based on antibody seroconversion within

the previous 2 years, resulting in a total of 124 incident HCV
cases, Of the 5446 HCV RNA and antibody-positive donations
from first-time doners with prevalent infections, 196 repre-
sentative samples were selected for molecular testing,

Of the 320 samples processed for PCR amplification, 278

* (87%) were successfully amplified and sequenced including 85

of 112 {68.5%} incident and 193 of 196 (99%) prevalent cases.
Two of the successfully amplified HCV prevalent cases were
coinfections; one donor also had an incident HIV infection and
the second had a prevalent HBV infection. The probability of
successful PCR amplification and sequencing was associated
with viral lpad in the donors’ plasma for both incident and
prevalent cases (P < .0001) but not with whether the donar was
classified as a prevalent or incident case (Figure 2B). All samples
with viral loads <{100 copies/mL were negative for HCV core
amplicons, approximately 50% of samples with viral loads of
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for selection of cases for sequencing. Boxes in gray indicate the donations from which samples were selected for sequencing for, this study.
B, Histograms showing success of polymerase chain reaction {PCR) relative to viral loads; frequencies of donatiens from incident and prevalent

cases are shown separately, C, HIV subtypes of sequenced samples by incident and prevalent case status. Abbreviations; IFA, immunoflugrescence
assay; NAT, nucleic acid testing; WB, Western blot.
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100-1000 copies/mL were successfully amplified and sequenced,
and all samples with viral loads >1000 copies/mL yielded
sequence data.

Eight subtypes of HCV were present with la being the
dominant type in both incident and prevalent cases. The subtype
distribution was 55% (n = 154) 1a, 15% (n = 41) 1b, 13% (n =
36) 33, 11% (n = 31) b, 3% {n = 9) 23, 2% (n = 5) 4a, and
<1% 6d or 6e (n = 1 each) (Figure 2C). Incident donors had

significantly more subtype 3a strains (21% vs 9%) but signifi-
cantly fewer subtype 1b strains (8% vs 18%) than did prevalent
donors (P = .04).

HBY Genotype, Drug Resistance, and Immune Escape Profiles

Of 3061 confirmed HBsAg-positive donations, 321 were
anti-HBc-nonteactive and available (Figure 3A). However,
only 52 of these possible incident infections were HBV DNA
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positive, whereas 235 tested HBV DNA negative, indicating
either false-positive HBsAg nentralization results or recent
receipt of the HBV vaccine with detection vaccine-derived
HBsAg [1]. The 52 DNA-positive donations, plus the re-
maining 34 that were not tested for HBY DNA, along with
2 additional cases where HBV seroconversion occurred within
2 years of the index donation, comprised the 88 incident cases.
Of the 2432 HBsAg confirmed-positive, anti-HBec-reactive
donations from first-time donors, 186 representative samples
were gelected as prevalent infections for molecular testing.

Of the 274 HBsAg-positive plasma samples selected, 193
{70%) had successful amplification and sequencing of the
envelope and polymerase regions. As with HIV and HCV, the
probability of successful PCR amplification and sequencing
correlated with viral load (P << .0001) but not with incident/
prevalent status, Approximately 50% of samples that had
<100 copies/mL were negative for HBV PCR amplicons; in
contrast, 70% of samples with 100-1000 copies/mL and 98% of
those with >1000 copies/mL yielded informative sequence data.

The 193 donor strains successfully sequenced included 51
(26%) antibody-negative incident cases and 142 seropositive
prevalent cases (Figure 3B). A total of 20 HBV subgenotypes were
identified consisting of 72 A2,22 Al, 16 B4, 13 B2,13 Cl1, 11 C2,
8D1,8D2,6D3,5F1,4D4, 4 F1, 3 H,2B3, and 1 each of the
following subgenotypes: A3, B5, C3, C5, F3, and G (Figure 3C).
Incident donors had significantly higher frequencies of sub-
genotype A2 (67%) vs those in prevalent donors (27%) who
showed higher frequencies of subgenotypes Al, B2, CI, and
D2 (8%-14% vs 0%~4%; P = .007).

Sequence analysis of the polymerase region of the 193 HBV

strains did not detect any drug resistance-associated muta-
tions. In the envelope sequences, 34 strains showed antibody
neutralization escape—associated mutations, including 31 of
142 {22%) prevalent cases and a significantly lower proportion
(3 of 52 [6%)]) of incident cases (P = .01).

DISCUSSION

HIV subtype distribution varies in the United States de-
pending on the population screened. Generally, the fre-
quency of non-B subtypes has remained low in high-risk

groups such as MSM and IDUs, as well as in non-IDU het- -

erosexuals and blood donors [20-23]. The frequency of non-B
subtype infections was greater in populations enriched for
immigrants from nonclade B epidemic countries or military
personnel who became infected overseas {24-28). The fre-
quency of non-B subtype in blood donors appears to be in-
creasing at only a modest rate over the last 2 decades. Studies
from the 1980s of seropositive donors and recipients of
blood preducts found no nonclade B infections [23), whereas
studies of seropositive donors from the 1990s identified
approximately 1% nonclade B infections {7}; more recent

studies of infected donors identified since 2000 reported
rates of nonclade B infection in the 2%-5% range [3, 20, 22],
similar to the 2.5% rate documented here.

Because the samples analyzed here were from asymptomatic
blood donors who denied knowledge of their HIV infection,
their drug resistance mutations are likely attributed to resistant
virus acquired from their sources of infection who are presumed
to have been on antiviral therapies. The frequency of HIV drug
resistance mutations among blood donors trended but was not
significantly higher in incident vs prevalent infections (P = .06).
A stable frequency of drug resistance mutations also applied
when resistance to the more recently introduced protease and
the longer used RT inhibitors were analyzed separately. The
frequency of transmitted drug resistance mutations appears to
be stable among blood donors based on comparisons of rates
among incident and prevalent infections in this study and in
prior studies of HIV in US blood donors [3, 7, 201, an ob-
servation in keeping with reported rates of transmitied drug
resistance mutations in high-risk untreated groups [29-32].

There are currently 7 HCV genotypes that are further sub-
divided into 83 subtypes (http://hov.lanl.govicontent/sequence/
HCV/classification/genotable.htmt) [33] that can vary widely in
their geographic distribution (http:/fhevlanl gov/components/

" sequence/HHLCV/geo/geo.comp). In high-risk groups in the

United States, subtypes la and 1b predominatgz, whereas in most
other countries the majority of HICV infections belong to other
subtypes. Because HCV transmissions in the United States occur
mainly among young IDUs [34] and reinfections can displace
the original resident strain [35, 36), the distribution of HCV
genotypes may rapidly change. Eight HCV subtypes were iden-
tified here with la (55%) and 1b (15%) predominating.
The subtype distribution in prevalent cases was nearly identical
to that reported for HCV-seropositive samples collected in
1988-1994 from a population reflecting that of the US [37],
which supports the validity of our sampling strategy. In this
study, we document a higher frequency of subtype 3a (21% vs
9%) and a lower frequency of 1b (8% vs 18%]} in incident vs
prevalent donors in keeping with a recent analysis showing
decreasing genotype 1 frequencies in younger vs older IDUs

[38).

HBV genotypes also vary greatly in their geographic dis-
tribution. Currently there are 8 genotypes that can be further
subdivided into at least 24 subgenotypes defined as having
>4% nucleotide difference [39]. Twenty of these 24 sub-
genotypes were identified among the 193 sequenced HBV -
strains. When the frequencies of the subgenotypes were
compared, A2 occurred more frequently in incident cases
(67% vs 27%) while Al, B2, and B4 frequencies were higher in
prevalent cases {(8%-—14% vs 0%—49%).

No HBV antiviral drug resistance mutations were ob-
served. Drug-resistant HBV variants may be inefficient at’
transmission and/or establishment of a chronic infection
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or may be underrepresented in the pool of HBV being actively
transmitted by sexual or parenteral routes. Neutralization escape
rutations in the HBV envelope protein were heavily over-
represented in prevalent vs incident HBV infections (22% vs
6%). This observation is consistent with these mutations
having been more strongly selected for in long-term infected
donors in whom a strong antibody response develops than in
very recent, anti-HBc-negative incident cases [40-43].

This study of viral diversity has several limitations. First, the
analysis was restricted to infections detected as NAT or HBsAg
positive by current blood supply screening assays, most of which
were also confirmed antibody positive. Consequently, infections
by highly divergent variants that would not be detected by
these assays would not be identified. Given efforts of test
manufacturers and regulators to ensure that blood donor
screening and confirmatory tests are sensitive to viral variants,
we believe that this issue has limited impact on our findings.
Second, a moderate proportion of donations selected for
moleculdr analysis were not able to be characterized due to
failure of long-amplicon PCR. These results were largely ex-
plained by absence of detectable nucleic acid or lower viral
load in the PCR-refractory samples. It is also well recognized
that all donor screening assays have low but significant rates
. of false positivity, especially if the classification is made only

upon the routine testing results and does not include further
testing of an independent sample such as the retrieved frozen
plasma unit or follow-up denor sample. This is a particular
problem with possible NAT yield samples (e, seronegative
and reactive by a single NAT assay), as evidenced by the high
rate of incident cases with negative PCR results in this study
(Figure 2B}, many of which are likely due to false- NAT re-
sults. Third, we performed bulk sequencing of PCR products
and therefore may not have detected cases of dual infection or
minor populations of drug resistance or immune escape
variants represented in viral quasi-species.

Overall, our analysis indicates that the HIV epidemic is rela-
tively stable in terms of subtypes and transmitted drug resistance
mutations. The HCV data provide evidence of differences in
subtypes between incident and prevalent cases that may be sto-

. chastically driven by random founder effects and/or result from
immigration of infected individuals to the United States. The
HBV subgenotypes also showed evidence of change, possibly
driven by similar epidemiological factors. The relative fre-
quencies of different viral genetic clades and resistance patterns
observed in our study population showed general concordance
with those in populations with admitted high-risk behavior
[44, 45). Molecular characterization of recently transmitted
blood-borne viruses detected through the large-scale routine
NAT and antibody screening of blood donors is therefore
a good complement to studies in highly exposed populations.
As predominant viral strains change over time, sequence data
generated by such blood donor melecular surveillance studies

may be of use to adjust primers used in nucleic acid detection
methods [46, 47], as well as the specificities of antibodies and
antigens used in serologic assays [48-50] in order to maintain
the high sensitivity of blood donation sereening assays.
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Inactivation and neutralization of parvovirus B19 Genotype 3

Johannes Bliimel, Lori A. Rinckel, Douglas C. Lee, Nathan J. Roth, and Sally A. Baylis

BACKGROUND: Parvovirus B19 (B19V) is a common
contaminant of human plasma donations. Three B19V
genotypes have been defined based on their DNA
sequence. Reliable detection of Genotype 3 DNA has
proved problematic because of unexpected sequence
variability. B19V Genotype 3 is found primarily in West
Alfrica, but was recently detected in plasma from a
North American donor. The safety of plasma-derived
medicinal products, with respect to B19V, relies on
exclusion of high-titer donations, combined with virus
clearance al specific manufacturing steps. Studies on
inactivation of B19V are difficult to perform and inactiva-
tion of Genotype 3 has not'yet been investigated.
STUDY DESIGN AND METHODS: Inactivation of B19V
Genotypes 3 and 1 by pasteurization of human serum
albumin and incubation at low pH was studied using a
cell culture assay for infectious virus particles. Infected
cells were detected by reverse transcription—

. polymerase chain reaction analysis of virus capsid
mBNA. Neutralization of B19V Genotype 3 was investi-
galed using human immunoglobulin preparations.
RESULTS: Genotypes 1 and 3 displayed comparable
inactivation kinetics during pasteurization of albumin at
56°C, as well as by incubation at various low-pH condi-
tions {pH 4.2 at 37°C and pH 4.5 at 23°C, respectively)
used in immunoglobulin manufacturing. Both Genotypes
were readily neutralized by pooled immunoglobulin
preparations of North American or European origin.
CONCLUSION: Pasteurization and low-pH treatment
were equally effective in inactivating B19V Genotypes 1
and 3. Neutralization experiments indicated that pooted
Immunoglobulin of North American or European origin is
likely fo be equally effective in treatment of disease
induced by both genotypes.

arvovirus B19 (B19V) is a frequent contaminant
of human blood and plasma donations and has
been transmitted by plasma-derived medicinal
products.'? In healthy immunocompetent indi-
viduals, B19V infections are mostly asymptomatic or-
cause erythema infectiosum. Infection occasionally leads
to arthralgia or arthritis. B19V replication is strictly depen-
dent on dividing erythroid progenitor cells. Therefore,
B19V infection of individuals with underlying hemato-
logic disorders may show transient aplastic crisis. Immu-
nocompromised patients may be infected persistently
with the manifestation of pure red blood cell aplasia and
chronic anemia. Pregnant women are at special risk, since
B19V infection may lead to hydrops fetalis or fetal death.
Three genotypes of B19V have been defined based on
isolates having greater than 10% nucleotide divergence.?
Genotype 1 is the most prevalent type currently circulat-
ing worldwide and is represented by the prototype strain
Au (GenBank Accession Number M13178),* It has been
estimated that Genotype 2 viruses circulated widely
in Europe half a century ago, before they were largely
replaced by Genotype 1.7 Although rare, Genotype 2 B19V
is found sporadically in plasina donations fiom beth
Europe and North America.%® Genotype 3 has been found
predominantly in West Africa (Ghana) and less frequently
in France or other regions.*® The high diversity of Geno-
type 3 viruses could be indicative of a longer evolutionary
history, probably in Africa. Recent studies found Genotype
3 in samples from Europe and Asia or Brazil and indicate
that Genotype 3 may be more widely distributed outside

ABBREVIATIONS: B19V = parvovirus B19; CCIDs = 50% cell
culture in_fectious dose.
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Africa than previously believed.'""! Plasma donations con-
taining high titers of a Subtype 3a B19V were recently
identified from a single donor in the United States.'”? The
pathogenic properties of B19V appear to be the same,

regardless of the genotype.® Flowever, 1eliable detection of’

Genotype 3 B19V by nucleic acid amplification techniques
(NAT) using commercially available assays has proved dif-
ficult due to the sequence variability of this genotype.”®
The risk of plasma derivatives with respect to B19V is cur-
rently minimized by a combination of donor selection,

NAT screening for highly viremic plasma donations, and .

manufacturing steps which result in B19V reduction such
as virus filiration, heat treatments, or incubation at low
pH—the latter employed during the manufacture of some
immunoglobulin products.'*?' Effective inactivation of
B19 Genotype 1 by pasteurization of albumin has been
demonstrated.'” The B19V capsid is destroyed by heating
or low-pH incubation; whereas the B19V DNA remains
undamaged and is expelled from opened capsids.'"*"#

Recently, differential inactivation kinetics during pas-
teurization of human serum atbumin (HSA) has been
reported using different laboratory variants of hepatitis A
virus (HAV).2 Regarding the sequence variability of the
B19V virus capsids, we wondered whether the phenotypic
susceptibility of B19V Genotype 3 to virus inactivation
was different from that of Genotype 1. In addition, we
addressed the question whether the variability of
Genotype 3 could result in escape from neutralization
by immunoglobulin preparations from pooled plasma
sourced from North America or Europe where this geno-
type is only very rarely detected. Using a cell culture
system for detection of infectious B19V, we investigated
the inactivation kinetics of B19V Genotypes 1 and 3, by
pasteurization of albumin and by different low-pH treat-
ments. Neutralization of B19V infectivity was tested using
immunoglobulin preparations, manufactured by identical
procedures, but prepared from plasma sourced from
Eurgpean or North American donors.

MATERIALS AND METHODS

Viruses and cells

Highly viremic plasma donations were used as sources of
infectious B19V. A German blood donation, provided by
W.K. Roth (German Red Cross, Hessen), was the source of
the Genotype 1 B19V strain, termed DRK1, and has a DNA
concentration of 11.6 log TU/mL. The nucleotide sequence
of the DRK1 capsid-encoding region has been determined
(GenBank Accession Number HQ664953). The Genotype
3 B19V strain, termed P1 (GenBank Accession Number
FJ265736) was obtained from an American donor and
sequence analysis confirmed that the virus belongs to
Subtype 3a.'? KUB12Ep6 cells were provided by T, Miya-
gawa (Fujirebio, Inc., Tokyo, Japan).®* The cells were
propagated at 37°C, 5% CO: in RPMI supplemented with
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10% fetal calf serum (Sigma, 5t Louis, MOQ) and 5 IU/mL
recombinant erythropoietin (NeoRecormon, Roche, Wel-
wyn Garden City, UK). -

Pasteurization

Commercial 5% HSA was heated te 56.5°C in a thermo-
block (Model 5436, Eppendorf, Hamburg, Germany). The
temperature was measured throughout the experiment by
meonitoring an unspiked albumin sample incubated in
paralle! using a calibrated thermometer. One milliliter of
heated albumin was spiked at a ratio of 1 in 20 with virus-
containing plasma; 200-pL samples were withdrawn alier
1, 5, 10, 30, and 60 minutes of heat treatment. Samples
were immediately placed on ice and titrated on KU812Ep6
cells.

Low-pH treatment

Experiments were performed as described previously®

Virus was spiked at a ratio of 1 in 10 into phosphate-

buffered saline (PBS). The plII was then adjusted with -
1 mol/1. HCl to the target pH and the sample incubated at

the appropriate temperature for the specified period of

time. Samples were withdrawn and immediately neutral-

ized with 1 mol/L NaOH, buffered with phosphate buffer

(100 mmol/L, pH 7.4), and subjected to virus titration.

Controls

Cytotoxicity controls

Cells were seeded into 24-well plates. One-hundred-
microliter samples of a 10-fold dilution series of albumin
were inoculated into each well and, after 7 days, cells were
visually examined for cytotoxic effects (alteration of cell
shape) using a light microscope.

Interfarence controls

A 10-fold dilution series of B19V in undiluted test matrix
was prepared and 100 pL from each dilution was inocu-
lated into cell cultures and examined for virus. Addition-
ally, a 10-fold dilution series of B19V in l-in-10-diluted
test matrix was prepared and 100 pL from each dilution
was inoculated into cell cultures and examined for virus.

Virus control
In each virus experiment, the titer of virus stock was veri-
fied by titration on KUB12Ep6 cells.

Bench controls

In parallel to each inactivation experiment, the test matrix
was spiked at room temperature (lieat inactivation) or at
neutral pil (low pH treatment). This material was held at



room temperature and titrated at the beginning and the
end of the inactivation process.

Virus titration

A 10-fold dilution series was prepared using RPMI as
diluent. One-hundred microliters from each dilution was
inoculated ontoe 8 x 10° cells and incubated for 3 to 5 days.
Cells were washed with PBS and analyzed for spliced
mRNA by reverse transcription-polymerase chain reac-
tion (RT-PCR}. Fer titration using the mRNA assay, the
infectious titer was determined by the endpoint dilution
method and expressed as 50% cell culture infectious dose
(CCID:o) /mL. Three mRNA assays were performed in par-
allel for each dilution step and the virus titer was calcu-
lated according to the maximwm likelihood method. In
samples where no virus was detected, the detection limit
of the assay was calculated according to the Poisson dis-
tribution using the equation

c=—Inp/v,

where 1-p is the 95% probability that the aliquot is free of

infectious virus (p =0.05), v is the test volume, and c is the -

virus concentration.” Messenger RNA was extracted using
the mRNA capture kit {Roche, Mannheim, Germany). For
detection of spliced mRNAs encoding for capsid proteins
(VP), mRNA was dissolved in 50 pL. of RT-PCR mix con-
taining 600 nmol/L Primer XPP1 (5-TTTCCTGGACT
TTCTTGCTGT, Nucleotides 365-385), 600 nmol/L Primer
TP2 (5"-TGGTCTGCCAAAGGTGTGTAG, Nucleotides 2171-
2151}, 200 nmol/L Probe “B19-Sonde-1" (FAM(6-carboxy-
fluorescein)-CCGCGCTCTAGTACGCCCATCCT-TAMRA
(6-carboxy-tetramethyl-rhodamine}, Nucleotides 2050-
2072), 1 mmol/L dNTPs, 2 uL of PCR enzymes, and 1x
reaction buffer from a one-step RT-PCR kit (Qiagen,
Hilden, Germany). For detection of spliced Genotype
3 mRNA, Primer XPP1 was replaced by Primer XPP5 (5'-
CTTGCTGTTCTTTGCCTGCTA), Primer TP2 was replaced
by Primer TP7 (5"-CTTCGGAGGAAACTGGGCTTC, Nucle-
otides 2123-2102), and Probe “B19 Sonde 2" was FAM(6-
carboxy-fluorescein)-AACCCCGCGCTCTAGTAC-TAMRA
(Nucleotides 2046 to 2063). All nucleotide position num-
bers of primers refer to strain Au.* RT was carried out for
30 minutes at 50°C and stopped by incubation at 95°C for
15 minutes in a PCR system cycler {GeneAmp 9700,
Applied Biosystems, Weiterstadt, Germany). Thereafter,
five PCR cycles (15 sec at 94°C, 15 sec at 60°C, 15 sec at
72°C) were performed followed by incubation for 10
minutes at 72°C. The reaction mixture was transferred to a
sequence detection system (ABI Prism 7700, Applied Bio-
systems). After 2 minutes at 50°C and 10 minutes at 95°C,
45 cycles (15 sec at 95°C and 30 sec at 60°C) were per-
formed. In each run, the infectivity (RNA) from a sample
of known titer was determined by the endpoint dilution
method ({two wells per dilution) and calculated
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as 50% mRNA-inducing dose (mRNAs;)/mL using the
maximum likelihood method resulting in an absolute
quantification of the mRNAsy/mL titer with a variation of
+0.8 log. Furthermore, this sample was used to generate a
standard curve (two to three wells per dilution) for relative
quantification of virus mRNA. One well per dilution was
analyzed for mRNA and diluted samples with Cr values
falling within the linear range of the standard curve were
used for calculation of the titer using the sequence
detection system software (ABI Prism 7700, Applied
Biosystems). : .

Neutralization assay

Fifty microliters of virus-containing plasma was mixed
with 50 uL of EU-licensed commercial normal immuno-
globulin G (IgG} preparation from a twofold dilution
series in PBS. The 100-uL mixture of virus and serum was
incubated 2 hours at 37°C for neutralization. Thereafter,
the whole sample was inoculated onto KU812Ep6 cells
for titration of infectious virus by mRNA detection as
described above.

RESULTS

Characterization of virus isolates

Inactivation of B19V occurs by damaging the virus capsid
shell. Therefore, we determined the amino acid sequence
of the virus capsids. The nucleotide sequence of Geno-
type 1 strain termed “DRK-1" was determined by direct
sequencing of DNA amplified by PCR (GenBank Accession
Number HQ664953). The sequence of. the Subtype 3a
strain P1 (GenBank Accession Number FJ265736) has
been described previously.'? Figure 1 shows the different
amino acids located in the virus capsid proteins. The
capsid of B18V consists of two proteins VP1 and VP2,
respectively, which are translated from overlapping open
reading frames. VP2 forms 95% of the virus capsid. VP1
contains an N-terminal 228-amine-acid “unique region.”
Differences in 29 amino acids were identified between
Genotype 1 and Genotype 3. These amino acid positions
clustered preferentially (i.e., 18 of the 29 changes) in the
VP1 unique region.

The plasma DNA concentrations of both Genotype
samples were 11.9 log IU/mL. The infectious titers were
7.9 = 0.4 and 8.5 £ 0.4 log CCIDs, for Genotypes 1 and 3,
respectively, as determined by quadruplicate assays (SD
indicated) using mRNA detection.

Inactivation kinetics during pasteurization

Heat treatment in aqueous solution of albumin and other

plasma proteins is performed at 60°C for 10 howrs (pas-

teurization}. Immediate inactivation of B19V Genotype 1’
has previously been demonstrated under these standard
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Amino acid 4 5 6 i2 17 18 2t 25 68 93 9 100 1M1 111 123
position
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- Amino acid 125 144 192 308 313 319 418 445 454 463 521 531 533 772
position

Genotype 1 L S v v S S E F T P
5 8§ A

Genotype 3 Y N A T N T v

v S S G
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Fig. 1. Differences in amino acid composition of B19V capsid proteins. Differing amino acids of the virus capsid proteins of Geno-
type 1 (strain DRK1) or Genotype 3 (strain P1) are presented. The location of variant amino acid positions (indicated as dots) with

respect to the VP1 and VP2 open reading frames (indicated as bars) is shown.
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Fig. 2. Inactivation of B19V Genotypes 1 and 3 by heat treatment, Human albumin
5% was heated to 56.5°C and spiked I in 20 with B19V Genotype 1 or 3, respectively.
Incubation at 56.5°C was continued and infectious titer was determined at various
time points by titration of B19V on KU812Ep6 cells and analysis of BI9V-specific
mRNA. The starting point of inactivation kinetics (0 min) represents the infectious
titer from a sample spiked at room temperature,

pasteurization conditions.’® Inactivation studies of Geno-
types 1 and 3, described herein, were carried out at lower
temperature (56.5°C). Reducing the temperature of the
heart treatment step slowed the rates of virus inactivation
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sufficiently to enable a more accurate
and precise comparison of the inactiva-
tion kinetics of the different virus
genotypes. As shown in Fig. 2, both
genotypes were inactivated below the
detection limit in less than 30 minutes.
There was no significant difference in
inactivation kinetics of the two virus
genotypes.

Inactivation kinetics at
low-pH freatment

During the manufacture of several
immunoglobulin products, an enzy-
matic treatment may be performed at
pH 4 and 37°C. Manufacture of other
products includes incubation of the
final product at pH 4 and room tem-
perature for several weeks. Both proce-
dures have been shown to be effective
for inactivation of enveloped viruses
and specific nonenveloped viruses,
Inactivation of B19V at pH 4, 37°C
was previously demonstrated.?’ In the
studies described herein, we investi-
gated inactivation kinetics of B19V

Genotypes 1 and 3 under two different conditions (pi{ 4 at
37°C and pH 4.5 at 23°C). Ethanol {2% final concentration)
was added to the samples incubated at pH 4 at 37°C to
mimic typical conditions of enzymatic low-pH steps
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Fig. 3. Inactivation of B18V Genotypes I and 3 by low-pH treatment. B19V Genotypes 1 or 3 were spiked into test matrices (5%
albumin, 2% ethanol, pH 4.2 [A] or PES pH 4.5 [B]) and incubation was continued for 6 hours at 37°C (A) or 21 days at 23°C (B),
respectively. Infectious titer was determined at several time points by titration on KU812Ep6 cells and analysis of B19V-specific
mRNA. The starting point of inactivation kinetics represents the infectious titer tested immediately after spiking the low pH test

matrix.

applied during immunoglobulin fractionation. Figures 3A
and 3B show that both conditions for low-pH treatment
were effective for inactivation of B19V. There was no sig-
nificant difference in the inactivation kinetics of either
genotype. Control samples, diluted in PBS (pH 7.4) and
held at 37°C for a period of 6 hours, showed no loss of B19
infectivity. However, in the case of the samples maintained
at 23°C for 3 weeks, it was observed that infectious titers of
B19V controls diluted in PBS (pH 7.4} declined during the
incubation period (4.2 log/mL for Genotype 1 and 3.0
log/mL Genotype 3, respectively). The pH of the controls
remained stable throughout the incubation period.

Neutralization of B18V Genotypes 1 and 3

The amino acid variations of Genotype 3 virus capsids are
located mainly in the N-terminal unique region of VP1
(Fig. 1). It has been reported that this more variable region
contains antibody-binding epitopes and that the majority
of virus-neutralizing antibodies that confer lifelong pro-
tection against reinfection with B19V are directed against
the VP1-unique region.® So far, B19V Genotype 3 has only
occasionally been described in regions outside Africa, and
it is reasonable to assume that antibodies present in pools
of plasma collected in Europe or the United States mainly
represent antibodies from Genotype 1 infections.
Consequenily, experiments were performed to deter-
mine whether BI19V Genotype 3 would be neutralized by

antibody preparations produced from plasma collected
in either Europe (i.e., Austria, Germany, and the Czech
Republic) or the United States. Two commercial normal
immuneglobulin preparations for human use were used.
These immunoglobulins were produced by the same
manufacturing process including cold ethanol fraction-
ation of plasma sourced either in Europe or in North
America. As shown in Fig. 4, there was no difference in the
neutralization curves of the two genotypes using the anti-
body preparations of either European or North American
origin. Both genotypes were completely neutralized below
the detection limit using immunoglobulin dilutions up to
1in 80. Only marginally better neutralization of Genotype
1 was observed, that is, at a dilution point of 1
in 160.

DISCUSSION

The risk for B19V transmission via plasma-derived
medicinal products is cusrently minimized by a combina-
tion of donor selection, plasma screening, and manufac-
turing steps that facilitate virus clearance. In individual
plasma donations, virus titers may be extremely high
{more than 10" IU B19V DNA/mL}. These high levels of
virus can overload the virus clearance steps in the manu-
facturing process, resulting in transmission cases with, for
example, coagulation factor concentrates.” B19V infec-
tions are ubiquitous and virus-containing donations, as
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ther processed through a scaled-down

version of the respective manufacturing
process step. There has been always a

theoretical concern as to what extent
such model virus strains reflect actual

virus particles from plasma dona-

tions. Recently, Farcet and coworkers®
reported different inactivation kinetics

of variants of cell culture-adapted HAV
strains during pasteurization of HSA.

These variants were derived from a
single field isolate, indicating that muta-

7
~. B
]
£
‘?5
z
E 4
Cr
"%3
2 R—u
T 2
a3
E

1

I P

tions being selected during cell culture
passage might affect the thermostability

Dilution 1:20 140 1:80

T T T T T
1160  1:320 1:640 1:1280 1:5120

of virus particles. In this report, highly
viremic plasma donations containing
various strains of B19V were used as the
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source of the spiking agent, thereby
excluding the possibility of such muta-

Fig. 4. Neutralizalion of B19V Genotypes (gt) 1 and 3. Neutralization reactions were
set up by mixing 50 pL of dilutions of Genotype 1 or Genotype 3 at a DNA concentra-
tion of 9.9 log IU/mL with 50 yL of commercial IgG preparation from European
plasma pools (EU-Ig) or American plasma pools {U$-1g): The mixture was incubated
at 37°C for 2 hours. Thereafter, the samples were inoculated onto KIJ812Ep for titra-

tion of infectious virus by analysis of B19V-specific mRNA.

analyzed by NAT methods, have been reported at frequen-
cies varying from 1 in 800 to 1 in 8000. It is currently not
practical to exclude all B19V-containing plasma dona-
tions. However, it is feasible to identify and exclude
highly viremic donations from the plasma manufacturing
pools. The Plasma Therapeutic Protein Association intro-
duced in 2002 a voluntary limit of not more than 10°
genomes/mL in a production pool and FDA recom-
mended a limit of not more than 10* [U B19 DNA/mL.?* In
Europe, the 10* IU/mL limit is prescribed in the European
Pharmacopoeia for solvent/detergent plasma and for
anti-D immunoglobulin preparations used prophylacti-
cally in pregnant women for the prevention of Rhesus
disease. Genotype 3 has been predominantly found in
West Africa.” Genotypes 2 and 3, however, may be occa-
sionally found in Europe®®2*3! Highly viremic plasma
donations have been identified in Europe and the United
States.®™'? Genotype 2 virus sequences have also been
identified in coagulation factor concentrates.” The
variant genotypes may not be reliably detected or cor-
rectly quantified by some of the current PCR assays.™
Manufacturing steps for virus inactivation and
removal are important in ensuring the virus safety of
‘plasma-derived medicinal products. The reduction capac-
ity of such steps is validated by laboratory experiments
where cell culture—adapted virus strains are spiked into
process intermediates and these intermediates are fuir-
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tions. Similar inactivation kinetics of
B19V from different plasma donations
containing B19V Genotype 1 were dem-
onstrated in earlier studies suggesting
that natural variants do not contain
mutations affecting thermal stability of
virug particles.’® In addition, inaciiva-
tion of Genotype 2 strains was also
similar to Genotype 1 isolates.5?
Inactivation of virus particles at 60°C or pH 4 occurs
by externalization of virus DNA from capsids as the result
of a conformational change of capsids leading to external-
ization from capsids in the N-terminus of the VP1 pro-
tein®? Although many of the amino acid variations
between B19V genotypes cluster in the N-terminal VP1
regions, such variations do not affect stability of virus
capsids.5# It has been speculated that the neutralizing
immune response is mainly elicited by this region.®
[Immunoglobulin preparations have been success-
fully used for treatment of persistent infections with
B19V.* Considering the very rare detection of Genotypes 2
and 3 in Europe and the United States, it is reasonable to
assume that most B19V-specific antibodies in immuno-
globulin preparations from pooled plasma have been
derived from infections with Genotype 1. Indeed, NAT
analysis has shown that plasma fractionation pools,
prepared from European and North American plasma,
contain predominantly Genotype 1 B13V (L.A. Rinckel and
T.M. Gierman, unpublished observations}.*® This has been
confirmed by direct sequence analysis of B1SV from
numerous plasma pools (]. Blitmel, unpublished observa-
tions). Therefore, we considered whether such prepara-
tions would be effective in neutralizing B19V Genotype 3
as well as Genotype 1. The results of these studies clearly
show that immunoglobulins prepared from Luropean or
North American-sourced plasma were equally effective in



neutralizing Genotype 3. This indicated that such prepa-
rations should be effective in treatment of chronic infec-
tions caused by B19V Genotype 3.

In summary, the results from this study confirm the
reliability of current virus inactivation steps and thus the
safety of immunoglobulin preparations against the differ-
ent Bi9V genotypes.
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Chikungunya virus and the safety of plasma products

Sandra M. Leydold,* Maria R. Farcet,* Johanna Kindermann, Jens Modrof, Gerhard Pélsler,
Andreas Berting, M. Keith Howard, P Noel Barrett, and Thomas R. Kreil

BACKGROUND: Chikungunya virus (CHIKV) outbreaks
were previously restricted to parts of Africa, Indian
QOcean Islands, South Asia, and Southeast Asia. In
2007, however, the first autochthonous CHIKY trans-
mission was reported in Europe. High-level viremia, a
mosquito vector that is also present in large urban
areas of Europe and America, and uncertainty around
the resistance of this Alphavirus toward physiochemical
inactivation processes raised concems about the safety
of plasma derivatives. To verify the safety margins of
plasma products with respect to CHIKV, commonly
used virus inactivation steps were investigated for their
effectiveness to inactivate this newly emerging virus.
STUDY DESIGN AND METHODS: Pasteurization for
human serum aibumin (HSA), vapor heating for Factor
VIl inhibitor bypassing activity, solvent/detergent {S/D)
treatment for intravenous immunoglobulin (IVIG), and
incubation at low pH for IVIG were investigated for their
capacity to inactivate CHIKV and the closely related
Sindbis virus (SINV). The obtained results were com-
pared to previous studies with West Nile virus and the
commenly used model virus bovine viral diarrhea virus,
RESULTS: The data generated demonstrate the effec-
tive inactivation of CHIKV as well as SINV by the inacti-
vation steps investigated and thereby support results
from earlier validation studies in which mode! viruses
were used,

CONCLUSION: High inactivation capacities with
respect to CHIKV were demonstrated. This provides
solid reassurance for the safety of plasma products and
the results verify that the use of model viruses is appro-
priate to predict the inactivation characteristics of newly
emerqing viruses when their physicochemical properties
are well characterized.

hikungunya virus (CHIKV) was first isolated

during an outbreak in Tanzania in the 1950s

and has subsequently caused frequent out-

breaks in Africa and in Asia.! In 2004, CHIKV
spread from Kenya to the Western Indian Ocean Islands
including the Comoros Islands, La Réunion, Mayotte,
Mauritius, the Seychelles, and Madagascar and from there
CHIKV emerged further in India and the Eastern Indian
Ocean Islands, with millions of people infected.? Whereas
the previous vector of CHIKV was Aedes aegypti, the
primary-vector in La Réunion and Mauritius was Aedes
albopictus, the Asian tiger mosquito.* The adaptation of
CHIKV to A. albopictus was due to a single amino acid
substitution, which significantly increased CHIKV infec-
tivity for this species,’ that is widely endemic in urban
areas of Europe and America.>® Since 2006, CHIKV infec-
tions have been identified in an unprecedented number
of travelers? some of them returning with high-grade
viremia to countries where competent vectors are
present, which raises sericus concerns with respect to a
potentially global spread of the disease.” The first putbreak
of autochthonously transmitted CHIKV in a temperate

- climate zone occurred in 2007 in the province of Ravenna

ABBREVIATIONS: BHK == baby hamster kidney; BVDV = bovine
viral diarrhea virus; CHIKV = chikungunya virus; FEIBA = Factor
VIII inhibitor bypassing activity; LOD = limit of detection;

$/D = solvent/detergent; SINV = Sindbis virus; SSM = spiked
starting material; TCIDzp = tissue culture infecticus dose 50%;
WNV = West Nile virus.
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in northeastern Italy® with four smaller clusters of local
transmission detected up to 49 km away from the initial
introduction by a presumably single individual.® Of 337
suspected CHIKV cases, 306 were examined and 217 were
laboratory confirmed.® Later, autochthonous transmis-
sions have also been reported from southeastern France.!!
As a consequence of these recent outbreaks, CHIKV fever
is no longer considered a disease that is restricted to tropi-
cal countries, but has developed into a worldwide public
health concern.?

While cases of CHIKV transmission via blood prod-
ucts or organ transplantation have not been reported
so far, such transmission events are possible,' as during
an epidemic the risk of viremic donations is sub-
stantial,’ with approximately one in four CHIKV infec-
tions asymptomatic,”® and the viral load during the
acute phase of infection, which typically lasts for 2 to 4
days, as high as 10° copies/mL.” These facts have raised
sufficient concems about the safety of plasma pro-
ducts for the US Food and Drug Administration to
include the subject in the agenda of a workshop.”
Dedicated wvirus inactivation and removal steps are
integrated into the manufacturing processes of all frac-
tionated plasma products that are licensed by advanced:
regulatory authorities to ensure their safety’® These
process steps have been validated for their effec-
tiveness in inactivating a broad range of physicochemi-
cally diverse viruses, including relevant (e.g, human
immunedeficiency virus, hepatitis A virus) and so-called
model viruses.®* One of these model viruses, bovine
viral diarthea virus (BVDV) of the Pestivirus genus
(Flaviviridae) is like CHIKV, a lipid-enveloped RNA
virus and similar in size. As BVDV as well as the closely
related Flavivirus West Nile virus (WINV) have been
demonstrated to be effectively inactivated by the virus
reduction methods commonly used in the manu-
facture of plasma products,'* high margins of safety
are equally presumed for CHIKV, Experimental evi-
dence for CHIKV itself was, however, not previously
available. To provide adequate assurance of virus
safety, particularly for the individuals who critically
depend on plasma-derived therapies, as well as
regulatory authorities who need to guarantee the
safety of such products on the market, the present
work investigated CHIKV inactivation experimentally.
In addition, some of the inactivation methods were
evaluated using Sindbis virus (SINV), a virus closely
related to CHIKV, and also WNV, with the aim of
generating further supportive evidence for the inactiva-
tion capacity of these dedicated virus inactivation
“steps with respect to CHIKV. The results confirmed the
CHIKV inactivation behavior expected from earlier
model virus data and thereby show that concerns for the
safety of plasma products with respect to CHIKV are
unwarranted.
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MATERIALS AND METHODS

Viruses and cells

CHIKV strain “LR2006-OPY1"” was originally isolated in
2006 from a 73-year-old patient returning from La
Réunjon, a French overseas department,” and was
obtained from the Centre for Ecology and Hydrology
(Oxford, UK). Virus identity was confirmed by partial
sequencing and sequence alignment with the whole
genome of strain “LR2006-0PY1” (GenBank Accession No.
DQ443544), which showed greater than 99% sequence
homology. CHIKV working stock was produced on Vero
cells adapted to growth in serum-free medium and
titrated on Vero cells (ECACC No. 84113001, European Col-
lection of Cell Cultures, Salisbury, UK).

SINV, strain Ar-339 (ATCC VR-68), was propagated on
Vero cells (ATCC CCL-81) or on baby hamster kidney
(BHK-21 [C13]) cells (Lee Biomolecular, San Diego, CA}.
TCIDg, (tissue culture infectious dose 50%) titration of
SINV was done on Vero cells, whereas BHK cells were used
for plaque assay.

WNV was obtained from the liver of a snowy owl
found dead in New York in 1999. The virus was isolated by
filtration of the liver homogenate, passaged on Vero cells,
and Iyophilized (“Isolate 385-99"). The Isolate 385-99 was
characterized by sequencing parts of the genome'? and
provided by Dr Robert E. Shope {University of Texas,
Galveston, TX). WNV was propagated and titrated on Vero
cells (ECACC No. 84113001).

Infectivity assays

Virus-containing samples were titrated on the respective
indicator cells by TCIDs, assays (CHIKV, SINV, WNV) or by
plague assay (SINV) using serial 0.5 or 1 log dilutions of
samples. The cytopathic effects induced by the viruses
were evaluated after incubation of the cells with the
samples for 3 days (WNV, SINV plaque assay), 5 to 6 days
(SINV TCIDs; assay), or 7 days (CHIKV) at 36 £ 2°C. Virus
concentrations were calculated according to the Poisson
distribution (CHIKV, WNV)} or according to Reed and
Muench (SINV) and expressed as log{TCIDse}/mL. Virus
concentrations determined with the plaque assay were
expressed as plaque-forming units/mL. To lower the limit
of detection (LOD) for the samples taken during CHIKV
and WNV runs after 600 minutes of pasteurization, after 30
and 60 minutes of solvent/detergent (S/D) treatment as
well as on Days 14 and 20 of low-pH treatment, large-
volume titration (bulk) was performed.

Downscaled manufacturing processes for

plasma derivatives

All virus inactivation steps investigated apply to manu-
facturing processes for Baxter Healthcare (Westlake



Village, CA) products. Downscaled models were estab-
lished to mimic the manufacturing process steps as closely
as possible. Except for SINV-spiked runs, process variables
were adjusted to worst case conditions to investigate
robustness of virus inactivation. The equivalence of the
laboratory models to the respective large-scale processes
was demonstrated by comparing critical process and
selected product variables. Temperature as a critical
process variable for virus inactivation was monitored con-
tinuously in all processes investigated. Process intermedi-
ates obtained from manufacture were used as starting
material and spiked at a ratio between 1:10 to 1:20 with
virus stock suspensions. From the spiked starting material
(53M) samples were taken and titrated to verify the amount
of virus added. Further samples were collected during and
at the end of the virus inactivation processes and titrated
immediately. Corresponding unspiked or mock-spiked
samples were taken from control runs without virus and
tested for their potential cytotoxicity for indicator cell lines
and for their potential interference with the detection of
low virus titers. Virus reduction factors (log) were calcu-
lated in accordance with regulatory guidelines.®

Pasteurization of human serum albumin

During manufacture, human serum albuzmin (HSA) is heat
treated as solution in the final container at 60°C for 600 to
660 minutes. The heat treatment is done for different con-
centrations of HSA, ranging from 5% to 25%. In the down-
scale, the virus inactivation capacity of the heat treatment
step was investigated by incubation of the CHIKV- or
WNV-spiked albumin solutions at 58 * 1°C for 600
minutes. To show the robustness of the obtained virus
inactivation, pasteurization of H5A was done at low and
the highest protein concentration, that is, 5 and 25%.
SINV-spiked HSA was heated at 60 = 1°C for 600 minutes,
at a protein concentration of 25% only, To show the
equivalence of the downscale to the manufacturing
process, selected biochemical variables such as aggregate
concentration, purity, transferrin, and «-1 acidic glyco-
protein levels were monitored and compared to sample
results from manufacture.

Vapor heating of anti-inhibitor coagulant complex,
that is, Factor VIl inhibitor bypassing activity

During the manufacture of Factor VIH inhibitor bypassing
activity (FEIBA), a freeze-dried bulk intermediate with an
adjusted residual moisture of 7% to 8% (wt/wt) is heat
treated in a first phase at 60°C for a minimum of 510
minutes, followed by a second phase at 80°C for a
minimum of 60 minutes. For the downscaled runs,
process intermediate was spiked with virus and freeze-
dried in 3-mL aliquots (2-mL aliquots for SINV-spiked
intermediate). The residual moisture was adjusted before

CHIKV AND SAFETY OF PLASMA PRODUCTS

heat treatment by the addition of water for irtjection, using
the method of Karl-Fischer. Heat treatment of CHIKV and
WNV was done at 59.5 = 0.5°C for 505 minutes followed
by 79.5 = 0.5°C for 55 minutes and a residual moisture
content of 7% (wt/wt) and 8% {wt/wt), respectively. SINV-
spiked intermediate was adjusted to a residual moisture of
7% to 8% (wi/wt) after freeze-drying and was heat treated
at 60 =% 0.5°C for 600 minutes followed by 80 =+ 0.5*°Cfor 60
minutes. FEIBA activity (clotting assay), Factor (B)II (clot-
ting assay), and FX activity (chromogenic assay) were
determined for the downscale intermediate before and/or
after the vapor-heating process, and the results were com-
pared to the respective values for intermediates from
manufacture, to confirm equivalence of the different scale
processes.

S/D treatment of intravenous immunoglobulin

For 5/D treatment of intravenous immunoglobulin (IVIG)
products Gammagard S/D and Gammagard Liquid/
KIOVIG (Baxter), a mixture of tri-n-butyl phosphate, -
Octoxynol-9 and Polysorbate 80 {(Merck, Darmstadt,
Germany) was added to target concentrations of 0.3%
(vol/vol}, 1% (vol/vol), and 0.3% (vol/vol), respectively,
for at least 60 minutes at 18°C to 25°C and a pH value of
5.2. Downscale runs for CHIKV were done at 18 & 1°C
for 57 to 60 minutes. Concentrations of $/D components
for CHIKV (Gammagard Liquid/KIQVIG) and SINV (Gam-
magard $/D) spiked runs were adjusted to 50% compared
to the standard manufacturing conditions and the
kinetics of virus inactivation further investigated using
only 10% of the standard S/D concentrations. To prevent
further inactivation of virus by the S/D reagents after
sample drawing, S/D-containing samples were diluted
immediately 1:100 or 1:20 (CHIKV, 50 or 10% of nomjnal
S/D concentration) or 1:10 (SINV) in cold cell culture
medium. The amount of $/D reagents added was mea-
sured by weighing and the concentration of each S/D
reagent in solution was measured by specific assays in
unspiked control runs. Protein concentration, conductiv-
ity, and immunoglobulin (Ig})G concentration of the
respective intermediates of the two process scales were
measured and compared to support the equivalence of
the downscale to manufacture.

Low-pH treatment of (VIG (Gammagard
Liquid/KIOVIG)

During the Gammagard Liquid/KIOVIG manufacturing
process, the final product is incubated at a low pH of 4.4 to

- 4.9 and at a temperature of 30°C to 32°C for 21 to 24 days.

To investigate virus inactivation of the low-pH incubation
step at laboratory scale, CHIKV-spiked process intermedi-
ate was incubated at 29 = 1°C for up to 21 days. The pH,
adjusted to 4.4 and 4.9, was monitored and incubation
temperature continuously recorded. To prevent further
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inactivation of virus after sample draw- A
ing, samples were diluted immediately
1:3.16 with cold cell culture medium. i
Selected biochemical variables such as s ol
molecular size distribution, gamma- :
globulin purity, and functionally intact
IgG were determined and compared
to results of the large-scale process
to verify the equivalence of the twa
process scales.

Virus titer, Jog{TCID,/mL)

24

RESULTS

For each of the four dedicated virus ) "s's‘M\\ o
inactivation steps as performed in
downscaled versions in these verifica- .
tion studies for virus inactivation, the
results for selected biochemical vari-

ables were always equivalent to those of S

the respective samples obtained from
the manufacturing scale processes (data
not shown), thereby cc:nﬁrming validity
of the different scale processes. Gener-
ally, conditions least favorable for virus
inactivation were chosen.

Fet

Virus titer, 1ag(TCID;/mL)
w

Pasteurization of HSA
As a dedicated virus inactivation step, :
the final HSA product is pasteurized.
Investigation of the virus inactivation
capacity in downscale runs was done
below the lower limits of temperature
and incubation time specified for
manufacture, and robustness of the
heat treatment step was further shown
through the use of HSA with protein
concentrations at the extremes of-the
specified manufacturing range. CHIKV
was completely and rapidly inactivated
to below the LOD within 30 minutes of incubation at
58 = 1°C in both 5 and 25% HSA (Fig. 1, Table 1). SINVY,
which like CHIKV belongs to the Alphaviruses, showed
very similar inactivation kinetics and was also completely
inactivated to below the LOD within 30 minutes of pas-
teurization at 60 = 1°C using 25% HSA (Fig. 1B, Table 1).
Significant reduction factors {Table 1) and similar inacti-
vation kinetics were seen for WNV, with complete inacti-
vation achieved after 30 minutes in 25% I1SA and after 60
or 180 minutes in 5% HSA (Fig. 1, Table 1). Comparing the
results of the current study to earlier published BVDV pas-
teurization data,'® this model virus for small enveloped
RNA viruses was one of the maost resistant against inacti-
vation through pasteurization. Whereas CHIKYV, SINV, and
WNV infectivity was already significantly reduced during

SSM™T 0
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Fig. 1. Pasteurization of HSA., Virus inactivation kinetics for pasteurization at

58 * 1°C (60 = 1°C for SINV) of 5% HSA solution (A) and 25% HSA solution (B).
Mean results for duplicate runs with CHIKV and WNV and single runs for BVDV and
SINV are shown, S8M is virus-spiked HSA. For kinetic samples with no detected
infectivity, the LOD is shown; (V) first time point at which no infectivity was detected
in all runs, Lower detection limits for virus titer toward the end of treatment is due
to large-volume assays (bulk). (@) CHIKV; (<) BVDV; (O) SINV; () WNV,

the heating phase to target temperature, BVDV was more
resistant to heating (Fig. 1} and a longer pasteurization
period was necessary to inactivate the virus to below the
LOD (120 and 60 minutes in 5 and 25% HSA, respectively;
Fig. 1, Table 1).

Vapor heating of FEIBA

The critical variables for the vapor heating process with
respect to virus inactivation are temperature, time of
heating, and residual moisture. FEIBA intermediate
spiked with CHIKV or WNV was vapor heated at laboratory
scale to the lower limit of temperature for just below the
lower limit of the incubation time specified for the manu-
facturing process. To evaluate process robustness, the



CHIKV AND SAFETY OF PLASMA PRODUCTS

. TABLE 1. Reduction factors (log) and time points at which no remaining viral Infectivity was detected (values in
parentheses) in the current and previous inactivation studies

Process CHIKV SINV WNV BVDV*
Pasteurization of HSA, T 5% >7.0/>8.9 (0-1/30 min} ND >8.3/>8.3 (60/180 min) >6.4 (120 min})
25% >5.9/>5.8 (0-1/30 min} >5.5 (30 min) >8.0/>7.7 {30/30 min) »>6.2 (60 min)
Freeze-drying/vapor heating of FEIBA f 7% >6.9 {360 min) >5.3/>5.2/>4.7 >8.2 (360 min) >5.6 (360 min)
8% >7.3 {360 min} {120/120/120 min) >8.0 (360 min) >5.6 {360 min)
S/D treatment of IVIG,§ 50% >7.2/>6.7 {1-2/1-2 min) »5.3 {1-2 min) ND >6.1/>6.2 (1-2/1-2 min)
10% »7.2 (1-2 min) 5.3 (i-2 min) ND ND

5% ND ND >6.0[y>5.9]| (30/30 min) »5.8 (1-2 min)
Low-pH incubation of IVIG,§ pH 4.4 >7.9 (6 days) ND >5.5| (4 days) >5.4 (14 days)
pH 4.9 »7.4 (14 days) ND »>8.0/>6,1|| (2/4 days) >5.9/>5.6 (14/14 days)

* Data from Krelil et al.*

1 Done using a solution with a concentration of 5 or 25% HSA.

1 Done using product with residual moisture (wt/wt) of 7 or 8% except for SINV, where residual moisture was adjusted to 7% to 8%.
§ Done using 50, 10, or 5% of specified S/D chemicals.

|| Data from Kreil et al.?

11 Dene using IVIG adjusted to a pH of 4.4 or 4.9, with the exception of WNV, for which solution adjusted to a pH of 4.5 was used.
ND = not done.
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Fig. 2. Vapor heating of FEIBA. Virus inactivation kinetics by heating of virus-spiked, lyophilized, and moisture-adjusted (7%-8%
[wt/wt]) FEIBA at 59.5 £ 0.5°C (60 x 0.5°C for SINV), followed by 79.5 £ 0.5°C (80 x 0,5°C for SINV) heating (temperature profile
represented in graph by the gray line). Means of two samples per kinetic time point for all viruses except SINV (triplicates). The last
SINV sample at 60 £ 0.5°C was taken after 600 minutes but shown in graph at 505 minutes for simplicity. SSM = virus-spiked FEIBA
before lyophilization; "after lyo” = sample after lyophilization but before initiation of the heating process. For kinetic samples with
no detected infectivity, the LOD is shown; (V) first ttme point at which no infectivity was detected in all runs. RT = room tempera-
ture. (@) CHIKV; (©) BVDYV; (O) SINV; (O) WNV.

residual mojsture was adjusted to the upper and lower
limits of the manufacturing range. Using conditions least
favorable for virus inactivation (temperature, time), the
vapor heat treatment step in combination with the pre-
ceding freeze-drying inactivated CHIKV and WNV to
below the LOD within 6 hours of the first heat treatment
phase at a temperature of 59.5 & 0.5°C (Fig. 2, Table 1.
Heat treatment of SINV-spiked FEIBA intermediate at the

same limits of temperature and residual moisture as
specified during manufacture showed inactivation to
below the LOD already after 2 hours in the first heat treat-
ment phase (Fig. 2, Table 1). Comparing the results of the
current study to earlier published BVIDV vapor heating
data,'® efficient inactivation of the model virus was seen by
this procedure, with no residual infectivity detected after 6
hours in the first phase of heat treatment, similar to
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CHIKY and WNV (Fig. 2, Table 1). Inter-
estingly, whereas the preceding lyo-
philization step had only a marginal
effect on the infectivity of CHIKV, SINV,
and WNV (Fig. 2), the infectivity of
BVDV was more affected by this proce-
dure, an observation that has been
reported before.

8/D treaiment of IViG {(Gammagard

Liquid/XIOVIG or Gammagard S/D}

At a final S/D concentration corre-
sponding to only 50% of the manufac-
turing process, CHIKV and SINV were
already inactivated to below the LOD
after I to 2 minutes of $/D treatment
(Fig. 3, Table 1). At 10% of the standard
S/D concentration, CHIKV and SINV
were also completely inactivated after 1
to 2 minutes of §/D treatment (Table 1),
underlining the efficacy and robustness
of the $/D treatment step. Comparing
the results of the current study to easlier
published BVDV §/D treatment data,'®
rapid and efficient inactivation of this
model virus was seen at both 50 and
5% of the standard 5/D concentration
(Fig. 3, Table 1). In compariseon, already
available data for conditions deliber-
ately chosen to be by far less stringent
than the actual manufacturing process
indicated that inactivation by 5/D treat-
ment was somewhat slower for WiNV
than for BVDV, as no infectious virus
could be detected after ! to 2 minutes of
treatment with 5% of the standard S/D

congentration for BYDV, but some low
level of infectivity was detectable for
WNV until 30 minutes of treatment

(Fig. 3, Table 1).1%

A S/D treatment at 50% of standard S/D concentration
9’_‘;"‘ — - Tt T mw - e e— e e e e e i —
M
7 o
Bei
£ 5 .
£
S .
> 34 2 © )
§ e S -
2 & o
. \iL [
Y - - : - :
ssM 1 10 20 30 60
Incubation time [min] after additon of S/D reagents
B. S/D freatment at 5% (BVDY, WNV) or 10% (CHIKYV, SINV) of standard 5/D concentration
N e e mem e . .o
=]
u *
L& o
86 °
IO
2 5=
| .
3 ‘ — ]
21 &
: v
18
0l
55M | 0 5

1] 20
Incubation time [min] atter additon of 5/D reagents

Fig. 3. §/D treatment of IVIG. Virus inactivation kinetics for 50% (A) and 5% or

10% (B) of standard 5/D concentration for IVIG S/D treatment. Virus titers are
log{TCIDs,/mL) for CHIKV, WNYV, and BVDV and Iog(plaque-forming units/mL) for
SINV. Mean results for duplicate runs with CHIKV and BVDV at 50% S/D concentra-
tion and WNV at 5% S/D concentration and single run results for all other experi-
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mients are shown. SSM = virus-spiked IVIG. For kinetic sarmples with nio detected

infectivity, the LOD is shown; (V) first time point at which no infectivity was detected
int all runs. Lower detection linjlits for virus titer toward the end of treatment is due
to large-volume assays (bulk). (®) CHIKV; (<) BVDV; (O) SINV; (0) WVV.

Low-pH treatment of IVIG

(Gammagard Liquid/KIOVIG)

In the downscale investigation of the low-pH treatment
step of the IVIG intermediate, CHIKV was inactivated to
below the LOD on Day 6 for the run at pH 4.4 and on Day
14 for the run at pI1 4.9 (Fig. 4, Table 1). Comparing the
results of the current study to earlier published BVDV
low-pH treatment data,’® BVDV was similarly inactivated
in the low-pH treatment, where by Day 14 complete inac-
tivation was accomplished in all three experiments (Fig. 4,
Table 1}. In comparison, available data for WNV*? showed
that this Flavivirus was most rapidly inactivated by
low-pH treatment. In one run at pH 4.9 WNV was already

6 TRANSFUSION Volume **, ** **

inactivated to below the LOD on Day 2 of incubation
(Table 1). In the other two runs, one each at pH 4.5 and
pH 4.9, no WNV could be detected in the first kinetic
samples that were taken on Day 4 {Table 1}. Complete and
effective inactivation for all three viruses was therefore
achieved at the two different extremes of the manufactur-
ing specification for pH, demonstrating the robustness of
the low-pH treatmernt step.

DISCUSSION

Over the past few years, the first autochthonously trans-
mitted CHIKYV infections have been reported in Europe,® !
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t as very effective, with the second
heat treatment phase providing extra
margins of safety. In addition, the
results indicate that CHIKY, SINV, and
WNV are mote stable during lyophiliza-
tion than BVDV (Fig.2), confirming
again the sensitivity of BVDV to this
process step.” This is important to
keep in mind should an investigation
of virus inactivation for an isolated
lyophilization step be desired, where
BVDV as a model virus may not neces-

55M [) ] 2 3 H 3 7

Time [days] of [ow pH incubation at 29°C (for CHIKY) or 30°C (for BVDV, WNV)

Fig. 4. Low-pH treatment of IVIG. Virus inactivation kinetics for incubation at pH 4.4
and pH 4.9 and 29 * 1°C {CHIKV) or 30 + 1°C (WNV, BVDV}. Mean results of two
runs (pH 4.4/pH 4.9) for CHIKV and three runs (pH 4.4/pH 4.9/pH 4.9) for BVDV and
WNV (pH 4.5 instead of pH 4.4) are shown. S5M = virus-spiked IVIG. For kinetic
samples with no detected infectivity, the LOD is shown; (V) first time point at which
no infectivity was detected in all runs. Lower detection limits for virus titer toward
the end of treatment is due to large-volume assays (butk}, (@) CHIKV; (©) BVDV;

(0D WINV.

demonstrating that there is potential for the global spread
of the virus® and that CHIKV has become a worldwide
public health concern.? Similarly, spread into and subse-
quent autochthonous transmission of CHIKY would be
entirely possible in the United States, where the mosquito
vector A. albopictus is widely distributed in urban areas,>®
a scenario quite similar to the advent of WNV in the United
States in 1999* and the epidemics since. Although reas-
suring data for the effective inactivation of small lipid-
enveloped RNA viruses by the virus inactivation methods
commonly used in the manufacture of plasma preducts
exists,'"1%?2% this work sought to experimentally confirm
the expected behavior for CHIKY, an Alphavirus and
therefore a virus genus that is currently not typically used
as a model virus.

CHIKV was subjected to virus inactivation methods
commonly used in the manufacture of plasma products:
pasteurization for HSA, vapor heating for FEIBA, $/D
treatment for IVIG, and incubation at low pH for IVIG. In
addition, some of the experiments were done with the
closely related SINV and the relatively recent concern
WNV, and the obtained results were compared to earlier
published inactivation data for the model virus BVDV'®
and for WNV,"?

Pasteurization of HSA resulted in effective inactiva-
tion of all the viruses tested, both at the low and at the
upper protein concentration relevant in manufacture. It
was shown that this mmethod inactivated the Alphaviruses
CHIKV and SINV more rapidly than BVDV and WNV,

During vapor heating of FEIBA, all the viruses inves-
tigated were already inactivated during the first heat
treatment phase. Vapor heating was therefore confirmed

i H ®  sarily represent a worst-case choice of
virus.

$/D treatment was again confirmed
as being highly effective for the inactiva-
tion of all the viruses investigated.®
Even only 5 or 10% of the S/D concen-
tration specified for the manufacturing
process was sufficient to rapidly and
effectively inactivate all the viruses
tested, and the results are thus in line
with the original findings establishing
this method as most effective in inactivating lipid-
enveloped viruses”™ Data from two different IVIG S/D
treatment processes, Gammagard 5/D and Gammagard
Liquid/KIOVIG, are included as they use the same S/D
reagents at identical concentrations. All available data
show that there Is no difference in efficacy of virus inacti-
vation between these two IVIG S/D treatments when
tested at process conditions as specified for manufactui-
ing scale.

Complete and effective inactivation of all viruses
investigated was obtained at the two different extrermnes of
the manufacturing specifications for the low-pH treat-
ment, where CHIKV and BVDV showed similar inactiva-
tion kinetics and WINV was most rapidly inactivated, an
observation that is in line with the known acidic
pH-dependent fusion machinery of Flaviviruses.®*” Com-
paring the resistance toward physicochemical inactiva-
tion across the different methods used in the manufacture
of plasma products, CHIKV was very similar in suscepti-
bility and virus inactivation kinetics to SINV, the other
Alphavirus investigated, as well as to members of the Fla-
viviridae family, WNV and BVDV. Regarding the overall
virus inactivation capacity, all the CHIKV spiked into
experimental downscales was completely inactivated well
before the end of these processes, indicating a great safety
margin of these dedicated virus reduction techniques.
Reassuringly, the inactivation methods tested were shown
to completely inactivate all the virus that was spiked into
the respective product intermediate and the data pre-
sented alleviate any CHIKV-associated concerns about the
safety of plasma derivatives. Altogether, the CHIKV results
obtained in this investigation provide solid reassurance of
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the safety of plasma derivatives. In addition, our results
verify that model viruses that are chosen according to
suggestions of the relevant guidelines'®—and if they are
sufficiently well understood to be similar to transfusion-
related viruses—are an adequate tool to predict the
behavior of new viruses of interest.
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Chikungunya
Outbreak in
Guangdong

Province,
China, 2010

De Wu, Jie Wu, Qiaoli Zhang, Haojie Zhong,
Changwen Ke, Xiaoling Deng, Dawei Guan,
Hui Li, Yonghui Zhang, Huiqicng Zhou,
Jianfeng He, Linghui Li, and Xingfen Yang

A disease outbreak with dengue-ike sympioms was
reported In Guangdeng Province, China, in October 2010.
Testing resuiis confirmed that the pathogen causing the
outbreak was chikungunya virus. Phylogenic analysis
indicated that this virus was a member of the Indian
Ocean clade of the East/Center/South African subgroup of
chikunglnya virus.

Chikungunya virus (CHIKV) is a mosquito-borne virus
that causes fever, headache, rash, nausea, vomiting,
smyalgia, and arthralgia, and hes had a major effect on
human health (Z,2). The first human infections caused
by CHIKYV were reported =60 years ago {1952-1953) in
eastern Africa (3). CHIKV has now become a worldwide
" public health problem. Although this virus is indigenous
to tropical Africa, outbreaks of CHIKV fever have been
reported in countries in the Indian Ocean region and
Southeast Asia {4-6). With an increase in global travel, the
risk for spreading CHIKV to regions in which the virus is
not endemic has increased (7).

Multiple sporadic cases of nonindigenous CHIKV
infection have been reported in China. In 1987, CHIKV

was isolated from the serum of a patient, and antibodies

against CHIKV were detected in a second, convalescent-
phase patient in Yunnan Province (8). Four imported case
of CHIKV infection confirmed by reverse transcription
PCR (RT-PCR) were detected in Guangzhou and Moming,
Guangdong Province, in travelers refurning from Sri Lanka
and Malaysia in 2008 (9,10). Another imported case from
India'was confirmed by using RT-PCR in our laboratory in
2009. We report an outbreak of CHIKV fever that occurred
in Guangdong Province, China, in 2010.
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China (Q. Zhang)
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The Study .
Guangdong Provinee i3 located in a subtropical zone. T
has a high relative humidity, an average yearly temperature

‘of 19°C-24°C, and an average yearly rainfall of 1,300~

2,500 mm. Aedes albopictus mosquitoes are abundant
and widespread. However, de. aegypti mosquitoes are
found only in western Guangdong Province and not in the
region around the city of Dongguan. In the months before
the outbreak, the weather in Guangdong Province was
particularly rainy.

During September 2010, patients reporting an illness
with dengue-like symptoms were recorded by lacal
community clinics in the suburbs of Dongguan, Guangdong
Province. For epidemiologic investigation, the Guangdong
Center for Disease Control and Prevention defined a clinical
case of CHIK fever as a case characterized by sudden onset
of fever with arthralgia, maculopapular rash, or myalgia.
We identified 173 patients (74 male and 99 female patients)
2-93 years of age in 2 adjacent villages who had sirnilar
symptoms. More than 85% of the patients were found in
these 2 villages in 97 families (>2 cases per family in 50
families).

The first patient became ill on September 1, and the
number of CBIKV fever cases rapidly increased afier
September 19 (Figure 1), indicating an outbreak of CHIKV
infections in the region. The outbreak spanned 2 months, and
the peak occurred at the end of September/early October.
None of the patients or any family members reported travel
abroad since July 2010, No deaths were reported as aresult
of the outbreak, and most patients recovered within 1 week
after onset of symptoms. No patients were hospitalized;
however, several elderly patients reported joint pain after
2 wecks.

Densities of de olbopicius mosquitoes were
investigated during the outbreak, and an especially high
Bretean index of 77-180 was observed. The abundant
rainfall likely resulted in an extremely high mosquito
density. To control the outbreak, mosquito control measures
were implemented and quarantine of patients with acute
disease was enforced.

To identify the pathogen causing the outbreak, we
collected 15 serum samples from 12 patients with acute
disease and 3 patients with convalescent-phase discase
who had dengue-like symptoms. Patient serum was
assayed for CHIKV nucleic acid, antibody, and virus. DNA
sequence analysis of amplified CHIKV envelope 1 (ED
was performed to infer possible source of transmission.
Specimens were tested by real-time RT-PCR for CHIKV
(1) and dengue virus,

Ten serum samples were positive for CHIKV. Virus-

" specificlgM and IgG were detected by IgM and 1G capture

ELISAs (IBL, Hamburg, Germany). Seven samples were
positive for [gM and 1 sample was positive for IgG (Table).
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Figure 1. Cases of chikungunya infection in Guangdong, China,
September 1-October 1, 2010. Black bar sections indicate clinical
cases and white bar secfions cases confined by molecular
analysis.

There were 3 case-patients in whom CHIKV nucleic acid
and antibody were found at the same time; 2 of these were
in serum samples obtained 3—4 days after these samples
were found to be positive for CHIKV IgM. We infer that
high cross-reactivity in the ELISAs might contribute to
these results. ’

For phylogenetic analysis, RT-PCR was performed
as described (12), and 7 amplicons were sequenced, The
10 nucieic acid—positive specimens were placed on C6/36
and BHK-21 cell lines to isolate CHIKV. Serum samples
were 2-fold serially diluted 6 times (1:50-1:1,600)
minimal essential mediom, and 1 mL of diluted sample was
added to each well of a 24-wel] culture plate. Specimens
were incubated at 33°C in an atmosphere of 5% CO,
and observed daily for <7 days for cytopathic effects
(CPEs) (online Appendix Figure, wwwne.cde.gov/EID/
article/18/3/11-0034-FAL.htm). After specimens were
incubated for 4-7 days, 3 CPEs were observed on C6/36
and BHK-21 celis. Development of CPEs in C6/36 cells is

unusual for CHIKYV. However, we ooserved the effect of
C6/36 cell fusion on 3 specimens. We speculate that a virus
mutation causes an increase in virulence or changes effects
on infected C6/36 cells.

Phylogenetic analysis was performed for partial E1
sequences (7 from this study and 24 from GenBank) by
using MEGAS ({3). Nucleotide sequences were separated
into 3 subgroups corresponding to the 3 globally circulating
subgroups (Figure 2). Sequences of the 7 PCR products
obtained in this study showed few differences from each
other. Paired sequence identity ranged from 98% to 99%
at the nucleotide level, Genetic analysis of the 325-ut
fragment of E1 genes obtained in this study showed that all
7 sequences clustered in a unique branch within the Indian
Ocean clade of the East/Central/South African (ECSA)
genotype, and close to Thailand (GQ870312, FJ382511,
GU301781), Malaysia (FI998173), Taiwan (FI807895),
and China (GU199352, GU199353) isolates (98%—99%).
The translated E1 gene fragment from 1 of the 7 isolates in
this study (China/GD112/2010) had an expected 2-codon
deletion. This deletion was also present in the ESCA clade
but was not found in the other 6 isolates.

On the basis of sequence analysis, the highest degree
of identity was observed with outbreak isolates and the E1
sequence from the Thailand sirain (FI882911) isolated in
2009. Paired identity values were 99% at the nucleotide
level and 100% at the amino acid level. Nucleotide
substitute analysis showed that a common nucleotide
substitution was observed at partial E1 gene site 250 (T'C)
ifn outbreak isolates and FI882911. This substitution was
not observed in other analyzed sequences from GenBank.
These results suggested that the virus causing this outbreak
was likely transmitted from a source in Southeast Asia and
probably evolved from a strain that originated in Thailand.

Table. Characteristics of case-patients and serum sample defection for chikungunya virus, Guangdong, China, 2010*

Case-

Date of Signs and symptoms Test resulis
patient 1D Age, symptom onset, Red Virus  Realtime RT- g/
no. yisex Sep 2010 Fever face Headache Arthralgia- Myalgia MR isolation PCR/RT-PCR  IgG
Di0112 33/F 27 + - - + ¥ + - 4 o
Di0113 T 29 + + — + + + + +i -l
D10114 62/M 30 + + + + - - + ¥ i
D10115 48/F 30 + - - + - +* + +H+ i
D10116 60/M 28 + - - + + - - i -
D10117 38/M 27 + + - + + + - +— +/-
D10118% 58/M 19 + + - + - + ND —IND ++
D10119 59/F 26 - + - + - + ND —IND —/-
Di0120 10/F 25 + - + - - + ND -IND +i-
D124t 56/F 21 + + - + - + ND -/ND +/-
D101221 24/F 21 + + - + + + ND —/ND -
D10123 3F 26 + - - - - + - +— -
D10124 ~ 60/ 25 + - - * + + - Ryrs -
Di0125 BO/F 29 + - - + + + — ++ Y
D10126 39/M 28 + - - + ¥ + - +i+ +/—

*All samples were obtained on Cctober 1, 2010. ID, identification; MR, maculopapular rash; RT-PCR, reverse franscription PCR; +, positive; —, negative;

ND, not done.
1 Convalescent-phase case-patient.
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Conclusions )

CHIKV was not endemic to China before 2010.
However, in recent years, CHIKV strains from Southeast
Asia with the ECSA genotype have been fransmitted by
infected persons to Guangdong Province. We report an
outbreak of CHIKV fever in China. The low severity of
the disease and misdiagnosis of dengue fever has likely
encouraged widespread transmission of the virus. High-
density mosquito populations and an immunologicaily
uninfected population were 2 contributing factors in this
outbreak,
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Deaths from gastroenteritis double
C. difficile and norovirus are the leading causes

The number of people who died from gastroenteritis (inflammation of the stomach and
intestines that causes vomiting and diarrhea) more than doubled from 1999 to 2007, according
to a study by the Centers for Disease Control and Prevention. The findings will be presented
today at the International Conference on Emerging Infectious Diseases in Atlanta.

CDC scientists used data from the National Center for Health Statistics to identify
gastroenteritis-associated deaths from 1999 to 2007 among all age groups in the United States.

“Gastroenteritis is a major cause of death worldwide,” said lead author Aron Hall, D.V.M.,
M.S.P.H., of the CDC’s Division of Viral Diseases. “By knowing the causes of gastroenteritis-
associated deaths and who's at risk, we can develop better treatments and help health care
providers prevent people from getting sick.”

~ Over the eight-year study period, gastroenteritis-associated deaths from all causes increased
from nearly 7,000 to more than 17,000 per year. Adulis over 65 years old accounted for 83
percent of deaths. Clostridium difficile (C. difficile) and norovirus were the most common
infectious causes of gastroenteritis-associated deaths.

There was a fivefold increase, from approximately 2,700 to 14,500 deaths per year, for C,
difficile, a type of bacteria often associated with health care settings. C difficile, which causes
diarrhea, accounted for two-thirds of the deaths, Much of the recent increase in the incidence
and mortality of C. difficile is attributed to the emergence and spread of a hypervirulent,
resistant strain of C. difficile.

Norovirus was associated with about 800 deaths annually, though there were 50 percent more
deaths in years when epidemics were caused by new strains of the virus. Norovirus is highly
.contagious. It spreads through person-to-person contact and contaminated food, water, and
surfaces. People can get norovirus illness throughout the year, but cases peaked between
December-February. Norovirus causes more than 20 million illnesses annually, and it is the
leading cause of gastroenteritis outbreaks in the United States.

“While C. difficile continues to be the leading contributor to gastroenteritis-associated deaths,
this study shows for the first time that norovirus is likely the second leading infectious cause,”
said Hall. “Our findings highlight the need for effective measures to prevent, diagnose, and
manage gastroenteritis, especially for C. difficile and norovirus among the elderly.”

#i# )

U.S. Department of Health and Human Services

CDC works 24/7 saving lives, protecting people from health threats, and saving money
through prevention. Whether these threats are global or domestic, chronic or acute, curable or
preventable, natural disaster or deliberate attack, CDC is the nation’s health protection
agency.

Historical Document: March 12, 2012
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Transfusion-Associated Bahesiosis in the United States:

A Description of Gases

Barbara L. Herwaldt, MD, MPH; Jeanne V. Linden, MD, MPH; Elizabeth Bosserman, MPH; Carolyn Young, MD; Danuta Olkowska, MD; and

Marianna Wilson, M$

Background: Babesiosis s a potentially life-threatening disease
caused by intraerythrocytic parasites, which usuafly are tickborne
but also are transmissible by transfusion. Tickborne transmission of
Babesia microti mainly occurs in 7 states in the Northeast and the
upper Midwest of the United States. No Babesia test for screening
blood donors has been licensed.

Objective: To ascertain and surmarize data on U.S. transfusion-
associated Babesia cases identified since the first described case in
1979.

Design: Case series.
Setting: United States.

Patients: Case patients were transfused during 1979-2009 and
had posttransfusion Babesia infection diagnosed by 2010, without
reported evidence that another transmission route was more likely
than transfusion. Implicated donors had laboratory evidence of
infection. Potential cases were excluded if all pertinent donors
tested negative.

Measurements: Distributions of ascertained cases according to
Babesia species and period and state of transfusion.

Results: 159 transfusion-associated B. microti cases were included;
donors were implicated for 136 (86%). The case patients’ median
age was 65 years (range, <1 to 94 years). Most cases were
associated with red blood cell components; 4 were linked to whole
blood-derived platelets. Cases occurred in all 4 seasons and in 22
{of 31) years, but 77% (122 cases) accurred during 2000-2009.
Cases occurred in 19 states, but 87% (138 cases) were in the 7
main B. microti~endemic states. In addition, 3 8. duncani cases
were documented in western states.

Limitation: The extent to which cases were not diagnosed, inves-
tigated, reported, or ascertained is unknown.

Conclusion: Doror-screening strategies that mitigate the risk for
transfusion transmission are needed. Babesiosis should be included
in the differential diagnosis of unexplained posttransfusion hemo-
Iytic anemia or fever, regardless of the season or U.S. region.

Primary Funding Source: None.
Ann Intern Med. 2011;155:509-519.

For author affiliations, see end of text.
This article was published at www.annals.org on & September 2011.

www.annals.org

B abesiosis is caused by intraerythrocytic parasites, which
usually are tickborne but also are transmissible by
transfusion (1-9). In the United States, 2 species—DBabesia
microti and B. duncani (formerly, the WAI-type parasite
{10, 11])—have been associated with both transmission
routes. The predominant zoonotic agent is the rodent par-
asite 'B. microti, which is transmicted by [xodes scapularis
ticks in expanding foci in the Northeast and upper Midwest
of the United States, particularly during spring and summer
{1-3, 12), The first described tickborne and transfusion-
associated B, microti cases occurred in Massachusetts in 1969
and 1979, respectively (13—15); the first such B, duncani cases
were in Washingron in 1991 and 1994 (10, 16).

Regardless of the transmission route, Babesia infection
can range from asymptomatic to severe, in part depending
on host factors (for example, asplenia and advanced age).
Clinical infection is characterized by hemolytic anemia and
nonspecific flu-like symptoms (such as fever, chills, and
myalgia). Complications can include multiorgan dysfunc-
tion, disseminated intravascular coagulation, and death
(1-3, 6, 7). Although a history of babesiosis is an exclusion
criterion for blood donation (1), persons who meer all eligi-
bility criteria (for example, they feel well, are afebrile, and are
not anemic) can have low-level parasitemia and remain infec-
tive for months, even longer than a year (1-6, 16, 17). No
Babesia assay for screening donors has been approved by the
U.S. Food and Drug Administration (FDA} (1).

www.annals.org

Posttransfusion babesiosis has been increasingly recog-
nized (5-9, 18-29). However, national dara and perspec-
tive about the U.S. burden of cases have been lacking. The
Centers for Disease Control and Prevendon (CDC) led a
collaborative endeavor to ascertain and compile data on U.S.
postiransfusion cases identified during the 3 decades since the
first described case in 1979 (14). Here we summarize the
transfusion-associated Babesia cases that we ascertained, in-
cluding their distributions by species, time, and place.

MEeTHODS
Data Sources

- Since the 1960s, the CDC's Parasitic Diseases Labo-
ratory has been a national reference laboratory for Babesia
testing. The CDC is often contacted regarding diagnos-

See afso:
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Context -

Babesiosis, a pé.rasitic infection transmitted through tick
bites, can also-be acquired via blood: transfusion and may
result in-life- threatenmg diséase: There is no U.S..Food .
and Drug Admmlstratlon—hcensed test to screen blood

‘ donors for Babesra |nfect|on

: Contnbutron

The rtsk for tra.nsfusmn assot:la.ted Babesra lnfection may
bei mcreasmg Cases Fave: occurred year-round and have

been seen in states where B esré spec1e5 are not’
. endem:c : . .

- CAUtIBH - e
A_Although the cases agqnl_:ed 0 transfusnon undoubtediy

represent afraction ‘of those that occuried; some tickborne-
cases inadvertently might tave been’ mcjuded.

K Impﬁcaﬁbn‘

Improvements_m he preventi d detectio
transfusmn-assoc;ated babesms:s are urgently needed

—The Editors

tassaciated Babe
s

tic, clinical, and epidemiologic aspects of transfusion-
associated and other Babesiz cases. In addition o CDC
records (such as records of test results, consultations, and
case investigations), data sources for this endeavor included
health departments, blood collection and transfusion ser-
vices, other health professionals, and published materials
and abstracts. The dara available via health departments
varied by jurisdiction and period; babesiosis was not a re-
portable disease in all states and was not nationally notifi-
able until January 2011. Although data were not systemat-
ically collected, some health departments, including those
in babesiosis-endemic states, have routinely notifted the

- CDC of potential transfusion cases and have submitted

Buabesin surveillance data to the CDC. Despite the inherent
limitations of passive surveillance, collaborative relacion-
ships with public health and other pertinent agencies facil-
itated case ascertainment and data collection. We compiled
and compared information obrained from multiple sources
to maximize the quantity and quality of data and to min-
imize double counting,

Case Criteria and Classification
For these analyses, we established selection and classi-
fication criteria for transfusion-associated Babesiz cases.

Trans_'fijsie'n-aséoeiated cases
{n1'= 152 [148 donatiohs by 141.danors])

v_

v

: Cluster casés”

{See Table N0

[

(n 30, 12 clusters {19 donatlons by 12 donors]')

Noncluster cases . ' -
(n 129 [129 donations by 129 donors])

Nonlndax cases (h = 18) L«

v

lndexca.ses(n ='12)

{

index cases {n = 129)

I

... Index cases
{n =141 {141 ddnations by 141 donors])

t

—

Linked to a donor
{n =118)

v

|

" Not I!n:ked to a donor
{n =23}

k.

Definite cases
[ =’51) ’

Probable cases
{n=57)

Possiblé cases
(n=23)

By type of case (cluster vs. not; index vs. not) and by class of index case (definite, probable, or possible). This figure, in conjunction with Table 1,
provides perspective about the criteria for and the tallies of cases, donors, and donations. The 139 B. microti cases include 141 index cases and 18
nonindex, cluster cases. Each index case was associated with a different donor, wheiher implicated {# = 118) or virtual (» = 23; see Methods secrion).
The 61 index cases classified as definite include the index cases for the 12 multicase clusters (Table 1), which encompass 18 additional cases, for a total

of 79 cases. The 3 B. duncani cases are not included in the figure.
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www.annals.org



Transfusion-Associated Babesiosis

ORIGINAL RESEARCH

lé‘%t f?ﬁ:

mﬂsﬁ:ﬁ

TransfuE stcmE g-Asst:crated!BaJ!:v (
TR e L e S T

rcroﬂ asesm

EE pe e e

Cluster State (Year) of Case Type Case Characteristics Data on Babesfa Comments About Recipients Other Than
Transfusion Caset Case Patients$
7 single-donation
clusterss . -
A RI (2004} . Index - Preterm rnfant . Smear/PCR-positive _ Another preterm corecipient of RBCs was
- .. treated ernpmcally ’
, Corecrplent Preterm infant Smear/PCR-positive  ~
- , . Corecipient Preterm infant Smear/PCR-positive  ~
B RI (2006} Index Preterm infant Smear-positive No additional information
Corecipient Preterm infant PCR- positive -
B Corecipient _Preterm infant PCR-positive - X
[ VA (2009) Index” - Pretérm infant’ SmearlPCR-pnsmve No ather coreciplents
Corecipient Preterm infant - Smear/PCR-positive  {Lockback: reciplent of RBCs donated
) . o .o o o 3 mo carlier tested negative) .
o ‘. Corecipient |~ “Preterm infant Smear/PCR-positive - o
D NY {1557) " Index Full-term infant Smear/PCR-positive  Platelet coredipient (age 11 v} and 2
preterm corecipients of RBCs tested
negative
Corecipient Preterm infant Smear/PCR-positive  (Lookback >1 y earier: RBC recipient
tested negative; platefet recipient died
=3 wk after transfusion)
. . Carecipient Age 70y, Gl bleeding Smear/PCR-positive - L : -
- E NY (1999} tndex: Preterm mfant Smear/PCR -positive  Platelet corecipient reportedly was
- N T . . asymptomatic and was not tested’
Corecipient Age 28y SCD : PCR-positive _ (tookback: “no adverse outcofnes”
. i . . L reported for reciplents associated with
. . - . . : : .2 previous' danations) ‘
F CT (2006) Index Neonate "Proven infection” No additional information -
. . Corecipient . Age32y, 5CD "Proven infection” - . ) . N
G MN (2008) ° fndex ' Age 92 y; asplenic Smear/PCR-positive  Double REC donation: both recipients
L . ’ became infected and are listed here
Corecipient Age 36 y; surgery PCR-positive - - T -
5 multidonation
clusters|| , - e . - . .
. MN (1999) . Loukbar.k (Puly. donation) Age 78V al bleedlng PCR-positive Platelet corecipient {age 70 y) tested
) negative about 8 mo after transfusion
MN{1999) -~ Lookback (September donatlon) - Age 80y, s . PCR-posmve : No _corecipients -
" MN {1999) i ‘rndex (No\rember dnnatmn) ) Age [:3'H surgery - SmearIPCR-posmve "' Platelet coreclpnent (age 81 v) Yested -
VL = . . -, o .- - negative about 6 mo after transfusron
MN (2000) - . Lookfarvard (Jan ary donation) . AAge 67 v surgery Seroposltive. . * RBC carecipient {age 73 y) dled 2 d aﬂer
. et e R transfusion .
I NY (2002) Loukback “(Nharch donation) Age 78 v surgery PCR-pasitive {Further lookback: recipient assoctated
with December 2001 donation tested
negative)
NY (2002) Index (May donatlon) Age 80 y; cirhosis Smear-positive No ¢orecipienis
J NY (2003) B Luukba.ck {Qctober: donatjon) | Age52y; surgery Seropositive (Furthiér lookback: no information about
. . ce " recipient of RBCs donated in August)
MA (2004) . Index (D_ecember_z_ogi dqr_t_atipr_\) o~ Age74 y,_'g:arc_lnoma Smear-positive No additional information
K Wi {2007) Lookback {August donation) Age 83 y; surgery Seropositive (Status of other recipients of RBCs
donated in 2007: 2 died; 1 tested
negative; 1 lost to follow-up)
. FL{2008) . Index (February 2008 donation) Age 83 y, Gi bleedlng Smear/PCR-positive  No corecipients
L - MN (2008} Index (August dunatlun) 70 hge 61y leukemia ' SmearIPCR-posrtwc 'No :oreapxents (lookback: RBC recipient
e ) associated with May donatlon tested
. .. ' . negative)
MN (2008) . Lnnkfnrward (O:tober dunahon) Age 53 y, surgery Semposiﬂve No coreqpxents

CT = Connecticug; FL = Flonda, Gl = gastromt:sunal MA= Massachus:m. MN = Minnesots; NY = New York; PCR = po]ymcrasc chain reaction; RBC =

cell; RI = Rhode Island; SCD = sickle cell disease; VA = Virginia; W1 = Wisconsin.
* The 12 identified clusters encompass 30 cases {1 per row) linked ro 19 donations by the 12 implicated donors; the 30 cases include 12 index and 18 nonindex cases {11
in corecipients, 5 detected in fockback investigations, and 2 from lookforward investigations). One case was linked to whole blood-derived platelets (cluster H; fourth
donation) (3); che other 29 were linked to RBC components, Among infants with available dara, the smallest cransfused volume was approximately 8 mL. In 2 multidonation
clusters (J and K), case patients were identified in 2 states. In cluseer ], both denations were in Maine, by 2 donor probably exposed in Massachusetes; in cluster K, a Wisconsin
resident also donated in Florida Five of 12 implicated donors had parasitologically confirmed infeccion, on the basis of testing an original unit segment (B, C, D, and
G) or subsequent specimens (H); the donor linked to cluster H still had demonstrable parasitemia, by PCR analyses, 4 mo after che fourth donarion, 10 mo after
exposure (5). For cluster A's donor, a segment was available bur results of PCR analyses were negarive.
T “Serapesitive” is noted only fot the 4 nonindex cases thac wete not parasitologically confirmed: The recipracal antibody citers ranged frem 256 to 1024 in B. microti

indirect Buorescent antbody testing.

¥ For recipients other than case patients, “rested negative” denotes seronegativity, at a minimum.
§ 18 cases (13 in infants and $ in adults); 2-3 cases per cluster,

red blood

{ 12 cases (all in adults); 1 case per donation; 2-4 donations per cluster.

transmission (for example, tickborne or perinatal} was
more likely than cransfusion. We also required thar linked
(implicated) donors have laboratory evidence of infection.
We excluded potential transfusion cases if all pertinent do-

Our minimal case criteria included receipt of 1 or more
cellular blood components during 1979-2009, postrans-
fusion laboratory evidence of Babesiz infection detecred by
2010, and no reported evidence that another route of
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Variable All Cases {7 = 159) Stratification of Alf Cases, by Type (n = 159}
Index Cases (n = 141 [85%]) Nonlndex Cases n= 18 [11 %
Age at diagnosis, n _157 oo ) 139 o 7 o 18
Median age (range: IQR), yT ) 65 (<1—94 39—78} 66 (<1-94; 44-79} 34 (<1-83; <1-70]
Patients aged <1y, r (%) o 18011 . 11 (8 . . 7 3%
Patients aged =1 y to <50y, n (%) 33 =21 30 {22y . 3 (17)
Patients aged =50 y, n (%) . . 106 (68)7 L. 98O} . 8(44)
Male sex, n/m (%) o 7enssen) 73113853y 5/18 (28) -
State of transfusion¥ . i . . .
B. microti-endemic state, subtnz‘af n {%) - 138(8h y ’ 122 (87) . 78 (59)
Northeast (CT, Ma, NJ, NY, or RI), 7 ] ] 118 108 10
Upper mMidwest (MN or Wi, a N 20 . 14 &5
Other state, sublotal rn (%) L o 21 _(_‘{32 o . L 15‘{(13)_ . 2011
Eastern state, n L i7 o . 15 2
Not an gastern state, n 4 4 Q

Year of transfusion

fedian (range) : R "o . 2005 (1979-2009) o 2005 (1979-2009) 2004 (19972009}
By penod n (%)
19791984 J e ad@ T T am 0.
1985-1989 3() ) 3 0
1990-1994 ' ’ T B - C T -1 A o
1995-1999 24 (15) 19(14) 5(28)
20002004 ‘ s e -1 T 508
2005-200% 21 (57) 83 (59} 8 (44)
Month of symptom onset or diagnesis, 1§ I o ’ ’ o= ’ . ’ 128 . . -
Median (range) - Sep {an-Dec) . -
Interval from transfusion to diagnosis, Al L . o= IV L 114, . . -
Median {range; IQR), & ) - 42 (14—230‘ 34—53) -
Panssitologically confirmed infection, a (%M~ 7 0 [ 83e8: [ T 14078
lsﬁrgical splenectomy, sublotal n** o - * .32 A N ;
History, n a7 . 17 Q
Peritransfusion, 7 . O RN a
=1 mo after transfusion, n 3 3 g
Underlying condition ar cantext for transfuston {1 per patient), n .
Hematologic disorder, subtotal n : . e - T 37 ]
Hematalogic cancer 14 14 0
Sickle cell disease S ’ ’ - . -1 - 9 2
Thalassemia major 7 7 0
Cther hématologic disorder 7 7 o
Cardigvascuiar surgery ur prucedure 22 20 2
Gastrointestinal disease, bleeding, or surgery . NRE ) 12 ) 2
Trauma with posttraumatic splenectomy®* 8 8 [}
Solid-organ transplzntationtt ’ . 5 5 0
Other surgery, pracedure, or trauma . 13 ] 4
Newbom of complications of prematurity T o 5 7 -
Carcinoma 13 13 o
Other medical reason or diagnosis : 14 4, o
Not specified 10 9 1
All-cause mortality, m (%)% ’ o o s ST Braw - RNG]
Blood donot, n (%)5§ o T REECCO B £ 17 ’ . . 184100) s
Parasitologically confi rmed subtotaf n 24 24 -
PCR-positive unit segment, n ] AR - . - 12, ST Z

CT = Connecricur; IQR = interquartile range; MA = Massachusews; MN = Minnesota; N] = New Jersey; NY = New York; PCR = polymerase chain reaction; RI
Rhode Island; WI = Wisconsin.

* Data are number of cases/patients, unless otherwise nored. Diagnosis zefers 1o babesiosis. Transfusion and blood donor refer 1o those associated with 2 case. Percenrages
might not total 100% because of rounding

T Because a lower proportion of patients with index vs. nonindex cases were younger than 1y (P = 0,001}, the age distribucions for index vs. nenindex pmcnts were
significantly different (P = 0.009), but nox if the age compar[snn was limited to adults (P = 0.3).

# See Mechods section and Figure 2. The “eastern state” category consists of Delaware, Florida, Indiana, Marytand, New Hampshire, Notth Carolina, Ohio, Pennsylvania,
and Virginia, The “nor an eastern state” caregory consists of California, Texas, and Washington.

§ If boch were known and were different, the earlier month was specified. Pata for the kidney donor (see text) were not included in analyses of month of diagnosis or interval
to diagnosis.

|| See Figure 3 regarding index patients. Among nonindex patients (Table 1), the interval o diagnosis depended on host factors, type of recipient {corecipient vs, orher), and
various aspeets of the investigations. Although most of the ascertained nonindex patients who were adults reportedly were asympromatie, clinical information in such regards
typically was anecdotal or unspecified. In some investigations, other recipients could nor be 1ested because they had alieady died.
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Stratification of Index Cases, by Class (n = 141)

Definite Cases {n = 61 [43%])) Probable Cases {n = 57 [40%]) Possible Cases {(n = 23 [16%])

60 . o 56 . . R
69 {<1-34; 27-81) 65 (<1-92; 45-78) 67 (<1-87; 53-77)
9(15) ) 102) : . L 104}
11(18) 16 29) . ) 3(13)
. 40 (67 .o 3900 . ’ 19 (83)
26/60 (42) 33/55 (80, . S . . . 15/23 (65)
44 (72} - . ©os7¢o) L . 21 (91)
17 (28) R T S 219)
2005 (1980-2009) . . R ’ 2006 (1979-2009) | - o 2005 (1993-2009)
3 (5 1@ 0
2@ 10 0
13 4o o . 16)
 9ys) 5(9) 5(22)
C13EN . . . .o 208 o ’ o 402
33 (54 37 (55) 13 (57)
56 . ' . o @ o S 200
Aug (fan-Dec) QOct Uan-Dec) Sep {Jan~Dec)
83 . . . ) 50 ol : L. . M- .
43 {22-230; 35-52) 42 (14-225; 34-58) 42 (14-54; 21-52)
| 61(160) o . 1) T N £ 14 ]
14 IR +1 . ' 9
8 8 1
2 2 T It .8 .
1 2 0
11 -20 6
3 7 . 4
4 5 - 0
Ed 3 1
1 5 q
8 7 i 5
8 6 3
2 2 4
1 ' 4 o
7 2 o
8 1 0
5 6 2
.9 3 2
2 & 1
1418 - 12 (21) 4(17)
B1 (100) ) 57 (100} . o
22 2 ]
0 i

12 R v

1l Index cases were known or presumed to be parasitologically confirmed, with the exception of 2 cases classified as probable transfusion cases: the case in the kidney donor
(sce exc) and a case diagnosed in retrospect, after recovery (30).

** The data consfitute minimum numbers of case patients. Among the 12 known to have undergone splenectomy during the peritransfusion peried, the contexts were
trauma (= = 8) or abdeminal surgery for ocher reasons (n = 4). The cases in the 3 paticnts known to have undergone pesttransfusion splenectomy include 1 definite case
{the index case of cluster L [23]; Table 1} and 2 probable cases, including the first described cransfusion case (14).

1t Three teceived a kidney (living related [31], living unrelated, or cadaveric), 1 received a heart (29}, and 1 underwent bilatera! lung transplantation.

++ Although outcome data were unavailable for some patients, we assumed that no other case parients died in the short term. The patients known o have died include 2
cluscer-associated infants whose gestational ages were 23 and 24 wk, 2 (of 5) patients aged =90 y, and 6 {of 32) patients known to have undergone surgical splenectomy.
§8 In ac least 4 case investigations, more than 1 donor had laborarory evidence of inieccion, typically 1 of wham was the most plausible on the basis of laborasary or
epidemiologic data. However, the possibility of receipt of more than 1 contaminated unit could not be excluded.
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nors tested negative. If multiple cases were linked to the
same donor, we defined the interrelated cases as a clusrer,

the first identified case as the index case (1 per donor),.
and the other cases in the cluster as nonindex cases (Fig-
ure 1 and Table 1). To facilitate bookkeeping, we defined
all cases that were not cluster-associated as index cases (1

per donor).

In general, index cases were parasitologically con-
firmed (Table 2} (30, 31); their detection prompted a
transfusion investigation; and the linked donors and non-
index cases, if any, that were identified had parasitologic or
serologic evidence of infection. We defined parasitologic
evidence as detection of Babesiz parasites (on blood smear
or by animal inoculation) or Babesiz DNA (by a molecular
method). Serologic evidence of B. microti infection re-
. quired positive results either by indirect fluorescent anti-
body (IFA) testing for total immunoglobulin or IgG or by
immunoblot for IgG.

Index Babesiz cases thar fulfilled the selection criteria
were classified as definite, probable, or possible transfusion-
associated cases (Figure 1). If no donor was implicated
among the subset of pertinent donors who could be tested,
an index case was defined as a possible case, even if trans-
fusion was the only known risk factor for infection. All
index cases thar were linked to a donor were classified as
definite or probable cases. An index case was defined as a
definite (vs. probable) transfusion case if at least 1 of the
following additional criteria was fulfilled: 1) Transfusion
was the only known or plausible risk factor for infection
(for example, there was no history of residence or travel in
babesiosis-endemic areas); 2) a multicase cluster was iden-
tified, with art least 1 nonindex case besides the index case
(Table 1); 3) the linked donor’s infection was parasitologi-
cally confirmed by testing an extant segment from the orig-
inal blood unir; or 4) other donor evidence indicated active
infection at the time of donation (for example, a polymer-
ase chain reaction [PCR}-positive specimen that reflected
the donor’s status ar donation).

Data Analysis

We conducted univariate analyses for descriptive pur-
poses by using Epi Info, version 3.5.1 (CDC, Atlanta,
Georgia), and SAS software, version 9.2 (SAS Instituce,
Cary, North Carolina). Proportions were compared by us-
ing the chi-square test, or if expected cell counts were less
than 3, the Fisher exact test. The Wilcoxon 2-sample rest
was used to compare the ranked distributions of ordinal
variables. Staristical significance was defined as a 2-sided 2
value less than 0.05.

Unless otherwise specified, we stratified cases by pe-
riod and state of transfusion (Table 2 and Figare 2) (32).
We refer to 7 states with well-established foct of zoonotic
transmission as “B. microti—endemic states” 5 stares in the
Northeast (Connecticut, Massachusetts, New Jersey, New
York, and Rhode Island) and 2 in the upper Midwest
(Minnesota and Wisconsin) (1, 12). The distinction be-
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tween these and other states (for example, in Figure 2) is
not meant to imply that tickborne transmission occurs
throughout these 7 states, that it occurred in all 7 states
throughout 19792009, or that these are the only staces in
which it did or does occur. Of note, during case selection
and classification, we considered the evolving focality of

- tickborne transmission within and among states.

Role of the Funding Source
The study received no external funding.

ResuLTS
General Perspective and Summary

For the period of 1979-2009, we included 162
transfusion-associated cases: 159 B, microti cases and 3 B.
duncani cases, which are described separately. The 159 B.
microti cases include 12 multicase clusters encompassing
30 cases: 12 index cases (1 per cluster) and 18 nonindex
cases (5, 8, 9, 20-25) (Figure 1 and Table 1). In total, 141
B. microt cases were defined as index cases: the 12 cluster-
associared index cases and 129 additional cases (Table 2).
Figure 2 shows their distribution by period and state of
transfusion. During the inital 11 years (1979-1989), 7
index cases occurred in 5 srares (14, 17, 32-36). In con-
trast, during the third decade (2000-2009), 109 index
cases (77% of 141) and 122 total cases (77% of 159) oc-
curred in 18 states (5-9, 18-21, 24-29, 37-42). The
associated blood donations occurred in all 12 months (Ap-
pendix Figure, available ac www.annals.org); 59% were
during July—October.

Overall, 122 (87%) of the index cases (138 total cases
[87%)]) were associated with transfusions in the 7 main B.
microti-endemic states (Figure 2 and Table 2), although
not necessarily in areas of endemicity. The other 19 index
cases (13%) generally were attributable to interstate move-
ments of donors ar blood compenents (Figure 2). Various
scenarios are exemplified by the 4 cases not in eastern stares
(Table 2), 2 of which were ateriburable to donor travels:
A Rhode Island resident donated while training in Wash-
ington {26), and a Texas resident donated in that state after
spending the summer in Massachusetts (6). In contrast, the
other case in Texas and the case in California were linked
to donations in New Jersey and Maine (27), respectively.
Local distribucions of components collected in New Jersey
also accounted for 2 cases in Pennsylvania (8, 37) and 1 in
Delaware (18).

Case Characferistics

Table 2 summarizes selected characteristics of the
cases, stratified by type of case (index vs. nonindex) and by
class of index case {definite, probable, or possible). Table 1-
provides additional perspective on the cluster-associated
cases, which necessitated distinguishing between index and
nonindex cases. Overall, the case patients had a median age
of 65 years; 32% were either very old (33 were in the ninth
or tenth decade of life) or very young (18 were infants, 13
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of whom were cluster-associated). The 19 patients with
hereditary blood disorders account for 73% of the 26 pa-
tients in the age range of 4 to 43 years. These 19 patients
include 11 with sickle cell disease (8, 9, 28), 7 with thala-
ssemia major (35, 43), and 1 with Diamond-Blackfan ane-
mia (18); they account for at least 9 of the 32 pacients
known to have undergone surgical splenectomy. Three el-
derly patients with hemarologic disorders underwent post-
transfusion splenectomy (32, 134, or 215 days later), and
their Bubesia cases were diagnosed thereafter (Figure 3 and
Table 2). For 2 of these patients, parasites were noted
during retrospective review of presplenectomy blood
stirears, a finding that refocused the investigations on ear-
lier transfusions and donors than on those initally
targeted.

Five patients with transfusion cases had been trans-
planted with solid organs within the previous 3 months
(Table 2). In addition, indirect evidence suggests that a
kidney donor who received multiple transfusions the day
he died served as a conduit of Babesia parasites from 1 of
his blood donors to both of his kidney recipients, who
developed parasitologically confirmed infection (40). No
B. microti antibodies were detected by IFA testing of ar-
chived pretransplantation serum from the kidney recipients
or of pretransfusion serum from the kidney donor (Table
2). However, postdonation specimens from 1 of his blood
donors wete seropositive (24).

The median interval from transfusion to onset of clin-
ical manifesrations was 37 days (range, 11 to 176 days)
among 84 index patients with available data (Figure 3).
Although babesiosis generally is considered a febrile illness,
13 (of 105} index patients were afebrile (9, 26, 32), includ-

ing at least 4 adults who had cancer or were receiving -

immunosuppressive therapy. The median interval from
symptom onset to diagnosis of index cases was 6 days
(range, 0 to 54 days; » = 84). Babesiosis often was diag-
nosed incidentally, in some instances during routine out-
patient evaluations (6), during hospitalizations for unre-
lated reasons, or after the patient had recovered (30) or
died (data not shown). Typically, Babesia parasites were an
unexpected finding when 2 blood smear was examined,
usually in the context of a complete blood count with a
manual differential (9). When intraerythrocytic ring forms
were noted, malaria was the first diagnostic consideration
for more than 20 index patients, at least 14 of whom were
initially treated for malaria.

The minimum all-cause mortality rate among index
patients was 19% (6-9, 18, 19, 32-34, 40, 44) (Table 2);
Figure 3 provides various intervals to death. Some patients
had a bleak prognosis even without the potential com-
pounding effects of babesiosis. The 27 index patients
known to have died include the kidney donor described
earlier, whose posttrauma death on the day of transfusion
clearly was unrelated to babesiosis. For other patients with
available data, there was a spectrum of likelihood that
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© 90~

O Babasia microfi—endemie state (7 = 122)
80 g Other state {1 = 19)
70+

60
50
404
30
20
10

Index Cases, n

- 1 -

1979-B4 19859 19504 1995-9 20004 20059
‘Transfusion Period
Cases, n

Endemic states*

Massachusétts _ 2. . .. . 07 .2 0 42
New York 2 7 10 25
Conneeticut . -~ ... 1 [ .4. 7 1 6
Minnesota 1 1 1 8
Rhodefsland’. - "7 7oL 1T 1. 8 11
New Jersey 2 1 4
Wisconsin I
Other statest

New Hampshiret~ -~ | 1~ R ; .

Maryland§ 1 2
Penrisylvania =~ | E T 1 2
Texas 1 1
Washington ’ oo o '

Ohiol + 2
Indigmall .. - 0T 0 eI L L |
Delaware ! 1
Notth Carolina =~ =" " % . LUl oL e Lal1
California 4
Florida™ -~ * -+ T et 2
Virginiag 1

Total index cases
per period 4 3 6 19 26 83

By period and state of transfusion. The data are limited to the 141
B. microti index cases, 12 of which weze associated with mulcicase clus-
ters (Table 1). Data for the 3 B. duncani cases, which occurred in Wash-
ington {in 1994} and California {(in 2000 and 2008}, are not included.
The x-axis includes one G-year period (1979-1984), followed by five
5-year periods. See the Methods section for the distinction between the 7
main B, microti-endemic scates and “other states”; within each category,
for the tallies by state (by period), the states generally are listed in the
order of their firsc identified case.

* Local and intraregional movements of donors and blood companents
were common both in the Northeast and in the upper Midwest {dara not
shown).

t Among the 19 index cases in 12 “other states,” the North Carolina
case and 1 Florida case were not linked to donors, the other Florida case
was linked to 2 Wisconsin resident who donated blood while wintering
in Florida (cluster K in Table 1), and 1 of 3 Pennsylvania cases was
linked to a Pennsylvania donor who reportedly had not traveled to a
known B. microti-endemic area in another state (8). Information on the
donors linked to the other 15 index cases is provided in the text or the
footnotes below for 7 and 8 cases, respectively.

# The donor was exposed in Massachusers (32).

§ The 4 index cases in Maryland and Virginia were linked to donartions
in these stares, The linked donors either were or could have been exposed
in the Northeast.

|| The cases in Ohio {» = 2} and Indiana {# = 1) were linked to dona-
tions in Indiana (# = 2) and Ohio (2= 1) by doners exposed in
B. microti-endemic states.
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Transfusion to symptom onset
(n=284)

Transfusion to rehospitalization
{n =69}

Interval

Transfusion to diagnosis
{n=114)

Transfusion to death
{n=21)

T T T ] T T T T T 1 T 1
0 25 50 75 100 125 150 175 200 225 250 275 300

Days, n

The data are limited to the subsers of the 141 index patients for whom particular intervals were relevant and were known or estimable (for example, the
incubation period was unclear for some patients who had comorbid conditions or altered mental searus). Each box represents the interquartile range
(IQR), the internal verdical line indicates the median, the whiskers show the minimum and maximum, and the dots indicate the outliers with the longest
intervals (=75% quartile plus 1.5 X IQR). The 21 total dots—35 (6%), 6 {9%), 8 (7%), and 2 (10%) for the first, second, chird, and fourth incervals
from the top, respectively——are accounted for by 8 case patients, all of whom were linked to a doner. The farthest outliers include a patient with sickle
cell disease who received hematopoictic progenitor cells from a sibling with sickle crait and became symptomatic approximately 6 months after the
implicated peritransplantation transfusion (28) and 2 of 3 patients who underwent posttransfusion splenectomy (see text). The second interval from the
top reflects the posttransfusion hospitalization during which babesiosis was explicitly diagnosed, for patients who had been discharged ar least once in
the interim or had been transfused as outpatients bur were hospiralized thereafter. The fourth interval includes data for 21 of 27 index patients known
to have died, including the kidney donor who died on the day he was transfused (see text). This interval was greater than 90 days for 2 immunocom-
promised patients whose intervals from diagnosis to death were less than 60 days. The patient who underwent splenectomy 215 days after transfusion
died 280 days after transfusion; the parient’s lymphoma also relapsed. For patienes with available data, the median interval from symprom onset to death

was 10 days (range, 2 to 51 days; # = 18) and the median interval from diagnosis to death was 7 days (range, 0 w0 55 days; » = 22).

babesiosis had 4 causal or conwribucory role (6, 7); causes of
death often were presumptive or unclear {(data not shown).

Blood Donors and Components

A linked donor with laboratory evidence of B. microzi
infection was identified for 118 index cases {84%), which
encompass 136 total cases {86%) (Figure 1). Among the
117 linked donors whose B. microti IFA test results were
known, the median reciprocal antibody titer was 256
(range, 64 to 4096G; interquartile range, 256 to 1024).
Twenty-four donors {20%) had parasitologicaily confirmed
infection (Table 2). The 20 donors with positive PCR -
results include 12 (71%) of 17 for whom blood retained
from the original donation was tested compared with 8
{149%) of 56 for whom only postdonation specimens were
available (P < 0.001). The median age of the 80 donors
with available data was 49 years (range, 17 ro 72 years); 18
donors (23%) were at least 60 years of age. Although clin-
fcal' information typically was anecdotal or unspecified,
some donors had pre- or postdonation symptoms or ane-
mia of potential relevance (5, 24-27). For example, the
donor who had 4 consecutive donations linked to trans-
mission (cluster H in Table 1) had been temporarily de-
ferred because he was anemic when he first attempted to
donate after exposure (5).

Among the 151 cases for which the type of blood
component was determined, 4 cases were linked to whole
blood—derived platelets (4, 5, 14) and 147 were associated
with red blood cells (RBCs). The median age of liquid-
stored RBCs ar the time of transfusion was 16 days (range,
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4 to 40 days; #» = 1006); 4 case patients received RBCs that
were 35 to 40 days old. At least 4 patients received frozen-
deglycerolized (vs. liquid-stored) RBCs (18, 35, 43). Many
patients received leukoreduced RBCs (data not shown); at
least 10 received irradiated RBCs.

Babesia duncani Cases

The 3 documented B. duncani cases were linked to
RBC transfusions in Washington (in 1994 [16]) and Cal-
ifornia (in 2000 [45] and 2008). In each instance, the case
patient and implicated donor lived in the same state and
had parasitologically confirmed infection. The case patients

.include a preterm infant (45), a 59-year-old man with a

hemoglobinopathy (Bloch EM, Herwaldt BL, Leiby DA,
et al. Unpublished data), and a 76-year-old man with a
myelodysplastic syndrome who underwent cardiac surgery

(16). '

Discussion

Babesiosis is an uncommon but potentially life-
threatening complication of transfusion that has been in-
creasingly recognized since the first described U.S. case in
1979. Doner-screening practices do not yet include rou-
tine testing for evidence of Babesia infection. In this con-
text, prompt detection, treatment, investigation, and re-
porting of Babesia cases are essential. Babesiosis should be
included in the differential diagnosis of unexplained post-
transfusion hemolytic anemia, with or withour fever, re-
gardless of the season or U.S. region. To enhance the abil-

www.annals.org



ity of public health authorities to detect, monitor, and
prevent transfusion and tickborne cases, babesiosis has
been designated a naticnally notifiable condition, effective
January 2011; as such, cases reported to health depart-
ments are notifiable to the CDC.

For the 31-year period of 1979-2009, we included
159 B. microti ransfusion-associared cases, which were dis-
persed in time {all 4 seasons and 22 years) and place (19
states). Protracted parasitemia in some infected donors (5,
6, 16, 17), donor travels to and from areas of endemicity
(6, 26}, and distributions or shipments of blood compo-
nents account for the potential for year-round transmission
anywhere in the country. Donor travel also accounted for
the 1 reported transfusion-associated case of babesiosis in
Canada, which was linked to a Canadian donor infected
during a camping trip in Massachusetts (46). The majority
{879%) of the 159 identified U.S. cases occurred in the 7
main B. microti—endemic states, which probably reflects
higher risk and greater awareness. The annual case counts
Aucruated, both overall and by locale {data not shown); the
limited available risk estimates for transfusion transmission
also have varied in time and place (2, 3, 8, 9, 30, 39). Even
so, that the majority (77%) of these 159 cases occurred
during 20002009 is noteworthy, regardless of whether
some of the aggregate increase reflects improved recogni-
tion and reporting. In comparison, for the period of 1979—
2009, the CDC’s Nartional Malaria Surveillance System
tallied 49 cases of transfusion-associated malaria, only 5 of

* which occurred during 2000-2009 (Arguin P. Personal
communication). Babesia microti has become the most fre-
quently reported transfusion-transmitted parasite in the
United Srares (2, 3). In general, public health reports of
tickborne Babesia cases also have increased in aggregate,
with temporal and spatial fluctuations (CDC. Unpub-
lished data); a national surveillance definition was first im-
plemented in January 2011

In addidon to the 159 B. microtf cases, we included 3 B.
duncani cases in western states (16, 45), for a total of 162
transfusion-associated cases. The B. durcani cases, like those
caused by B. microti, were in patients who ranged from pre-
term to elderly and who had comorbid conditions. That in-
fection with B. duncani—and with other U.S. zoonotic
Babesia agents described since the 1990s (47, 48)—is not
detected by serologic or molecular assays for B. microz has
implications for diagnostic testing, transfusion investiga-
tions, and potential future donor screening.

As expected, almost all cases for which the type of
component was determined were associated with RBC
transfusions. Red blood cell components of all storage ages,
including greater than 5 weeks, were associated with trans-
mission, as were components that had been leukoreduced,
irradiated, or frozen. Although we did not conducr risk
analyses, our findings underscore that Babesia parasites can
survive blood bank procedures and storage conditions for
RBC components. The 4 identified cases linked to whole
blood—derived platelets span from 1979 (the first described
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transfusion case) to 2000 and presumably were atributable
to residual RBC:s or to extracellular parasites in the platelet
units (4, 5, 14, 49). These 4 cases—and the cases in infants
transfused with small RBC aliquots—underscore that small
inoculs can suffice to cause infection. However, even a
segment from an implicated unit may test negative by
PCR: The small volumes tested do not approximate the
volumes transfused (1, 2).

Some of the demographic and other characteristics of
the case patients reflect those of transfused patients in gen-
eral (2, 4) but may have particular importance in the con-
text of babesiosis. For example, advanced age is a risk factor
for severe babesiosis, even in otherwise healthy persons;
transfusion recipients often have comorbid conditions that
can increase their vulnerability to the compounding effects
of babesiosis and interrelated complications (such as multi-
organ dysfunction and death) (6, 7, 18, 19, 33, 34). On
the other hand, even some of the adulr index pacients were
afebrile, including several patients receiving immunosup-
pressive therapies that may affect the host response to in-
fection. Although most index cases with available data were
diagnosed within 2 months of transfusion, a noteworthy
minority of cases were diagnosed months later, such as in
the context of postrransfusion splenectomy (Figure 3).
These points not only have clinical relevance bur also may
affect transfusion investigations and case counts: The like-
lihood that transfusion transmission is considered and is
investigated successfully may be lower for cases with longer
intervals from the pertinent rransfusion to symptom onset
or diagnosis.

The 162 cransfusion-associated cases we enumerated
undoubtedly represent a fraction of those that occurred.
The extent to which cases were not detected, investi-
gated, or reported (to the CDC, 1o other public health
authorities, or in publications) is unknown, both in gen-
eral and with respect to periods, regions, and various
case characteristics and outcomes. As underscored by the
incidental diagnosis of Babesia infection, even severe
cases in babesiosis-endemic regions can be missed or
misdiagnosed, not just cases that are asymptomatic or
mild or that occur in other U.S. regions. Even if a case
is diagnosed, a transfusion investigation might not be
considered, conducted, completed, or conclusive. The
cases we included that were nort linked to a donor (Fig-
ure 1 and Table 2} highlight the challenges associated
with contacting all pertinent donors and obtaining post-
transfusion specimens for testing; segments from the
original donations typically are not still available. Qur
rallies probably constitute undercounts even of docu-
mented transfusion cases (for example, those thar did
not come to our atiention or did not meet our selection
criteria) but inadvertently might include some tickborne
cases. As with all surveillance, case ascertainment, selec-
tion, and classification depended on the completeness
and accuracy of the available dara.
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Our findings underscore the year-round vulnerabil-
ity of the U.S. blood supply—especially, but not only,
in and near babesiosis-endemic areas. They also high-
light the importance of multiagency collaborative efforts
to.detect, investigate, and document transfusion cases;
to assess the risks for rtransfusion transmission; and,
thereby, to inform the scope of prevention measures. In
2009, the Transfusion-Transmitted Diseases Committee
‘of AABB (formerly, the American Association of Blood
Banks) categorized babesiosis in the highest risk level for
blood safety to be prioritized for intervention (50). Do-
nors with subclinical infection are not identified by ex-
isting measures (such as temporary deferral of persons
with systemic symptoms, fever, or anemia}, no Babesia
assay for screening donors has been approved by the
EDA, and pathogen reduction techniques for RBCs or
platelets are not available in the United States (1, 2, 50).
The FDA’s Blood Products Advisory Commitree thar
was convened on 26 July 2010 supported the concept of
regional donor testing for Babesia (51). The increasing
recognition of transfusion cases strengthens the imperus
for screening strategies that mirigate the transmission
risk (1-3, 50, 51), including testing approaches imple-
mented under FDA-approved protocols (1, 3, 51) and
longer-term strategies with development of a high-
throughput Babesia screening assay.
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Jan Feb Mar Apr May Jun il Aug Sep Ot Nov Dec
Month of Donation

The month of donation was known or estimable for 128 of 148 dona-
tions (by 141 donors) associated with transmission {Figure 1). The 19
donations by the 12 donors linked to multicase clusters occurred in 10
differenc months. If applicable, the month of donation was approximated
by subtracting 16 days {the median age of liquid-stored red blood cells ar
the time of transfusion; see text) from the transfusion date. The dona-
tons linked to the 3 B, duncani cases occurred in Aptil {(z = 2) and
August (# = 1); chese data are not included.
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In Premature Infants

abstract

We review here 7 cases of neonatal transfusion-associaied habesiosis
at a NICU in the northeast United Siates. Transfusion from 2 infected
units of blood resulted in the 7 cases described. The clinical presenta-
tion was highly variable in this cohort; the extremely low birth weight
neonaies were the most severely afiected. Antibiotic therapy was ef-
fective in neonates with mild and asymptomatic infection; however,
double-volume exchange blood transfusion with prolonged multidrug
treatment was required for the 2 most severe cases. The risk of Babe-

_sia mieroti infection is not eliminated through current blogd-bank
practices. Neonatologists in endemic areas should have a high index of
suspicion for babesiosis in premature infants exposed to bleod trans-
fusions. Pediatrics 2011;128:e1019-e1024

21019



Babesiosis is a zoonotic protozoal itl-
ness transmitted primarily by Ixodes
seapufaris ticks in North America.
The majarity of cases in the Northeast
and the upper Midwestern regions
are attributed to Pabesia microti

Transfusion-associated babesiosis is
well documented in aduits.2-® The clin-
ical manifestations range from asymp-
tomatic infection to fulminant disease
and death.® Babesipsis in neonates oc-
curs through blogd transfusion or
transplacental transmission®2 Pre-
mature infants are at increased risk
for babesiosis; they are immunologi-
cally compromised and may require
multiple blood transfusions during
their hospitalization.’™"¥ We review
here a series of neonatal transfusion-
associated babesiosis cases and em-
phasize the clinical presentation and
management strategies for severe
- disease.

. METHODS

. These cases occurred in 2 clusters. In-
dex cases were identified clinicaliy and
diagnosed by using peripheral blocod
smears performed for manual white
blood cell count and differential.
Blaod-hank tracing identified other ex-
posed infants. All follow-up testing and
quantifications of parasitemnia were
periormed by using thick and thin
blood smears. Blood samples for poly-
merase chaln reaction (PCR} were ob-
tained for confirmation of diagnosis on
the day of initial positive smear result
far the index patients and at the time of
initial evaluation for other exposed in-
fants. PCR testing was performed at a
single reference laboratory (Mayo
Medical Laboratories, Rochester, MN)
using licensed methods {Roche Molec-
utar Biochemicals, Indianapolis, [N). In-
fants in cluster 1 had additional confir-

matory testing by PCR and hlood

smears performed at the Centers for
Disease Control and Prevention (At-
lanta, GA) using previously reported
methods,'® and all PCR resulis were
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concardant. Demographic and trans-
fusion detaits of alt but 1 infant (Table
1} have been included in other
reporis.sn

Case Reports

Cluster 1

This cluster of cases included 4 very
low birth weight (<1500 g) infants
with gestational ages that ranged from
24 to 27 weeks. The index case was a
25-week-gestational-age twin with a
birth weight of 780 g. The infant's clin-
ical course was significant for respira-
ry dig syndr hroni
disease. intraventricular hemorrhage,
quired multiple packed red biood cell
(pRBC) transfusions. The index trars-
fusion ococurred on day of life (DOL) 3.

On DOL 38, the infant's clinical status
deteriorated with worsening respira-
tory status, poor perfusion, hyperther-
mia, generalized edema, and hepato-
splenomegaly. Laboratory tests revealed
anemia {hemoglobin: 104  gfdb),
thrombocytopenia (17 000 cells per
wh), and conjugated hyperbiliry-
binemia {144 mg/dL). The infant
empirically received ampicillin, genta-
micin, and amphotericin 8 while evalu-
ation for sepsis was performed. All
routing Dacterial, virai, and fungal
study results were negative. A periph-
eral blood smear performed on DOL 51
revealed that 17% of erythrocytes con-
tained intraerythrocytic parasites con-
sisteni with Babesia sp. The infant be-
gan 20 mg/kg per day of clindamycin
intravenously in 3 divided doses and 25
mg/kg per day of quinine orally in 3
divided doses. RQouble-volume ex-
change blood transfusion was per-
formed. and the infant's parasitemia
level decreased {0 33%., By day § of
therapy, parasitemia increased to
5.8% eryihrocytes. The infant received
a second exchange transfusion, and
azithromyein {12 mg/kg per day intra-
venously) and atovaquone (40 mg/kg

par day arally in 2 divided doses) were
added to the antimicrobizl regimen.
The parasite load decreased signifi-
cantly after the second exchange
transfusion; however, low levels of de-
tectable parasitemia persisted. Qui-
nine was discontinued after 8 days of
treatment, and all other antibiotics
were discontinued on treatment day
28 after 2 peripheral blood smears ob-
tained 3 days apart tested negative for
Babesia sp (Table 1).

Three infarits who recgived pRBC
transgfusions from the same donor

blood as the index case were identi-

fied. Peripheral blood smears from all

3 infants revealed parasites, and the
infanis were treated with antibiotics

(Table 1)8M The peripheral blood
smears from the mother and twin sib-
ling ofthe index patient tested negative
for intraerythrocytic parasites. An in-
direct fluorescent antibody (IFA) test
on the plasma obtained from the do-
nor pRBG sample was performed at
the Centers for Disease Contral and
Prevention {CDC), and the results were
positive for 8 microti (1:256). However,
the results of PCR testing and periph-
eral blood smears from donor blood
performed at the CDC were negative.

Cluster 2

The second cluster of babesiosis cases
included 3 low birth weight (<2500 g)
infants who received pRBC transfu-
sions from a single infected donor. The
index case was born at 25 weeks’ ges-
tational age with a hirth weight of 770
g. The infant’s clinical course was sig-
nificant for respiratory distress syn-
drome, chronic [ung disease, intraven-
fricular  hemorrhage, and {ungal
sepsis. The infant received the infected
pRBC transfusion on DOL 1. On DOL 33
the infant’s clinical status acutely de-
teriorated with hypotension, respira-
tory distress, and splenomegaly. Labo-
ratory evaluations revealed anemia
{(hemoglobin; 7.6 g/dL) and thrombocy-
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quinine (14)
Clindamycin {(14);

-+

47

Hepatosplenomegaly, anemia,

+ {1.5%)

57 27 750

Band 1

quinine {14)

hyperbilirubinemia

Cluster 2

13

1 V2EBT; clindamygin

NA

32

Bypatension, anemia,

0 - (17.2%)

28

Index case 5

(18); quinine (6);
quinidine (10)

thramhocytopenia,

splenomegaly, respiratory

gistress
Pallor, anemia,

Clindamygin (10);

+

35

960

27

quining (10}
Glindamycin (10);

thrombogytopenia

None

41

1730

32

98

quinine (10)

V2EBT indicates double-volumna exchiange blood transfuslon; NA, not available,

a + indicates positive test result: —, negative test result (all PCR tosts were performed on the day of first positive smear result or first evaluation for babesiosis).

b Days from the day of infected blood transfusion to the day that parasitemia was detected on bloed smear or by PCRL

topenia (16 000 cells per wl}, and on
manual differential Babesia sp were
suspected. Peripheral blood smear
quantification revealed 17% para-
sitermia. The infant received a double-

volume exchange blood transfusion
and began clindamycin (30 mg/kg per
day intravenously in 3 divided doses)
and quinine {25 mg/kg per day orally in
3 divided doses). Five days later, qui-
nine was discontinued and quinidine
{0.02 mgfkg per minute intravenously)
was started. Antibiotic therapy was
discontinued after 3 peripheral hlood
smears (obtained daily) tested nega-
tive for intraerythrocytic Babesia sp
{Tahle 1).

Two infants who received pRBC
transfusions from the same donor
blood were identified. Although
blood smears tested negative, the re-
sults of PCR tests for B microti were
positive for both infants. Their man-
agement is shown in Table 1, Donor
blood from this cluster was not tested,

BISGCUSSION

We present a series of transfusion-
associated babesiosis cases in infants
that encompass a wide spectrum of in-
cubation periods and clinical presen-
tations. We also report use of double-
volume exchange blood transfusion ag
an adjuvant therapy for severe babesi-
0sis in infants. Previous cases of
transfusion-associated babesiosis in
infants are summarized in Table 2.

Premature infants are at increased
risk for transfusion-associated babe-
siosis. They are more susceptible to in-
fections because of their immature
immune systems and functional hy-
posplenia, '’ Also, extremely low birth
weight (ELBW)} (==1000 g) infants are
more likely to receive frequent trans-
fusions during their first days of
life.3 In gur report, the 2 most se-
verely affected ELBW infants received
infected bloed transfusions on DOL 1
and 3. They had complicated neonatal

" ef021
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was discontinued when the patient
remained symptomatic while on
therapy. In critically ill premature ne-
onates, enteral absorption through the
immature gut may be unreliable, and’
intravenous quinidine should be con-
sidered an alternative, None of the in-
fapts in this series had evidence of re-
currence of infection before discharge
from the NICU.

Exchange transfusion is indicated for
severe babesiosis associated with par-
asitemia of =10% or significant organ
dysfunction.’®22 Four adult patients
with babesicsis treated with red blood
cell exchange transfusion had a 50%to
80% redugtion in parasitemia?® We re-

port here successful use of exchange -

transfusion for the treatment of se-
vere babesiosis in 2 ELBW infants who
presented with initial parasitemia of
17%. After double-volume exchange
blood transfusion, the parasite load in
these infants decreased by 83% and
47%, respectively, Babesia parasites
survive almost exclusively within
erythrocytes; thus, exchange transfu-
sion is beneficial by rapidly reducing
the parasite burden and the circulat-
ing proinflammatory cytokines.24

In endemic areas such as Rhode Island
in the northeast United States, an esti-
mated 1 in 21 000 red bloed cell units
are infected with Babesig® which
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for effectively reducing the risk of
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fections that result from transfusion-
associated babesiosis is necessary to
facilitate ongoing national discussions
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strategies for specifically addressing
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CONCLUSIONS

Neonatologists, especially those in en-
demic areas, should consider babesio-
sis in blood transfusion-exposed in-
fants with unexplained illness and
request peripheral blood smear
examination for Babesia sp. When
transfusion-associated babesiosis is
diagnosed, prompt notification o the
blaod bank and testing of all exposed
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other reported cases {Tables 1 and
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premature infants.

ACKNOWLEDGMENT

We thank Dr Peter Krause for valuable
suggestions in the preparation of this
manuscript.

asymptomatic donor. JAMA, 1999:281(10):
927-930

10. Sethi 8, Alcid D, Kesarwala H, Tolan RW Jr.
Probable congenital babesiosis in infant,
New Jersey, USA. Emerg Infect Dis. 2009;
15(5):788-791

11. Fox LM, Wingerter S, Ahmed A, et al. Neona-
tat babesiosis: case report and review of
the literature. Pediatr Infect Dis J 2008;
25(2):168—173

12. Aderinboye 0, Syed 33. Congenital babesio-
sis in a four-week-otd female infant. Pediatr
Infect Dis J. 2010;29{2):188

13. Levy G, Strauss RG, Hume H, et al. National
survey of neonatal fransfusion practices: 1.
Red blood cell theragy. Pediatrics. 1993;
91(3):523-529

e1023



14,

15

16

18,

el024

Maier RF, Sonnitag J, Watka MM, Liu G, Metze
BC, Obladen M., Changing practices of red
blood cell transfusions in infants with birth
weights less than 1000 8. J Pediatr, 2000;
156(2):220-224

Levy 0, Zarember KA, Roy RM, Cywes C.
Godowski PJ, Wessels MR. 3elective im-
pairment of TLR-mediated innate immu-
nity in human newborns: negnatal blood
plasma reduces monocyte THF-alpha in-
duction by bacterial lipopeptides, lipo-

- palysaccharide, and imiquimod, but pre-

serves the response to R-848. J immunol.
2004;173(7):4627— 4634

Herwaldt BL, Neitzel DF, Garlin JB, &f al.
Transmission of Babesia microti in Minne-
sota through four blood donatiens from the
same donor over a B-month period. Trans-
fusion, 2002:42{8):1154-1158

, Lewis DB, Wilson CB. Developmental immu-

nology and role of host defenses in fetal and
ngonatal susceptibility to infection, In: Rem-
ington J, Klein 4, eds. /nfectious Diseases of
the Fetus and Newborn Infant. Sth ed, ed.
Philadelphia, PA: Saunders; 2001:25-138

William BM, Corazza GR. Hyposplenism: a
camprehensive review. Part I basic coo-

SIMONSEN et al

18.

20.

21.

22.

23.

24.

cepts and causes. Hematology. 2007;12{1):
1-13 )

Yannier £, Krause PJ. Update on babesiosis.
Intgrdiscip Perspect Infect Dis. 2009;2009:
984568

Vennier E, Gewurz BE, Krause PJ. Human |

habesiosis. infect s Olin North Am. 2008;
22(3):469- 488, viji~ix

Wormser GP, Dattwyler RJ, Shapiro ED, et al.
The clinical assessment, treatment, and
prevention of Lyme disease, human granu-
lotytic anaplasmosis, and babestesis: clini-
cal practice guidetines by the infectious Dis-
eases Society of America. Clin Infect Dis.
2006;43(9):1089~1134

Pickering LK, Baker Cd, Kimberlin DW, Long
38, eds. Aed Book: 2008 Report of the Gom-
mittee on Infectipus Diseases. 28th ed. EIK
Grove Village, IL; American Academy of
Pediatrics; 2003 .
Spaete J, Patrozou E, Rich JD, Sweeney JD.
Red cell exchange transfusion for babesio-
sis in Rhode Island. J Cfin Apher. 2009;24(3):
97-105

Powell VI, Grima K. Exchange transfusion for
malaria and Babesia infection. Tronsfus
Med Rev. 2002;18(3):239-250

25:

28,

21.

23,

29

aq.

Wittner M, Rowin KS, Tanowitz HB, et al. Sug-
cessful chemotherapy of transfusion babe-
siasis. Ann Intern Med, 1882;96(5).601—604

Kiemtrup AM, Lee B, Fritz CL, Evans G, Cher-
venak M, Conrad PA. Investigation of trans-
fusion transmission of a WAl-type babesial
parasite to a premature infant in Galifornia,
Transfusion. 2002;42{11):1482—1487

Lee BP. Apnea, bradycardia and thrombaocy-
topeniaina premature infant. Pediair infect
Dis J. 2001:20(8):818, B20--822

Raju M, Salazar JG, Leopoid H, Krause PJ.
Atovaquone and azithromycia treatment for
habesiosis in an infant. Pediotr Infect Dis J.
2007;26(2):181-183

Nicholsgn GT, Walsh CA, Madan RP.
Transfusion-associated babesiosis in a
7-month-old infant after bidirectional Glenn
procedure. Gongenit Heart Dis, 2010:5(6):
607-613

Johnson ST, Cable RG, Tonnetti L, Spencer 8,
Rios J, Leiby DA. Seroprevalence of Babesia
microti in hlood donors from Babesio
endemic areas of the northeastern United
States: 2000-2007. Transfusion. 2009,
49(12):2574 2582



Bl 521 ) | No. 13
EXm HR#E AEHRES

;| E HE—HMAFH | HEESSFORS (BB nER
2012. 1. 23 ML

—iEpN A 9;";']‘\ HrEtERs A i Bloch EM, Herwaldt BL, Leiby DA, NEE

Shaieb A, Herron RM, Chervenak M,

HAES - WmERRK

Reed W, Hunter R, Ryals R, Hagar W,

ik - HEERE O AT [Xayavong MV, Slemenda SB,
FHEIIR-LR A7) (B A7 574 ) Pieniazek NJ, Wilkins PP, Kjemirup

MR5EE (BFRAB)  |(FEEMIE-LRT AR IR R (A AR+ AM. Transfusion. 2011 Dec 13. doi: | &
FH) 10.1111/3.1537-2995.2011.03467..x.

Q35 E@%uﬂﬂ.@ﬁéﬁ’abe&a duncani (B.duncani) I
TE . KETHREENS = R ORI B E O ST EFIHIEE A E DS Babesia microti ( B.microti) VEEL . ALEFER R w’i‘ﬁﬁaﬁ&’ﬂ'
R T CRA L ClnB, AR, /5 =7 FEE D50, S IR (Hb3S) B C. o CIWALELR th EFHE L TOMBEBREE

B.duncani\Z X AEFIEZFEL -, M—DVAZEF i3RI R 2% el Thots, TR EE M BE-LR H e
G : ZOIEPIZ2008429 8 KBS, Bon H IS DI AL I 8, MIEAAT RO ARABRAR A RERE ek 0 30 1 BT B 5 543
iz, &F K ORI Ye i (IFA) T2 LV B microtifek , B.duncaniBatE (IFA{f. 1:1024) Th-oT, RRBDFEL/18SUR e
/~—JARNA@E%MM@lﬁ{ztmBt%rllaému DNAEZFWFL 1991 EIT 43 BEE 7= FREWALBIE B B F iz —E L7z, 1<l
i MR OFE LT, 38 ADELE#MAE DH 634 AV FTEMEILTEA B.microti IFABSBIEDE IV Vieinole, A7 4027 A
ERETEE BB LM -0 B duncant IEAGIEAN1-A006-CY ., 200943 B 12X R AU MIKRERHERE L B, duncani 155y, | MLRE T DY AV A
7., 2008454 8 DHEMAB100 A Bl_EAIR TV, M IEBE 112008485 B 12 B M 22 1 Chbad B Bl LTl | JR REOBY
7 vCIDEDERFEDY RS
6 TOBEVLB duncan/ L R 4B M ESEER D35 B ThD, ZOREBILB.microti DI DIRE TR TERLA
AT BRRFIRE ERDIELZEFBPALTWA,

Wﬂﬂlﬁa i £ o

HEEXROER SEOXIE

B .1 P& L 7= 37 B (D Babesia duncaniBaie Bl E Co | B AR rl CIA 2 e/ S T SE DBLTE 2 i L. ih %9 B
Do BB AEELL TS, SELE Sk, - BRRVEDR 4
Hr T Glﬁéﬂ‘é‘ﬁ%ﬁifs’z@ﬂ%@:%béo

MedDRA/J Ver.14.1J




JRC2012T-001

ORIGINAL ARTICLE

The third described case of transfusion-transmitted
Babesia duncani

Evan M. Bloch, Barbara L. Herwaldt, David A. Leiby, Annette Shaieb, Ross M. Herron,
Michael Chervenak, William Reed, Robert Hunter, Rosilyn Ryals, Ward Hagar,
Muaniphet V. Xayavong, Susan B. Slemenda, Norman J. Pieniazek, Patricia P Wilkins,
and Anne M. Kjemitrup

BACKGROUND: Almost all-of the reported US tick-
bome and transfusion-associated Babesia cases have
been caused by Babesia microti, which is endemic in
the Northeast and upper Midwest. We Investigated a
case caused by B. duncani (formerly, the WA1-type
parasite), in a 59-year-old California resident with sickle
cell disease (HbSS) whose only risk factor for infection
was receipt of red blood cell transfusions.
CASE REPORT: The patient’s case was diagnesed in
September 2008: intraenythrocytic parasites were noted
on a blocd smear, after a several-month history of
increasing transfusion requirements. Molecular and indi-
rect fluorescent antibody (IFA} analyses were negative
for B. microti but were positive for B. duncani (IFA titer,
-1:1024). The complete 18S ribosornal RNA gene of the
parasite was amplified from a blood specimen; the. DNA
sequence was identical 1o the sequence for the index
WA1. parasite isolated in 1891. The patient’s case
prompted a transfusion investigation: 34 of 38 pertinent
bload doners were evaluaied, none of whom tested
positive by B. microti IFA. The implicated donor—a
67-year-old California resident—had a B. duncanf titer
of 1:4096; B. duncan/ also was isolated by.inoculating
jirds {Mongelian gerbils} with a blood specimmen from
March 2009, more than 10 months after his index dona-
" tian in April 2008. The patient’s case was diagnosed
more than 4 months after the implicated transfusion in
May 2008.
CONCLUSIONS: This patient had the third documented
transfusion case caused by B. duncani, His case under-
scores the fact that babesiosis can be caused by
agents not detected by molecular or serclogic analyses
for B. microti.

abesiosis is a tick-borne disease caused by
intraerythrocytic parasites that also are trans-
missible by transfusion.!® During the past three
decades (1979-2008), more than 150 US cases of
transfusion-associated babesiosis have been recognized,?
most of which have been linked to red blood cell (RBC)
components {liquid stored or frozen deglycerclized®);
whole blood-derived platelets (PLTs) also have been
implicated, presumably because of residual RBCs or extra-
cellular parasites in PLT concentrates >89 Na test has been
approved by the Food and Drug Administration (FDA) for

ABBREVIATIONS: ICU = intensive care unit; IFA = indirect
fluorescent antibody.
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screening US blood donors for evidence of Babesia infec-
tion.?* Prevention of transfusion transmission currently
relies on indefinite deferral of potential donorswho have a
history of babesiosis {those who answer “yes” 1o the ques-
tion “have you ever had babesiosis?”) and temporary

deferral of donors who are febrile or anemic. However, -

persons who are otherwise healthy can meet the criteria
for donating blood despite being infected; low-level para-
siternia can persist for weeks to months, sometimes longer
than a year.""*® Babesia infection also can be severe, even
life-threatening #9112 particularly in persons who are
asplenic, at either extreme of age, or immunocompro-
mised, which are common characteristics of transfusion
recipients. '

Babesia microti, which is endemic in parts of the
Northeast and upper Midwest, accounts for almost all of
the reported US Babesia cases, including some transfu-
sion cases documented in other US regions in the context
of movement of donors or blood components?2621-14
The WA1- (for “Washington 1") type parasite, which was
named B. duncani in 2006, also has been associated with
both routes of transmission, although its tick vector has
not yet been identified. The index WA1 case occurred in
1991 in Washington State, in an immunocompetent
41-year-old man, who had a presumptive tick-borne
case.'s The next described case caused by the parasite now
called B. duncani was transfusion associated: it occurred
in 1994 in Washington, in a 76-vear-old patient with
myelodysplasia who underwent cardiac surgery.'” The
second documented transfusion case occurred in 2000 in
California, in a preterm infant.' Both of these transfusion
cases were linked to RBC components from healthy,
30-some-year-old donors who had presumptive tick-
borne cases. Here we describe the third identified B. dun-
cani transfusion case, which was diagnosed in 2008 in
California, in a 59-year-cld man with a transfusion-
dependent hemoglobinopathy who had become refrac-
tory to RBC transfusions.

MATERIALS AND METHODS

The Centers for Disease Control and Prevention (CDC)
conducted reference laboratory testing for Babesia infec-
tion. Giemsa-stained thin blood smears were examined by
light microscopy for intraerythrocytic parasites; B. dun-
cani is morphologically indistinguishable frem B. mi-
croti’® Serum and plasma specimens were tested in
serial fourfold dilutions, with indirect fluorescent
antibody (IFA) assays for reactivity to B. duncani and
B. microti antigens.'®?

‘Whole blood specimens were analyzed by molecular
techniques. For B. microti, two-step nested polymerase
chain reaction (PCR) was conducted.®?® The molecular
approach used for B. duncani has been described previ-
ously, including the methods for DNA extraction, amplifi-
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cation, and sequencing® In brief, the complete 185

~ ribosomal RNA (rRNA) gene was amplified by PCR, with

primers that amplify DNA from parasites in the order
Piroplasmida: the PCR primers were the forward primer
CRYPTOFL (5-AACCTGGTTG ATCCTGCCAG TAGTCAT-
3') and the reverse primer CRYPTORN (5'-GAATGATCCT
TCCGCAGGTIT CACCTAC-3"). For the organism referred
to as the recipient’s parasite, both strands of the PCR
product were sequerniced (BAB1615; GenBank Accession
Number HQ283870); the sequence of the 185 1RNA coding
region was compared with the sequence CDC obtained for
the WAL parasite isolated from the index case patient in
1991' (BABZ; Accession Number HQ285838). _

Whole blood specimens (up to 1 mL) were inoculated
intraperitoneally into jirds (Mongolian gerbils; Meriones
unguiculatus), which are competent hosts for B. dun-
cani'® The jirds were monitored weekly, up to 8 to 10
weeks or until positive, by examination of Glemsa-stained
smears of blood obtained by tail snip. Animal use proto-
cols were approved by CDC’s Institutional Animal Care
and Use Committee.

CASE REPORT

In late September 2008, a case of B. duncani infection was
diagnosed in a 59-year-old California resident who had
sickle cell disease, an autoinfarcted spleen, a 10-year
history of transfusion-dependent anemia, and a several-
month history of deteriorating health and increasing
transfusion requirements. At baseline, RBC exchange
transfusions at 3- to 4-week intervals sufficed to maintain
a hernoglobin (Hb) level of 10 to 11 g/dL. Comorbidities
included congestive heart failure and chronic renal insuf-
ficiency (baseline creatinine level of approx. 3 mg/dL},
both of which had been controlled with medical therapy.

In early June 2008, several months before babesiosis
was diagnosed, he was evaluated because of a febrile
fllness. He had a 1-week history of symptoms, which
included anorexia, nausea, diarrhea, respiratory conges-
tion, stiff neck, and 3 days of fever (37.2-38.9°C); his Hb
level was 7.1 g/dL. The diagnoses included otitis media,
viral infection, and dehydration; amoxicillin-clavulanate
and fluids were prescribed. '

During the summer of 2008, he remained afebrile.
However, he had frequent outpatient and inpatient evalu-
ations because of weakness, fatigue, and shortness of
breath, which were attributed to anemia. In mid-July, his
Hb level was 8.5 g/dL. After an exchange transfusion 1
week later, the interval between iransfusions became
progressively. shorter than his 3- to 4-week norm. In
mid-August, he noted darkening of his urine. He became
refractory to transfusions, with Hb levels of not more than
6 g/dL, despite twice-weekly therapy with epoetin alfa.
In addition, he received certicosteroid therapy from
late August through mid-September for warm-antibody



autoimmune hemolytic anemia, which compounded his
transfusion requirement but was considered insufficient
to account for the severity of his anemia. The corticoster-
oid regimen included a 40-mg dose of methylpredniso-
lone (accempanied by one dose of intravenous immune
globulin), followed by tapering doses of prednisone. The
patient received another 40-mg bolus of methylpredniso-
lone in early September, with tapering doses of methyl-
prednisolone thereafter. A Hb level of 6.9 g/dL in late
August, after corticosteroid therapy had been initiated,
prompted hospital admission, including a 10-day stay in
the intensive care unit {ICU). On admission to the ICU, his
Hb level was 4.9 g/dL. Diagnostic considerations included
thrombotic thrombocytopenic purpura and a delayed-
type transfusion reaction. Because of acute (superim-
posed on chronic) renal failure, hemodialysis was initiated
and was continued thereafter. . .

He returned to the ICU later in September, with a
1-week history of nausea, vomiting, loose stools, anorexia,
weakness, and pain (in the lower back and knees), in addi-
tion to persistent fatigue and weakness. On examination,
his temperature was 37.3°C, his blood pressure was
76/45 mmkg, he was icteric and somnolent but oriented,
and he had tremors in his tongue and upper extremities.
Laboratory values included a Hb level of 5.8 g/dL, PLT
count of 135 x 10%/L, white blood cell count of 15.3 x 18°/L
(45% neutrophils, 20% lymphocytes, and 36% mono-
cytes}, reticulocyte count of 16.5%, total bilirubin of
9.6 mg/dL, aspartate aminotransferase of 464 U/L, and
alanine aminotransferase of 117 U/L.

In late September, babesiosis was diagnosed, when
intraerythrocytic parasites, including pathognomonic
tetrads (“Maltese-Cross” forms), were noted on a blood
smear (Fig. 1); according to the hospital laboratory, ap-
proximately 12% of the RBCs were infected. During retro-

L

Fig. 1. Photograph of a Wright-Giemsa-stained peripheral
smear of blood obtained from the patient in September 2008,
showing typical Babesia forms: (A) a tetrad (“Maltese-Cross”
dividing merozeite); (B) a piriform (tear drop); and (C) a ring-
like trophezoite (magnification x1600).

BABESIA DUNCANI TRANSFUSION CASE

spective examination of available smears, rare parasites
were noted on a smear from mid-]ii.ly 2008; none were
found on a smear from November 2007. No smears
between November and July were available.

After babesiosis was diagnosed, combination therapy
with clindamyein {600 mg every 6 hr by intravenous infu-
sion) and quinine sulfate (648 mg loading dose per naso-
gastrictube, followed by 324 mg every 12 hr) was initiated.
In addition to a several-week course of antimicrobial
therapy, he received an 8-unit RBC exchange transfusion. -
Parasites were not demonstrable. on several follow-up
blood smears in October; his transfusion requirement
also decreased. Because of persistent weakness and
pain, which were attributed to polyneuropathy of critical
illness, he was transferred to a rehabilitation facility. Over
the next 6 menths, his neuropathy and mentation gradu-
ally improved; he continued to receive hemodialysis.

Babesia laboratory testing

After a commercial laboratory obtained negative serologic
results for B. microti, the CDC was consulted and con-
ducted reference laboratory testing, CDC confirmed the
diagnosis of babesiosis and determined that the etiologic
agent was B. duncani. Results of molecular and [FA analy-
ses of a blood specimen from late September 2008 were
negative for B. microti but were positive by beth modali-
ties for B. duncani (IFA titer, 1:1024). PCR amplification of
the complete 185 rRNA gene vielded a specific product of
approximately 1700 bp. DNA sequencing analysis showed
that the gene was 1768 bases long. The DNA sequence for
the recipient's Babesia parasite was identical to the
sequence for the index WAL parasite that was isolated in
1991 and analyzed at CDC (see Materials and Methods
for GenBank accession numbers). The CDC’s 185 rRNA
sequence data differ slightly (approx. 0.2%) from another
laboratory’s sequence for the indexWA1 isolate {GenBank
Accession Number AF158700), which may reflect different
methods for sequencing and sequence editing. The recipi-

. ent's Babesia parasite also was isolated by incculating

jirds with a blood specimen from the patient.

Transfusion investigation

The patient’s only risk factor for Babesia infection was
receipt of RBC transfusions: he lived in an wrban area of a
northern California county and did not have a history of
rural outdoor activities during the previous 2 years. Diag-
nosis of his case of babesiosis prompted a multiagency
investigation that encompassed the transfusions he
received during September 2007 through June 2008, all of
which were of leukoreduced, nonirradiated RBCs. Among’
38 pertinent donors from the American Red Cross North-
ern California Region (Oakland, CA} and the Blood

Nolume **, **** TRANSFUSION 3



BLOCH ET AL,

Centers of the Pacific {San Francisco, CA), 34 provided
specimens for testing; no segments from the original units
were available. ’

None of the 34 tested donors had detectable antibod-
ies to B. microti. Only one donor—BDonor A (the impli-
cated donor)—tested positive by B.duncani IFA (see

below). The RBCs from Donor A were collected in April -

2008, when his Hb value was 15.2 g/dL. The RBCs were
transfused to the patient 25 days later, in May. The interval
from this transfusion to the patient’s diagnosis of babesio-
sis (in late September} was 130 days, and the interval from
transfusion to the patient’s first known positive smear (in
mid-july) was 56 days. The case patient was the only

recipient of a cellular component from the April donation.

Two specimens from Donor A were collected in
November 2008 and March 2009 for Babesia testing. The
- B. duncani IFA titer was 1:4096 for both specimens, which
were tested in parallel, on the same day. Molecular analy-
ses and blood smears were negative. However, he had pra-
tracted, parasitologically confirmed infection: aliquots
from the March 2009 specimen (>10 months after the
index donation) were inoculated into two jirds, both of
which were demonstrably parasitemic when examined on
Day 21 postinoculation. : _ _

Donor A was a healthy 67-year-old resident of the San
Francisco Bay Area, who was an avid hiker and mountain
biker, including in the Bay Area, elsewhere in California
{e.g., in the central Sierra Nevada foothills and in multiple
regional and national parks), and in the Northwest. His
interstate travel included hiking trips in Washington and
British Columbia (the fall of 2004) and in Wyoming,
Montana, and Idaho (the fall of 2007). Although he did not
recall any tick bites, he reported having a possible tick bite
reaction on his right shoulder after a hike in the rural Bay
Area in April 2008, the month of the index blood donation.
He recalled having a mild flu-like illness in October 2007,
after a hike in the southern Bay Area. Although his wife had
notaccompanied him on that hike, she developed asimilar
illness; a blood specimen she provided in May 2009 did not
react to B. duncaniantigens in IFA testing at CDC.

Since 2007, Donor A had donated blood five times;
the index donation in April 2008 was the third in the series
of five. The two subsequent donations included one in
early August 2008 (the recipient was lost to follow-up) and
one in late September (the blood was discarded when the
transfusion investigation was initiated). After Donor Awas
implicated, he was indefinitely deferred from donating
blood. His two previous donations were in November 2007
(the bloed was discarded during processing because of
incomplete filtration) and in January 2008, RBCs from his
January 2008 donation were transfused to an oncology
patient in northern California, who reportedly was
asymptomatic when evaluated in March of the following
year. In April 2009 (415 days postiransfusion), a blood
specimen from the recipient was collected for Babesia
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testing: the B. duncani IFA titer was 1:256, molecular
analyses and a blood smear were negative, and two jirds
inoculated with 22-day-old blood did not develop demon-
strable parasitemia.

DISCUSSION

We investigated a case of B. duncani infection that was
diagnosed in late September 2008, in a chronically trans-
fused patient who had become refractory to transfusions.
The patient had three reasons for hemolytic anemia: sickle
cell disease, which previously had been well controlled;
warm-antibedy autoimmune hemolytic anemia, which
was diagnosed in August 2008; and B. duncani infection,
which was diagnosed more than 4 months after the May
2008 transfusion that was implicated in the multiagency
investigation of the RBC transfusions and donors since
September 2007. In retrospect, rare parasites were found

on an extant blood smear from mid-July 2008, approxi-

mately 2 months after the implicated May transfusion.

The interval from the implicated transfusion to onset of
clinical manifestations is unclear, However, if the patient's

only documented febrile illness, which occurred in early

June 2008, was caused by babesiosis, the incubation

period was approximately 2 weeks. His Babesia infection

responded to therapy with clindamycin plus quinine,

which remains the standard of care for severely ill

patients.! However, his clinical course was complicated by

prolonged morbidity from multifactorial renal failure and

polyneurcpathy.

Both the patient and the implicated donor (Donor A)
were residents of northern California, were seropositive by
B. duncani IFA (but seronegative by B. microti IFA), and
had parasitologically confirmed infection. Donor A, who
was otherwise healthy, had no overt manifestations of
Babesia infection even though he was 67 years old (8 years
older than the recipient). Although the duration of his’
infection is not known, his case underscores that B. dun-
cani, like B. microti, can be associated with protracted,
asymptomatic parasitemia: B. duncani was isolated from
a blood specimen collected in March 2009, more than 10
months after his index donation in April 2008. Similarly,
for the first documented B. duncani transfusion case, the
parasite was isolated from a specimen obtained from the
donor in March 1995, 7 months after the index donation in
August 1994.7 Although limited data suggest that B. dun-
cani may be more pathogenic than B. microti in experi-
mentally inoculated mice and hamsters,’® the potential
relevance of these animal data to human infection is
unknown.

For Donor A, the possibility that recipients of cellular
components from other donations became infected could
not be proven or excluded. Although Donor A undoubt-
edly was infected when he donated again in August 2008,
no information was available about the recipient. Donor



A’s infection status back in January 2008 is unknown, and
the Babesia test results more than 13 months posttransiu-
sion for the recipient of RBCs from that donation (an
oncology patient) are noteworthy but not definitive—in
particular, the patient’s B. duncani IFA titer of 1:256. The
threshold for considering a B. duncani IFA result positive
has not been well established: to our knowledge, fewer

than 10 B.duncani cases have been parasitologically’

confirmed and monitored serologically. The oncelogy
patient’s possible case of B. duncani infection was not
parasiiologically confirmed, only one specimen was
tested, and limited epidemiologic and clinical informa-
tion was available. However, the negative results of PCR
analyses and animal inoculation do not exclude the pos-
sibilities that the patient either had been or still was
infected, regardless of the mode of transmission; these
methods are not sufficiently sensitive for reliable detec-
tion of low-level parasitemia.

Much remains unknown about B. duncani, such as
the interrelated issues of its geographic distribution, tick
vector, and reservoir host(s),* as well as the incidence and
prevalence of infection in humane, including blood
donors and recipients. The case we described, the third
documented transfusion case caused by B. durncani,
underscores that the difficulties inherent to detecting and
investigating Babesia cases are compounded in patients
whio have been chronically transfused, have multicause
hemolytic anemia, and are infected with species other
than B. microti. Human infection with B. duncani and
other novel Babesia agents is not detected by serologic or
molecular assays for B. microti, which has xamifications

not only for diagnostic testing and transfusion investiga- -

tions but also for potential future screening of blood
donors.? Effective measures for preventing transfusion
transmission of Babesia parasites are needed. Although
the highest near-term priority is the development and/or
implementation of FDA-approved donor-screening test(s)
for B. microti, there also is a need fof Rghbesia genus- (ve,
species-) level assays.
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BLOOD DONORS AND BLOOD COLLECTION

Deconstructing the risk for malaria in United States donors
deferred for travel to Mexico

Bryan Spencer, Steven Kleinman, Brian Custer, Ritchard Cable, Susan L. Wilkinson, Whitney Steele,
Patrick M. High, and David Wright for the NHLBI Retrovirus Epidemiology Donor
Study-II (REDS-II)

BACKGROUND: More than 68,000 blood donaors are
deferred annually in the United States due to travel to
malaria-endemic areas of Mexico, Mexico accounts faor
the largest share of malaria travel deferrals, yet it has
exiremely low risk for malaria transmission throughout
most of its national territory, suggesting a suboptimal
balance between blood safety and avallability. This
study sought to delermine whether donor deferral
requirements might be relaxed for parts of Mexico
without comprorising blood safety.
STUDY DESIGN AND METHODS: Travel destination
was recorded from a representative sample of present-
ing blood donors deferred for malaria travel from six
blood centers during 2006. We imputed to these donors
reporting Mexican travel a risk for acquiring malaria
equivalent to Mexican residents in the destination loca-
tion, adjusted for length of stay. We extrapolated these
results to the overalt US blood donor population.
RESULTS: Risk for malaria in Mexico varies signifi-
cantly across endemic areas and is greatest in areas
infrequently visited by study donars. More than 70% of
blood donor deferrals were triggered by travel to the.
state of Quintana Roo on the Yucatan Peninsula, an
area of very low malaria transmission. Eliminating the
travel deferral requirement for all areas except the stale
of Oaxaca might result in the recovery of almost 65,000
blood donors annually at risk of approximately one con-
taminated unit collected every 20 years.
CONCLUSION: Deferral requirements should be

" relaxed for presenting donors who traveled to areas
within Mexico that confer exceptionally small risks for
malaria, such as Quintana Roo.
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ransfusion-transmitted malaria (TTM) is a
potentially lethal outcome of blood transfusion,
but one that is uncommon in the United States.
On average, the past two decades have seen less
than one case of TTM per year, representing a rate of less
than 0.1 per 10°red blood cell transfusions."* TTM preven-
tion currently relies on exclusion of donors who might
present risk for malaria infection. Based on requirements
and recommendations of the Food and Drug Administra-
tion (FDA)* and the AABB,® the deferral period is 3 years
for those who report a history of malaria infection or of
prior residence in a malaria-endemic country as defined
by the Centers for Disease Control and Prevention (CDC),?
whereas itis 1 year for donors with travel to parts of coun-
tries considered endemic for malaria by CDC.
The number of presenting or productive donors with
nonzero risk for harboring malaria parasites is essentially
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unknown, as is the relative likelihood for infection across
the different malaria deferral categories. However, empiri-
cal evidence in the United States'*? and other countries®!!
clearly implicates donors from sub-Saharan Africa in
cases of TTM over the past three decades. While many of
these donors were improperly accepted due to an error
during health history screening, others were rare biologic
outliers whose semi-immune status allowed for Plasmo-
dium parasite carriage for several years. This occurred
most often with Plasmodium falciparum and also with P
malariae, a more benign species known to remain unde-
tected for decades."

In contrast to those with long-term residence in sub-
Saharan Africa and a few other highly endemic areas,
donors reporting routine travel to malarial areas appear to
confer relatively low risk for transmitting malaria to recipi-
ents of blood products. In fact, over a 28-year period, only
one donor out of 32 implicated in TTM cases was a native-
born US resident on routine travel.'>” While denominator
data that would allow for accurate risk comparisons
across the different deferral categories are lacking, there
can be no doubt that the 1-year deferral period for short-
term travelers has a significant impact on blood availabil-
ity. A recent analysis by our consortium estimates that
annual deferrals by US blood centers might surpass
150,000, and unpublished data suggest that several times
that many might self-defer.* ) .

To assess the risk that donors who report a travel
history requiring malaria deferral might actually be
infected with malaria parasites, our prior study detailed
the travel destinations of a representative sample of blood
donors with malaria travel deferral.® Using public data
sources on imported malaria in the United States!s2
and on numbers of travelers to different countries and
regions,?*? we developed region-specific risks for malaria
infection that suggested a 1000-fold greater risk for travel-
ers to Africa versus Mexico. Traveler risk to Mexico was
estimated as roughly 1 in 800,000 for those who visited an
area triggering malaria deferral. We concluded that these
data supported the relaxation or elimination of the year-
long deferral period for travel to Mexico, with a negligible
marginal increase in risk balanced by the recovery of tens
of thousands of donors annually.® '

Given the large number of deferrals after travel to
Mezxico, and the leng-term trends in malaria incidence
there, this article reports a follow-up analysis focusing
only on this country. Mexico is a country of low and
declining risk for malaria, one where the remaining areas
of natural transmission are characterized as scattered foci
in rural areas pepulated by indigenous inhabitants.®
Although firm data are unavailable on how many US tour-
ists visit any given location within Mexico, US malaria
surveillance figures support the interpretation that most
travelers visit areas with very low risk for malaria. For each
year from 2000 to 2007, an average of approximately six

and a maximum of 11 US residents have acquired malaria
in Mexico that was diagnosed following return to the
United States,”*®? put of an average of roughly 20
million visitors annually with at least an overnight stay.?
Furthermore, a disproportionate share of these malaria
cases occurred in Mexican citizens now residing in the
United States,® so the risk for routine, US-born travelers
appedrs exquisitely low.

To develop risk estimates for malaria infection in
blood donors that are independent of the travel destina-
tion within Mexico for overall US travelers, this article
adopts an alternate method that derives donor risk from
malaria risk figures for the local populations of the areas
visited. Specifically, we recorded destination(s) of travel
within Mexico for the same cohort of deferred donors
described in the earlier analysis® and used malaria sur-
veillance indicators developed by the Mexican Ministry
of Health for the same areas during the same time frame
as a measure of potential malaria risk faced by blood-
donors deferred for travel to Mexico. Because the
Mexican morbidity data reflect risk for year-round resi-
dents, we adjust the donor risks for duration of exposure.
To provide a basis for selective alterations to current _
deferral requirements for Mexico, we disaggregate the
results by state, since distribution of risk across the
country varies significantly. )

MATERIALS AND METHODS

Source of data on presenting US blood donors
deferred for travel to malaria-endemic areas
in Mexico

Six blood centers participating in the Retrovirus Epide-
miology Donor Study-II (REDS-II) program spensored by
the National Heart, Lung, and Blood Institute (NHLBI)
provided data for this analysis. These centers represent
geographically and demographically diverse populations
and collectively account for more than 8% of annual
allogeneic blood collections in the United States.* The
REDS-II blood centers include the Blood Centers of the
Pacific (BCP; San Francisco, CA); BloodCenter of Wiscon-
sin (BCW; Milwaukee, WI); Hoxworth Blood Center, Uni-
versity of Cincinnati (HOX; Cincinnati, OH); the Institute
for Transfusion Medicine (ITxM; Pittshurgh, PA); the
American Red Cross, New England Region (NEARC;
Dedham, MA); and the American Red Cross, Southern
Region (SARC; Dbuglasville, (GA). Each center retrieved
blood donation records from the first 60 donors deferred
for malaria travel in either the even-numbered (BCW,
ITxM, SARC) or odd-numbered menths (BCR HOX,
NEARC) throughout 2006 to ensure that seasonal pat-
terns in travel were captured. Data were recorded on
donor demographics, date of presentation, dates of travel
in malaria-endemic regions, and the destination country
or countries with malaria risk for up to five countries,
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Countries were ranked by malaria risk,%?” and specific
locations triggering malaria deferral were recorded ver-
batim from the blood donation records for the two coun-
tries with highest risk for malaria. This analysis reports
only on the subset of donors for whom Mexico either was
the only country visited with malaria risk or was the
country with the highest risk. Deferral records lacking the
destination country or the date that deferral began were
excluded from the analysis.

Estimate of annual deferrals of US blood donors
for malaria-risk travel to Mexico
The proportion of malaria travel deferrals that were allo-
cated to Mexico for the six REDS-1I centers was used to
estimate the annual number of malaria travel deferrals
associated with Mexico for US donors overall. Annual data
on allogeneic donations and malaria travel deferrals were
-recorded and summed across all centers, and each cen-
ter's contribution to national estimates was weighted by
its share of the collective REDS-II malaria travel deferrals.
Based on their aggregate contribution of 8.07% of US allo-
geneic donations,® the blood centers’ estimates for
malaria deferrals were multiplied by 12.4 to extrapolate to
the US overall. These figures have been updated from the
earlier article™® to account for the availability of US dona-
tion data from 2006,® which increases the projections of
US deferrals for malaria travel from 150,537 to 161,105.
When a donor reported more than one trip with a visit to a
malaria-endemic area, the most recent trip was chosen for
analysis. When more than one geographic region within
Mexico was visited, the donor's visit was allocated to the
area of higher risk for malaria infection, based on Mexican
public health data. Doner’s travel destination was
assigned to the smaller administrative unit possible
between state- and county-level destinations. Donors for
whom location within Mexico was not available were
assumed to represent randomly missing data and were
accounted for by proportional weighting for those donors
who did report location, for each of the six blood centers.

Criteria fdr malaria travel deferral to different areas
of Mexico

For US travelers, risk for malaria infection is described by
the CDC on a country-by-country basis,® and by FDA
requirement this information is used as the basis on which
donor acceptability is determined.? For the time frame of
this study-donor presentation during 2006 and donor
travel during 2005 through 2006—the description of
malaria risk in Mexico was as follows:

Risk in rural areas, including resorts in rural areas of
the following states: Campeche, Chiapas, Guerrero,
Michoacdn, Nayarit, Oaxaca, Quintana Rog, Sinaloa,
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and Tabasco. In addition, risk exists in the state of
Jalisco (in its mountainous northern area only). Risk
also exists in an area between 24° N and 28° N latitude
and 106° W and 110° W longitude, which lies in parts
of Sonora, Chihuahua, and Durange. No malaria risk
exists along the United States-Mexico border. No
malaria risk exists in the major resorts along the
Pacific and Guif coasts.®

The specific job aids or work instructions provided for
health historians of each REDS-1I blood center might have
differed in detail during 2006, but the referent for each
center would have been the foregoing text from CDC,
Figure 1 shows a map of Mexico,? with those states named
in the above excerpt shaded in gray. Depending on the
specificity of information provided by donors with travel
to Mexico, as well as on the detail of information available
in reference materials for health historians, travel to one of
the shaded states during 2005 through 2006 might not
have necessarily triggered a deferral. It would, however, at
a minimum require consultation with support documen-
tation to exclude travel to a malaria risk area for the donor
to be judged acceptable to donate.

Estimated risk for malaria infection in US travelers.
to different areas of Mexico

Population-adjusted risk measures for year-round
Mexican residents at the state level are available from
eight endemic states which together account for 98.5% of
reported cases in 2005.% County-level risk measures were
derived from malaria case counts at the county level for
2005% and the 2005 census population figures for each
county.® State- and county-level risk measures for year-
round Mexican residents were used as a proxy for poten-
tial malaria risk which US residents might face during
travel to the same areas, appropriately adjusted for dura-
tion of exposure. Donors eligible for inclusien in this
study—those deferred during calendar year 2006—
reported travel that occurred during both 2005 and 2006.
Mexican surveillance data from 2005 only are used to
develop risk estimates due to unavailability of 2006
county-level malaria surveillance data. To evaluate longi-
tudinal trends in malaria incidence in Mexico, and to
establish any significant changes in the amount or distri-
bution of malaria subsequent to the period used for our
study, we referenced several years of publicly available
Mexican government surveillance data.®

Duration of exposure was estimated by calculating
donor-reported dates for beginning and ending of expo-
sure in risk areas. This measure was available for donors
from three of the six blood centers, and it was not possible
to distinguish doners who simply reported the duration of
their entire trip versus the proportion who correctly pro-
vided dates only for the portion of travel subject to deferral
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Fig. 1. States in Mexico where US CDC reports risk for malaria, 2005 through 2006. Map adapted from Instituto Nacional de Estatfs-
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bution of results, we chose a uniform duration of exposure
{7 days} that encompasses over 70% of those donors with
both start and end dates recorded.

Transfusion risk from blood donors with deferrable
travel to Mexico

Transfusion risk is defined in this article as the risk that a
donor might be accepted for donation while asymptom-
atically parasitemic, which we assume is equivalent to the
risk that a donor might become infected with malaria
while on travel in Mexico. Our risk estimates assume the
absence of any deferral period for travel to Mexico, which
means the donor could be found acceptable to donate the
very day upon return from travel, Because the risk for
asymptomatic malaria infection diminishes with increas-
ing interval between returtt from travel and date of
presentatien—approximately 50% of B wvivax infections
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months®—the actual risk from abolishing the deferral for
Mexico might be even lower than we estimate.

RESULTS

Malaria travel deferrals to Mexico for REDS-II
donors and extrapolation to the United

States annually

The six REDS-11 centers reported a total of 13,007 deferrais
for travel to malaria-endemic areas by US residents in
2006 {Table 1), of which 2160 were sampled for further
analysis. The required data were available for 2108 of these
(97.6%), of which 885 donors were deferred for malaria
travel to Mexico. Based on weighting that is proportional
to each blood center’s malaria deferral count, extrapolat-
ing to the US yields an estimated 66,554 deferrals annually
for malaria travel to Mexico. The change from 870 donors
deferred for travel to Mexico in the earlier analysis®

Volume 51, November 2011 TRANSFUSION 2401



SPENCER ET AL.

TABLE 1. Malaria travel deferrals to Mexico at six REDS-Il Blood Centers, 2006

Weighled extrapolation

BCP BCW HOX ITxM  NEARC SARC Total to United States
Number of fravel deferrals 2761 2128 1122 i622 3570 1804 13,007 161,105
Number of travel deferrals sampled 334 353 356 359 360 346 2,108
Deferrals to Mexico 123 230 159 119 130 125 885 66,554
Travel deferrals due to travel to Mexico (%} 36.8 65.2 447 331 36.1 35.8 42.0 41.3
Mexico deferrals with identifiable location (%) 62 98 99 92 85 52 85

TABLE 2. Mexican population at risk and

reported malaria cases at the state level, 2005

Population-adjusted risk,

Population, Population Number of counties Malaria cases, APl {and 95% CI7),
State 2005 at risk, 2005 reporting cases, 2005 2005 for malaria, 2005
Durange 1,654,948 14,126 3 of 39 114 8.07 {6.71-9.70}
Qaxaca 3,716,837 193,669 19 of 570 1432 7.39 (7.02-7.79)
Chihuahua 3,432,518 33,126 8 of 67 181 5.46 (4.72-6.32)
Sonora 2,487,066 5777 4 of 72 29 5.02 (3.49-7.22)
Tabasco 2,069,522 119,497 g9 of 17 97 0.81 (0.67-0.99)
Chiapas 4,417,084 1,062,455 65 of 119 852 0.80 {0.75-0.86)
Sinaloa 2,771,148 558,254 10 of 18 208 0.37 (0.32-0.43)
Quintana Roo 1,081,486 127,808 20of 8 " 0.09 (0.05-0.186)
Mayarit and other states 24,466,964 684,288 13 of 667 42 0.06 (0.04-0.08)
Total 486,007,583 2,800,000 133 of 1,577 2966 1.06 (1.02-1.10)

* Cls do not account for temporal or geographic variation, and hence inference is to only the year 2005 and is specific to each state.

derives from changing from a macroregional to a country-
based analysis, for which Mexico was the couniry of
higher risk.

Risk for malaria infection in US travelers to Mexico

Population-adjusted risks for malaria at the state level
are shown in Table 2, supporting the characterization of
risk areas within Mexico as mostly scattered foci rather
than large swaths of the national landscape and demon-
strating that most residents of endemic areas face very
low risk for malarial illness. First, of the 2.8 million
Mexican residents living in risk areas, fewer than 10%
reside in areas with an annual risk for malaria greater
than 1 per 1000 (an annual parasitological index [AP]] of
1 means one case is reported per 1000 residents). Even in
these regions—Durango, Chihuahua, and Sonora in the
Northwest and QOaxaca in the South—the population at
risk represents a small proportion of each state’s popu-
lation, and the number of counties with cases is low
compared to each state’s overall number of counties.
Although the risk faced by residents of these four states is
large relative to residents of the other endemic states,
this elevated risk is confined to a very small fraction of
the population. For Quintana Roo and four other states,
which collectively account for 53 reported cases, the risk
- is less than 1 per 10,000 residents per annum.
Table 3 contextualizes the malaria risks across states
in 2005 within a long-term trend of increasingly lower
malaria risk in fewer and more circumseribed geographic
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areas. Compared to 1985, when more than 133,000 cases
were reported from all but two Mexican states,® the
number of cases declined by 95% by the year 2000, and
within the past decade has been reduced by an addi-
tional 60%. Active transmission of Plasmodium parasites
is now limnited to 115 counties distributed across 10
states, down from 234 counties in 16 states in 2000, and
applies to less than 3% of the population of more than
100 million. The country has not reported a malaria fatal-
ity in more than 10 years (data not shown), and the
number of cases of falciparum malaria—the most malig-
nant species and at constant risk for importation from
neighboring countries—has been reduced to zero for 3
conseciutive years. Across those areas with active trans-
mission, risk is nonuniform, with two states—Chiapas
and Qaxaca—accounting for more than 75% of all
reported cases in each of the past 5 years.

Risk for malaria infection in US donors deferred
for travel to Mexico

Table 4 combines the results for travel destination within
Mexico reported by the REDS-II donors with the proxy
risk attached to the identified locations. Overall, the
information provided by a large majority of donors (85%)
was sufficient to identify location of travel at least to the
state Jevel. For more than half of the remaining donors
(n =69, 7.8%), information on location was either alto-
gether lacking or insufficiently specific (“went horseback
riding, visited ruins, drove through rural area”) to exclude
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TABLE 3. Malaria cases at national and state level and population at risk in Mexico, 2000 through 2009
2000 2001 2002 2003 2004 2005 2006 2007 2008 2008
Population at risk {million) 50.3 54.7 54.7 54,7 2.8 2.8 28 2.8 2.8 =2.8
Number of states reporting = 1 malaria case(s) 16 17 5 16 "14 12 11 10 10 10
Number of counties reporting = 1 malaria case(s) 234 202 189 177 148 133 NA NA 115 NA
Number of P. falciparum cases 124 70 16 43 47 22 14 0 0 0
Individual states
Campeche 36 57 54 21 4 1 0 0 0 0
Chiapas 3575 2522 2415 1757 1151 852 1349 1483 1136 1039
Chihuahua 895 404 420 250 184 181 122 148 185 438
Colima 0 1 0 0 0 0 0 0 0 0
Durango 171 136 104 79 52 114 121 45 38 42
Guerrero 161 88 24 7 3 0 0 0 0 0
Jalisco 50 29 11 3] 5 2 2 2 10 8
Michoacdn 135 52 21 2 7 0 0 0 0 a
Morelos 0 0 0 1 0 0 0 0 0 0
Nayarit 206 154 a8 49 27 a7 24 38 sl 70
Qaxaca 654 285 260 699 1083 1432 575 369 804 896
Puebla 7 1 0 0 0 0 0 0 0 C
Quintana Roc 332 215 276 88 40 11 17 14 15 4
Sinaloa 790 616 664 377 513 208 98 108 76 72
Sonora 79 59 32 76 49 29 17 13 10 18
Tabasco 297 218 139 167 145 97 86 86 12 8
Veracruz 34 20 1 4 1] 2 2 0 0 0
Yucatan 50 9 33 15 5 0 0 0 1] ¢]
Totaf malaria cases 7272 4867 4552 3607 3268 2966 2413 2307 2357 2595

potential exposure to malaria, thus triggering deferral;
records were no longer available for another 60 donors
(6.8%). The adjusted distribution in Table 4 and the cal-
culations based on them assume the distribution of
travel by the 15% missing was random, and locations for
these observations were reallocated according to the pro-
portion missing for each blood center. Notably, more
than nine of 10 donors in this analysis provided sufficient
detail on their travel destination(s} within Mexico to
identify both state and county visited.

Duration of exposure was estimable for 284 donors,
and the distribution was bimodal. Nineteen percent of
donors reported a duration of exposure of ¢ days, which
reflects day trips to risk areas. Another 24% reported 7-day
stays in areas with malaria risk. The median and mode
both were 7 days, and the mean was 7.4 days. Together,
73% of the 284 donors reported a duration of exposuie of
7 or fewer days, and this duration was accordingly used to
estimate the risks for malaria infection, discussed below
and shown in Table 4.

Asignificant majority—72%—of REDS-II donors were
deferred for travel to the state of Quintana Roo. Located
on the Yucatin Peninsula, Quintana Roo draws heavy
numbers of tourists arriving by both plane and cruise ship.
As indicated in Table 3, the number of malaria cases
reported in Quintana Roo has been reduced by more than
95% over the past decade, and in 2005 (Table 2) only two
of the eight counties in the state had any cases. The infor-
mation provided by travelers to Quintana Roo was suffi-
ciently detailed to identify location at the county level for
98% of the donors deferred for travel to that state
(Table 4). Risk for infection in donors with travel to Quin-

tana Roo is derived from a weighted summation of loca-
tion risk (county level for 98%, state level for 2%)
multiplied by the number of US donors extrapolated from
the REDS-II donors (Table 5). From these calculations,
two figures stand out. First, 81% visited areas with zero risk
for malaria in 2005 (Table 4 and Fig. 2%), mostly in the
area of Canciin, Playa del Carmen, and other coastal areas
of the northern third of the state. Second, after adjusting
for duration of exposure (see above), we would expect the
projected number of 47,939 donoers deferred annually for
travel to Quintana Roo to acquire malaria infection at a
rate of 0.0080 per year, or one infection every 125 years.
This estimate assumes no significant alteration in the
degree or distribution of risk within the state, both of
which seem reascnable inferences based on the number
of cases reported statewide. during 2006 through 2009
(Table 3}. )

After Quintana Roo, the states responsible for the
second- and third-largest number of donor deferrals also
represent very-low-risk travel. Both Guerrerc and Nayarit
account for more than 6% of travel deferrals to Mexico, but
Guerrero teported no more than three cases of malaria
(either zero or three, depending on the source) in 2005,
and travelers to both states overwhelmingly reported
travel destinations in counties with zero malaria cases
throughout 2005 (see Fig. 3 for Nayarit®). Accordingly, the
more than 8400° US donors projected to have been
deferred for travel to these two states would be expected to
acquire 0.0007 infections altogether, or one per 1400 years.

Continuing in like fashion across all the states respon-
sible for donor deferrals, the results indicate that 76%
of donors did not enter an area with even one malaria case
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TABLE 4. Distribution of travel destination and estimated risk for acquiring malaria infection for 885 REDS-Il donors deferred for malaria travel to

Mexico and projections to US donors overall

Trave! destination (%)

Location risks

Projected US deferrals and infections
in donors with malaria travel to Mexico

Parcent Percent with Estimated Number of Expected infections in

Raw Adjusted assignable travel to zero-  weighled projected number of deferred donors Percent of total
State distribution distribution” to county level* risk area® risk, API US deferrals  {and 95% CIt), 7-day exposura  estimated risk
Quintana Roo 63.8 (n=565) 72.0 (n=637.5) 98 81 0.0086 47,939 0.0080 (0.0044-0.0145) 3.0
Nayarit 5.2 {(n=48) 6.5 (57.1) 89 89 0.0076 4,295 0.0006 (0.0004-0.0009) 0.2
Guerrero 4.3 (n=43) 6.2 (55.0) 97 77 0.0010 4,140 0.0001 (0.0000-0.0006) 0.0
Qaxaca 23 (n=20) 2.8 (24.6) 49 0 6.1106 1,847 0.2170 (0.1456-0.3234) 81.1
Sinaloa 1.8(n=17} 2.6 (22.9) 67 0 0.1253 1,751 0.0041 (0.0027-0.0064) 1.5
Jalisco 1.8 (=16} 2.5 (21.7) 53 53 0.0450 1,718 0.0014 {0.6002-0.0105) 0.5
Yucatdn 1.8 (n=16} 2.3 (20.3) 79 100 0.0000 1,524 0.0 {0.0-0.0) 0.0
Michoacdn 1.5 (n=13) 2.0 (17.8) 43 100 0.0000 1,342 0.0 (0.0-0.0) 0.0
11 other states and Mexico City 24 (n=21) 3.2 (28.1) 78 51 0.8942 2,117 0.0364 (0.0226-0.0587) 13.6
Location unassigned 14.6 (n=129)
Total 885 92 (814/885) 76 (673/885) 0.20911 66,554 0.2676 {0.2483-0.2885)

* Adjusted distributions are raweighled according to the percent missing for each center, as shown in Table 1.
1 Cls do not account for temporal or geographic variation of AP, temporal variation in travel habits of US donors, or variation In donation habits of US donors.

TABLE 5. Detailed calculations for risk estimates for travel to state of Quintana Roo

Estimated resident

Percentage of REDS-II

Number of projected

Expected malaria

infections, APi {and 95% CI'},

County (raw/adjusted number) risk, 2005 malaria deferrals with travel to Mexico US deferrals in donors (7-day exposure)
Cozumel {n = 8/8.136) 0.0000 0.92 B12 0.0000 {0.0000-0.0000)
Felipe Carrillo Puerto (n = 1/1.938) 0.0306 0.22 146 0.0001 (0.0000-0.0004)
Isla Mujeres (n = 1/1.008) 0.0000 0.1 76 0.0000 (0.0000-0.0000)
Othén P. Blango (n = 85/107.601) 0.0410 12.16 §,092 0.0064 (0.0034-0.0119)
Benito Judrez (n = 64/65.138) 0.0000 7.37 4,902 0.0000 {0.0000-0.0000)
José Marfa Morelos (n=0} 0.0000 0.0 1] 0.0000 (0.0000-0.6000}
Ldzaro Cédrdenas (n=0) 0.0000 0.0 o 0.0000 (0.0000-0.0000)
Solidaridad (n = 397/441.450) 0.0000 49.88 33,198 0.0000 {0.0000-0.0000)
Unspecified location (n=9/12.149) 0.0861 1.37 914 0.0015 (0.0007-0.0034)
Totals 72.0. 47,939

0.0080 (0.0044-0.0145)

* Cls do not account for temporal or geographic variation of API, temporal variation in travel habits of US donors, or variation in donation habits of US donors.
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Fig. 2. Mexican State of Quintana Roo, with 2005 county-level malaria risk and general distribution of REDS-II malaria travel
deferral destinations, Map adapted from Instituto Nacional de Estatfstica e Geograifa.® [Correction added after online publication

12-May-2011; deferral numbers added.]

in 2005, and the weighted average location risk for all
deferred donors is 0.2091 infections per 1000 year-round
residents. Adjusted for duration of exposure, this estimate
implies roughly a 1:250,000 malaria risk for US donors
deferred for travel to Mexico. Given the 100-fold risk gra-
dient across states shown for Mexican residents in Table 3,
the donor risk categorized at the state level gives similar
results, In fact, 81% of the risk attributed to donors
deferred for travel to Mexico (0.2170 infections annually,
or roughly one case per 4.6 years) is for travel to the state of
Qaxaca, a risk associated with only 1847 donors. Omitting
them from the analysis, the remaining 64,707 donors col-
lectively incur risk for malaria infection of roughly one per
20 years. Inclusion of Oaxaca yields an estimated 0.2676

expected infections in 66,554 deferred donors per year, or
roughly one infection every 3.7 years.

These [requencies can be understood as the
maximum theoretical risk from fully repealing the donor
deferral for travel to Mexico, which assumes that all
donors present for donation immediately upon return.
Given that 50% of vivax malaria infections in US travelers
become symptomatic within 1 month and 70% within 3
months,'? the actual risk under the expected distribution
of intervals between return and presentation would likely
be quite a bit lower. Moreover, as discussed below, imput-
ing to US travelers a prorated risk for malaria infection
equivalent to Mexican residents almost certainly over-
states risk by a significant, albeit unquantifiable amount.
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Fig. 3. Mexican State of Nayarit, with 2005 county-level malaria risk and destination location of large majority of REDS-I1 malaria
travel deferrals. Map adapted from Instituto Nacional de Estatistica e Geograffa.® [Correction added after online publication

12-May-2011: deferral numbers added.]

It is noteworthy that donors were deferred for travel to
19 states, plus the Federal District {Mexico City), whereas
only 13 states are listed by name in the Yellow Book. To be
sure, these occurrences represent a small minority, but
some of the states responsible for deferrals (Baja Califor-
nia Sur, Colima} had not reported a malaria case in several
years.

DISCUSSION

While blood centers in the United States have previously
expressed concern that the donor deferral for malaria risk
in Mexica reflects a poor balance between risk averted and

2406 TRANSFUSION Volume §1, November 2011

impact on blood availability,® no systematic effort had
been undertaken to quantify either metric in a joint
assessment of safety and availability. Qur consortium'’s
first analysis suggested that the risk for malaria infection
associated with travel to Mexico might be low enough that
the current 1-year deferral period could be scaled back
with negligible impact on blood safety. Given the apparent
size of the population of willing donors turned away afier
travel to Mexico, there are indeed significant potential
gains in blood availability to be weighed in the assessment
of risk and benefits that might follow any change in donor
eligibility requirements. To address the potential concern
that our estimates for malaria risk in US travelers to
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Mexico might not have been based on accurate estimates
of population at risk, we sought an alternate measure for
malaria risk that was independent of US traveler patteins
overall. The results presented herein support the conclu-
sions from the original paper, while providing a more
nuanced perspective on donor travel patterns and atten-
dant malaria risk.

Based on the recognition that traveler risk and donor
acceptance might be only loosely associated, this analysis
purposefully did not restrict its focus only to the donor
population that entered an area in Mexico with active
malaria transmission, While a donor who reports having
entered a risk area is clearly excluded from donation,
other donors who did not enter such an area but who
cannot provide sufficient detail to exclude the possibility
of malaria exposure are also deferred. Thus, the critical
population for the current analysis is the donor popula-
tion who entered an area of Mexico that would trigger
their exclusion from blood donation, independent of the
level of risk they might have faced. As indicated in Table 4,
a large majority {76%) of donors were deferred for travel to
areas reporting zero malaria cases in 2005.

The discrepancy between risk areas described in the
CDC Yellow Book and actual donor deferrals could have
more than one explanation, First, the deferral of doners
for travel to areas with no malaria could simply reflect the
natural time lag between an area within Mexico having
been determined to be free of active transmission, this
information being published in the next version of the
Yellow Book and the newest version of the Yellow Book
being integrated into blood centers’ documentation for
donor screening for malaria risk. Indeed, the version of the
Yellow Book subsequent to the one referenced for this
study removed four states from the list of those considered
risk areas: Campeche, Guerrero, Jalisco, and Michoacdn. A
second, perhaps more important factor, might be the
limited amount of detail available in the Yellow Book
coupled with limited information provided by the donor
him- or herself. Consider, for example, the fact that the
state of Nayarit has reported nearly all its malaria from
the same six counties—Huajicori, Acaponeta, Del Nayar,
Rosamorada, Ruiz, and Tepic—between 2002 and 2005%
(see Fig. 3), but 85% of REDS-II donors were deferred for
visiting Nuevo Vallarta and Sayulita in the county of Bahia
de Banderas in the southern part of the state, where no
malaria case has been reported since at least 19993 A
simnilar dynamic prevails in the states of Guerrero and
Quintana Roo. The breadth of risk implied by the phrase
“rigk in rural areas” followed by a long list of states implies
that risk is incurred by any traveler who leaves an urban
locale in any of those states, and a high lack of specificity
is the result. The issue of timeliness of risk information
could in theory be partly remedied by the online malaria
risk map CDC has developed,* if subsequent iterations of
this application were to provide more detailed or more

recent information than the print version of the Yellow
Book. In sum, while the information provided by the CDC
is valuable in assessing risk, it is often insufficient to
exclude the need for deferral for many presenting donors.

The risk estimates presented herein should be evaiu-
ated in terms of how realistically they reflect the actual risk
incurred by deferred donors. The intent of this analysis, as
with the prior one, was to develop a conservative model
that ensured that risk estimates were not artificially low.
We are confident that the first model is successful in this
sense, most notably by its prediction of one case of TTM
every 6 years from a routine traveler, whereas empirical
observation has identified only one such case in the past
three decades. We believe that the low risk estimates for
travel to each state in the current analysis also are conser-
vative and provide a significant margin of safety. This is
probably best illustrated by the data from the state of
Oaxaca, which is responsible for the largest share of cases
within Mexico and the second-highest population-
adjusted risk in 2005. Notably, less than 5% of the state’s
population lives in risk areas, and only 19 (3.3%) of the 570
counties reported cases in 2005 (Table 2). Combining
census and reported malaria data,*®! one sees that Oax-
aca's 1432 cases are scattered across 265 different towns or
hamlets (of 1249 in these 19 counties), which by simple
arithmetic implies an average of five malaria cases per
town or hamlet, each with mean population of 700 inhab-
itants. Altogether, the data suggest that the population-
adjusted risk of 7.39 cases per thousand residents, or 1:135
residents annually, applies to a very small share of the
population and the landscape of Oaxaca. If tourists to
Ouaxaca faced malaria risk equivalent to those of local resi-
dents, one should expect far greater numbers of US tour-
ists to return with malaria. Oaxaca accounts for roughly
1% to 2% of air traffic from the United States to Mexico??®
and is associated with 3% of the deferrals in the REDS-II
cohort. Ifeven 1% of US overnight travelers to Mexico visit
Qaxaca, stay 1 week, and face the malaria risk shown in
Table 4, one would expect almost 24 malaria infections
from this state alone, four times the average over the past
8 years for the whole country (200,000 travelers x 1:163
risk + 52 for 1-week exposure = 23.6 infections). In sum,
use of local resident risk as a proxy for traveler risk
undoubtedly overstates the risk in our donor population,

Whether the predicted level of risk supports a com-
plete or partial reversion of current deferral requirements
for travel to certain parts of Mexico is a question that has
been reviewed recently by policy makers.* In a discussion
focused only on Quintana Roo, Mexico, the FDA Blood
Products Advisory Committee recommended 17 to 1 in
favor of allowing donation from donors with travel to that
state. Our analysis reinforces this conclusion and supports
extending a similar policy to other areas of Mexico with
exquisitely low risk for malaria infection. Both within
Quintana Roo and elsewhere, most donors reported travel
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to areas with zero-reported malaria cases in 2005, and
those that traveled to areas with theoretical risk generally
incurred risks of very low magnitude. Specifically, three in
four deferred donors were associated with areas that were
malaria-free in 2005, and 85% of the remainder faced esti-
mated I-week risks of less than 1:640,000. Only the 3.5% of
donors deferred for travel to Oaxaca, Chihuahua, and
Sonora faced potential risks that could be considered non-
trivial. This finding replicates that from our consortiurm’s
first analysis, albeit here on a subnational rather than
global scale, the largest share of malaria travel deferrals is
associated with travel to the area of lowest estimated risk.
Just as Mexico reflects about a 1000-fold lower risk than
Africa, donors who visited Quintana Roo appear to have
faced an average 1 in 115,661 (annualized) risk, compared
to travelers to Qaxaca, with its estimated risk of 1 in 164, a
700-fold difference. Adjusting each for a 1-week exposure,
that leaves us with absclute risks on the order of 1 per 6
million for Quintana Roo versus 1 per 8510 for Oaxaca.
Returning again to the earlier article, the absolute traveler
risk for Quintana Roo is less than 8000 times that of the
estimated traveler risk to Africa. We believe that at a
minimum Quintana Roo should nolonger be considered a
deferrable travel destination, and strong consideration

should be given to extending such a measure to other .

locations in Mexico with very low malaria risk.

This study is subject to a number of potential limita-
tions. First, donors from the REDS-II blood centers might
have travel patterns that are not representative of US
donors overall. In fact, given the ]a(;k of REDS-II data from
the southwestern United States, one might assume that at
least that region’s donors could have a different amount of
travel to Mexico or undertake travel of a different nature
compared to REDS-II donors. While such data are sparse,
a parallel study to this one was presented to the FDA's
Blood Products Advisory Committee. Using 2008 deferral
data from blood centers in the border states of Texas,
Arizona, and New Mezico, the study found a similar per-
centage of donors deferred for malaria travel as was found
inn REDS-II donors (0.9% vs. 1%), but found that a higher
percentage were deferred for travel to Mexico (60% vs.
42%). The distribution across states differed from that in
REDS-II donors, with more deferrais for travel to border
states Chihuahua and Sonora within Mexico (15% vs.
<1%}; however, Quintana Roo still represented the state
responsible for the largest share (37%) of deferrals. More
broadly, the study suggested that a majority of border state

" donors are also deferred for visits to areas with very low
risk («1:250,000 assuming 1-week exposure).®

Another potential limitation is that location data were
not available from 15% of the donors in this study who
were deferred for travel to Mexico. To cause downward
bias in our risk estimates, however, the missing data
would have to be from donors with higher malaria risk
while traveling to Mexico than other donors from the
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same blood center, an unlikely scenario. If anything, the
missing data are likely to come from relatively low-risk
travelers. Since by 2008, 100% of rmalaria in Mexico has
been characterized as occurring in indigenous popula-
tions in scattered rural areas,® one should expect these
areas to be visited by the more adventurous and/or
sophisticated traveler, who almost certainly would be able
to name at least the state they visited. In any case, because
the missing data are adjusted for by reweighting the avail-
able data for each center, any difference in risk for donors
across REDS-II centers is adequately accounted for.

A third concern might be that the reports of lower
levels of malaria within Mexico could reflect diminished
surveillance capacity rather than reduced malaria trans-
mission. Available evidence, however, suggests this is not
the case. Mexico accounts for less than 0.5% of malaria
cases diagnosed across all endemic countries in the
Americas, yet carries out more than 18% of all blood
smears examined for diagnostic purposes.® A slide posi-
tivity rate that is a fraction of other countries’ together
with a higher proportion (36% vs. 21%)* of cases found
through active case detection confirms that Mexico's
malaria surveillance is both robust and committed to
identifying all potential cases of infection.

One final possible limitation is that our estimates for
risk and benefits associated with modifying the deferral
guidelines to Mexico are based on risk estimates from
2005 only, and detailed county-level data are not available
from 2006 onward. This could have implications for the
reliability of the estimates presented herein as well as for
inferences applied to subsequent time periods. While two-
thirds of the donors in our analysis actually traveled in

. 2006, we have no a priori reason to assume that reliance

on 2005 malaria surveillance data prejudices our risk esti-
mates. First, between 2005 and 2006, the overall number
of cases declined from 2966 to 2413, the API declined from
1.06 to 0.90,%% and three of the four states with the highest
API in 2005 all reported fewer cases in 2006: Chihuahua
from 181 in 2005 to 122 in 2006, Oaxaca from 1432 to 575,
and Sonora from 29 to 17; Durango, ranked highest in risk
in 2005, was only slightly higher in 2008, increasing from
114 to 121 cases. Going forward, one might be concerned
that the lack of county-level data beyond 2005 could mean
that any relaxation of deferral guidelines might not have
recent surveillance data of a high level of granularity to
support it. While the ideal scenario would involve the
availability of real-time, town- or hamlet-level data, the
data presented here are part of a long, downward trend in
risk for malaria in Mexico, and most of the areas shown to
be malaria-free (or very low risk) in 2005 were also
malaria-free or low-risk for several prior years. Further,
malaria case reports at the state level are currently avail-
able on a weekly basis, with enly a 2- to 3-week time lag,®
so that any significant change in malaria transmission
would likely become rapidly detectable. Unless the nature
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of donor travel patterns to Mexico were to be reoriented
toward risky travel in remote areas and away from beach
resorts, the estirnates of risk described in this analysis are
likely to remain relatively stable.

Based on the preponderance of blood donor deferrals
triggered by visits to areas of zero or very limited risk for
malaria, we recommend that the deferral policies for
donor travel to Mexico be revised in a way that balances
risk averted with the significant donor loss. While multiple
permutations of new regulations rmight reasonably be
considered, we believe that the data from this analysis and
available online are sufficient to inform these efforts.
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Epidemiological update: Malaria in Greece, October 2011
28 Qct 2011

According to the available epldemiological and entomaloglcal information, and the arriving winter season, the Intensity of
malaria transmission in Evrotas, Lakonia in Greece Is believed to be very low and is expected to cease shortly. For this
reason, chemoprophylaxis for malaria is not recommended for visitors fo the area, The use of standard mosquito biting
prevention measures continues to be encouraged.,

Between 21 May and 26 October, 2011, 61 cases of Plasmedium vivax infection have been reported in Greece. Thirty-three

of these cases were Greek citizens without travel history to an endemlc cotntry. Twenty seven cases are reported from the -
area of Evrotas, a 20 km2 river delta ares, located in the district of Lakonia in Pelloponese, southern Greece (see map).

The remaining six cases are from the municipalities of Attiki (n=2), Evoia (n=2), Victia {n=1) and Larissa (n=1). In addition,
28 cases of P. vivax infection in migrant workers have been reported from the area of Evrotas. Of the 28 malaria cases
identified in immigrants in Evrotas, Lakonia, the majority (n=21) originated from malaria endemic countries even though a
clear importation status couid not be determined; 19 originated from Pakistan and two from Afghanistan. For the remaining
seven immigrant cases, five were from Romania (two were diagnosed in Romania), one from Morocco, and one from
Poland, It should be noted that all reported cases in Immigrants (including the two cases diagnesed in Romania) are In
persons that work in the agricultural areas in this part of Greece,

Map: Municipality of residence of Plasmodium vivax malaria cases, Gresce, as of 17 October, 2011 (n=61)

The first reported cases In Evrotas had symptom onsets in epidemiological week 21 (23-29 May) and the last two cases had-
reported symptom onset during week 42 (17 — 23 October). A peak in reported symptom onset occurred during weeks 36
.and 37 (5 — 18 September). Since then a steady decline In reported cases has been observed despite the ongoing active
case finding in the area. All cases reported from other areas in Greece report symptom onset before September 2011,
Cases reported In the last two weeks would have likely been infected during September or eatly October, All cases are
confirmed P. vivax infections and all were mild, apart from one fatal case in a-male aged over 70 years who had pulmanary
co-infection and underlying medical conditions.

Data from entomological surveillance indicates that there have been very low larval densities detected in mosquito breeding
sites and an absence of adult Anopheles mosquitoes captured in carbon dioxide light traps in Evrotas, Lakonia in recent
weeks. Since early October, temperatures in the area have dropped below 20°C and the vector population Is rapidly waning
as expected for autumn and winter monkhs.

Figure: Distribution of reported cases of P. vivax infection by date of onset and citizenship status, Lakonia,
Greece, week 21-43, 2011 (h=53).
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malaria cases in Romanian farm workers were diagnosed aifter their return to Romania are also not included. The fast
reported case was a migrant from Afghanistan who arrived in Greece during the previous 20 days.

Control measures implemented include enhancing surveillance in the affected areas to rapidly identify cases; active case
finding in Evrotas, Lakonia (house to house visits since 1 October 2011) followed by microscopy diagnosis for malaria and
supervised treatment according to the national protecol (chloroguine and primaquine for uncomplicated £. vivax infection);
informing health care professionals on early malaria diagnosis and treatment; raising public awareness, and strengthening
blood safety. A decree was issued by the Greek MCH to facilitate prompt diagnosis and treatment. Intensified mosquito
control measures have also been carried cut by local authorities. All £. vivax infections were sensitive to chloroguine,

Malaria is an infectious disease caused by the Plasmodium parasite, and transmitted by Anophefes mosquitoes. The
incubation period varies between 7 and 15 days, but long incubation periods of several months (and years) have been
cbserved for P. vivax malaria. Malaria is characterised by fever and influenza-like symptoms, including chills, headache,
myalgia, and malaise; these symptoms can cccur at intervals. More information can be found on the ECDC factsheet.

Following the two visits of ECDC and WHO experts to the affected areas, ECDC has not changed its risk assessment of this
event since October 11, 2011, and considers the current risk for malaria infection in Greece to be to persons residing and/or
working in the affected areas of Greece, particularly that of Evrotas, Lakenia. This is 2 gecgraphically delimited area, having
a small population and s not a touristic destination. According to the available epidemiclogical and entomological
information, and the arriving winter season, the intensity of malaria transmission in Evrotas, Lakonia is believed to be very
low and is expected to cease shortly. For this reason, chemoprophylaxis for mafaria is not recommended for visitors to the
area, The use of standard masquite biting prevention measures continues to be encouraged.

Read more:

ECDC Rapid Risk Assessment malaria Greece 2011,

Eurosurvelllance article describing the outbreak

More information is available on KEELPNO website

ECDC factsheet :
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In January 2012, a case of Human African
Trypanosomiasis (HAT) has been identified in Germany
in a ftraveller returning from the Masai Mara area
in Kenya: The 62-year-old man had travelled to the
Masai Mara game park from 18 to 19 January 2012
and developed fever on 28 January. The infection with
Trypanosoma brucei rhodesiense was confirmed by
laboratory testing three days hereafter.

Case report

On 28 January 2012, a 62-year-old man was hospital-
ised after a sudden onset of fever with temperature
up to 39°C in a local hospital near Frankfurt, Germany.

The fever started after his return from a holiday trip to .

Kenya from 8 to 28 January. Upon arrival in Germany
and admittance fo a local hospital, the patient was sus-
pected to have malaria and treatment with Atovaguon f
Proguanil was administered for two consecutive days.
The diagnosis was made on the basis of a thin smear,
which was later re-evaluated after the patient’s trans-
fer to the Infectious Diseases Department of Frankfurt
University Hospitai and ne Plasmedium parasites were
detected.

He had travelled by airplane directly from Frankfurt to
Mombasa and back and spent all the time at a beach
resort south of Mombasa except for a trip to the Masai
Mara area from 18 to 19 January. For this trip, he flew
from Mombasa to the Ol Kiombo airstrip, stayed at a
camp in the area, and then went on safari excursions
within a radius of approximately 50 km from the camp.
He wore shoris and short sleeved shirts most of the
time and used insect repellents.

Déspite anti-malarial treatment, the patient was
still febrile on 31 January and was transferred to the
Infectious Diseases Department of Frankfurt University
Hospital. By then, the clinical symptoms had become
more severe, with strong frontal headaches, vertigo,
nausea and arthralgia. Fever was still high at 39.2°C, He

www,eurosurveillance.org

Article published on 8 March 2012

had two distinct, painless skin lesicns over both tibiae
{Figure 1), but no lecalised or disseminated lymph node
enlargement.

Malaria parasites were not confirmed in Quantitative
Buffy Coat, Giemsa-stained thin or thick blood smears
and the malaria antigen test (BinaxNow) was nega-
tive. However, Trypanosoma brucei rhodesiense was
detected in thick blood smears stained with Giemsa

‘(Figure 2} on 1 February.

Treatment was started three hours after diagnosis of
trypanosomiasis with 1 g of suramin as a continucus
infusion over one hour. As the substance was not read-
ily available, it was brought to Frankfurt University
Hospital from the “Missionsarztliche Klinik” Wiirzburg,
Germany, where a regular stock of suramin is kept. In
parallel, the patient was given prednisolone to prevent

FIGURE 1

Chancres due to infection with Trypanosoma brucei
rhodesiense in a German traveller returning from the
Masai Mara area, Kenya, January 2012




allergic reactions. The treatment was followed on day.

1, 3, 7, 14 and 21 without complications,

A lumbar puncture performed on day 2 of therapy
revealed a normal cerebrospinal fluid (CSF) pattern
and a PCR with Trypanosoma spp. specific primers
was negative from CSF as opposed to the peripheral
blood, where it was found to be positive, The patient
had leuko- and thrombopenia, an elevated complement
regulatory protein (CRP} and aspartate and alanine
transaminase levels two times the upper limit of nor-
mal. Electrocardiogram and echocardiegraphy did not
show any pathological findings.

The fever subsided on day 2 of treatment and no
parasites were detected from day 3 of the treatment
onwards. T. b. rhodesiense antibodies were detected
by immunofluorescence testing performed at the refer-
ence laboratory (Bernhard Nocht Institute, Hamburg,
Germany) on day 8 of treatment, 12 days after the
first symptoms whilst having been negative on day 1
of treatment. The patient concluded his treatment as
planned on day 21 without any residual problems and
left the hospital.

Discussion

Following the detection of a case of Human African
Trypanosomiasis (HAT) we screened the literature for
recent alerts of HAT in Kenya and only ProMED had pre-
viously published a report on the occurrence of HAT in
Kenya. This however, was documented almost 11 years
before the current case [1,2]. About a month after the
occurrence of the case described here, there was a fur-
ther case of HAT from the Masai Mara area described in
this issue of Eurosurveillance [3].

FIGURE 2

Giemsa-stained Trypanosoma brucei rhodesiense in a thick
blood smear from a German traveller returning from the
Masai Mara area, Kenya, January 2012

G4x magnification

A literature research on PubMed revealed two publica-
tions that reviewed the epidemiology of HAT in non-
endemic countries. A review of HAT cases imported into
Europe between 2005 and 2009 included 11 cases, five
of which were infected with 7. b. rhodesiense. There
were no-cases described from Kenya, but two infected
patients had travelled to the Serengeti, which directly
borders Masai Mara [4]. In another report, the biblio-
graphic data were supplemented by the World Health
Organization (WHO) data on requests of antitrypano-
somai drugs from hospitals in non-endemic countries
treating travellers. These data showed that 94 cases of
HAT were identified between 2000 and 2010, 72% of
which were caused by T, b. rhodesiense. Although 590%
of the cases were identified in Tanzania, with the vast
majority of cases being tracked back to the Serengeti,
no cases have been reported from Kenya [5].

Trypanosemiasis is a disease that occurs in local
clusters, and one such cluster was identified in 2002
through the TropNetEurop Sentinel Surveillance net-
work when two index and seven consecutive cases
were identified in non-disease endemic countries in
Europe and South Africa [6]. These cases originated
In the Serengeti and Tarangire National Parks in close
proximity to Masai Mara, but with no documented case
originating from the latter.

The above mentioned reports documented imported
cases that were diagnosed in non-endemic countries.
There are data on the cases diagnosed within the coun-
try however, The Kenyan reference hospital for sleeping
sicknessin Alupe, which is on the Ugandan border north
of Lake Victoria, reported 31 patients with HAT caused
by T. b. rhodesiense between 2000 and 2009. Twenty-
two of the patients were diagnosed at the late stage of
the diseases and coinfections and comorbidities were
frequent [7]. Additionally, WHO extensively mapped the
epidemiology of HAT in Africa between 2000 and 2009.
For Kenya, sporadic cases were described in the very
wastarn provinces Bungoma, Teso and Busia, again on
the Ugandan border, as well as in the Nyanza province.
Epidemiologicat analysis of HAT in Kenya between 1950
and 2007 showed that infections occurred exclusively
in these Western provinces, and the prevalence Is alto-
gether estimated to be low with only sporadic infec-
tions the 1990s onwards [8, 9].

Conclusion

We identified a case of HAT due to T. b. rhodesiense
infection in a traveller who had returned from the Masai
Mara area, Kenya. After this case, another report of an
imported HAT infection from this area was diagnosed
one month later and communicated worldwide [10].
This is noteworthy, as there were no cases described
from Masai Mara in the last decade. Previously, there
was documented disease activity in Kenya which was
limited to the western provinces, as well as Serengeti
which is essentially in direct vicinity to Masai Mara.
This report should alert clinicians to he aware of HAT
when dealing with travellers from the area concerned,

www.eurosurveillance,org



We have been in contact with WHO  in Geneva,
Switzerland, who confirmed that the local autherities in
Kenya have been informed and a WHO team of experts
has been sent to the area to elucidate the situation,
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BLOOD COMPONENTS

Stored red blood cell viability is maintained after treatment with
a second-generation S-303 pathogen inactivation process

Jose A. Cancelas,* Larry' JI. Dumont,* Neeta Rugg, Zbigniew M. Szczepiorkowski, Louis Herschel,
Alan Siegel, P Gayle Pratt, D. Nicole Worsham, Anne Erickson, Meisa Propst, Anne North,
Claire D. Sherman, Nina A. Mufti, William E Reed, and Laurence Corash

BACKGROUND: Transfusion-transmitted infections and
immunologic effects of viable residual lymphocytes
remain a concemn in red blood cell {(RBC) transfusion.
Pathogen reduction fechnologies for RBC components
are under development to further improve transfusion
safety. S-303 is a frangible anchor-linker-effector with
labile alkylating activity and a robust pathogen reduction
profile. This study characterized the viability of RBCs
prepared with a second-generation S-303 process and
stored for 35 days.

STUDY DESIGN AND METHODS: This was a two-
center, single-hlind randomized, controlled, crossover
study in 27 heallhy subjects. S-303 (test) or controt
RBCs were prepared in random sequence and stored
for 35 days, at which time an aliquot of radiolabeled
RBCs was transfused. The 24-hour recovery, RBC life
span, and in vitro metabolic and viability variables were
analyzed,

RESULTS: The mean 24-hour RBC recovery and
hemolysis of test RBCs were similar to contrel RBCs
and were consistent with the Food and Drug Adminis-
tration (FDA) guidance for RBC viability. The mean
differences in life span and median life span (Tso) of
circulating test RBCs were 13.7 and 6.8 days, while the
mean difference in the area under the curve of surviv-
ing RBCs was 1.38%, in favor of control RBCs. There
were no clinically relevant abnormal laboratory values
after the infusion of test RBCs. Al crossmatch assays
of autologous S-303 RBCs were nonreactive.
CONCLUSIONS: RBCs prepared using the S-303
pathogen inactivation pracess were physiologically and
metabolically suitable for transfusion after 35 days of
storage, met the FDA guidance criteria for 24-hour
recovery, and did not induce antibody formation.

ransfusion-transmitted diseases {TTDs) persist

despite implementation of screening tests and

donor deferral policies. Blood donations within

the window period of detection, containing a
low pathogen copy number below the limit of detection of
current screening tests, and emergence of new pathogens
for which licensed tests are not available are the main
causes of TTD persistence."® Inhibition of nucleic acid
replication in cellular bloed components inactivates
pathogens and viable residual white blood cells (WBCs)
associated with TTD and adverse immune-mediated reac-
tions.5® The current prevention strategy for immunologic
effects, including transfusion-assoclated graft-versus-
host disease prevention, is through leukoreduction and
ionizing irradiation treatment of blood components.”
However, this treatment is associated with a reduction in
red blood cell (RBC) shelf life and the release of high
levels of potassium into the extracellular medium® and
requires two blood component inventories in hospitals
that do not practice universal irradiation of all bloed
components.®

ABBREVIATIONS: AE(s) = adverse event(s); AUC(s) = area(s)
under the curve; GSH = glutathione; MCHC = mean corpuscular
hemoglobin concentration; TTD(s} = transfusion-transmitted
disease(s).
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Immunologic complications of transfusion, including
transfusion-related alloimmunization and immuno-
modulation, have been associated with WBC antigens and
WBC-derived compounds. While implementation of
universal leukoreduction has resulted in a significant
decrease in infectious complications,! residual WBCs are
believed to be a major source of alloimmunization and
immunosuppression after transfusion.!** Some biologic
data have suggested that use of pathogen inactivation
methods may reduce alloimmunization associated to
WBC antigen presentation.'47

Treatment of RBCs with §-303 has been shown to
effectively (=4 log) reduce a wide range of blood-borne
pathogens and inactivate residual WBCs.'*2 §-303 con-
tains an intercalator group that inserts into the helical
region of the nucleic acid, an effector group that allows
covalent modification of nucleic acid, and a ceniral fran-
gible bond that allows degradation of the compound. Acti-
vation and cross-linking occurs on transfer from a low pH
environment to the neutral pH of blood. The process is
completely light independent. The primary byproduct of
8-303 degradation is 5-300, a nonreactive species that is
excreted. Glutathione (GSH), a naturally occurring sub-
stance present in most cells of the body at milliiolar
concentrations, is used in conjunction with the S-303
treatment to quench nonspecific reactions of $-303 such
as surface modification of the RBC,

The first-generation §-303 treatment process for
RBCs (0.2 minol/L S-303 and 2 mmol/L GSH)} was evalu-
ated in a series of six clinical studies. Four of these studies
were radiclabel recovery studies in healthy subjects,22
and two were Phase III studies in patients requiring thera-
peutic RBC transfusion support.??¢ The Phase III clinical
study of chronic RBC transfusion was terminated before
completion when antibodies to §-303-treated RBCs were
detected in two patients requiring chronic RBC transfu-
sion support.?’ To eliminate the immunoreactivity of the
treated RBCs observed in the Phase III study, the 5-303
treatment process was modified to reduce the amount of
acridine bound to RBCs by increasing the concentration
of the quencher, GSH, to 20 mmel/L and increasing the
pH of the GSH by using a disodium salt form.’ .

An initial in vivo kinetic study with RBCs treated
under these modified conditions showed a reduced
packed cell volume due to moderate dehydration and
reduced 24-hour RBC recovery of S-303-treated RBC
stored for 35 days compared to controls.? The S-303 treat-
ment process was then optimized by replacing the hyper-
tonic GSH containing supernatant after treatment with a
standard, isotonic seolution before storage. This report
describes the in vitro characterization and viability of RBC
prepared with this second-generation §-303 treatment
process that incorporates the process medifications of
treatment with higher pH and GSH concentration fol-
lowed by a volume exchange step before storage.
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MATERIALS AND METHODS

Study design and enroliment

This was a randomized, single-blind, controlled, two-
period crossover study, designed to evaluate 24-hour post-
transfusion recovery and life span in healthy adult
subjects of autologous RBCs prepared using the second-
generation $-303 treatment process and stored for 35
days. A total of 27 subjects were enrolled and consented
using an informed consent document approved by the
local institutional review board, at two study sites, the
Hoxworth Blood Center, University of Cincinnati, and
Dartmouth-Hitchcock Medical Center. The order in which
each subject was transfused with §-303-treated (test} and
control RBCs was randomly assigned at the time of enroll-
ment. Each treatment period consisted of autologous
blood donation, preparation of RBCs according to treat-
ment assignment, infusion of radiclabeled autologous
RBCs, and collection of blood samples for assessment of
RBC recovery and life span (Fig. 1).

The primary endpoint was comparison of the 24-hour
posttransfusion RBC recovery. Additional endpoints were
mean life span, median life span (Ts), and area under the
RBC clearance curve (AUC); the incidence of anti-S-303
development after transfusion of test RBCs (with or
without §-303 RBC specificity) measured using a gel
card crossmatch assay against $-303 RBCs; incidence
of adverse events (AEs); and the in vitro characteristics
of test and control RBCs.

Donor eligibility criteria included age 18 years or
older, meeting AABB physical exam guidelines for alloge-
neic blood donation, no prior 5-303 exposure, negative
direct antiglobulin test, a2 predonation blood hemoglobin

. (Hb) level 0f 13.0 g/dL for females and 14.5 g/dLfor males,

and healthy by history and physical examination.

Sample size was determined to reach 80% power and
detect a treatmment difference of 4.4% (absolute difference)
and 5.2 days in RBC recovery and Ts, at the two-sided 0.05
significance level, assuming a standard deviation (SD) of
7.5% and 8.8 days for the paired difference in REC recovery
and Ts, respectively, based on a previous crossover study
of 5-303 RBC recovery and life span.

Preparation of S-303 RBC and control compeonents

On Day 0 of Treatment Periods 1 and 2, 1 unit of auto-
logous whole blood (500 = 50 ml) was drawn from
the subject into a primary collection container contain-
ing citrate-phosphate-dextrose anticoagulant (Terumo
Imuflex WB-RP blood bag system with in-line leukoreduc-
tion filter, Terumo Corp., Tokyo, Japan). Collected blood
was leukoreduced and processed by centrifugation into
RBCs by removing plasma and adding AS-5 (Optisol,
Terumo Medical Corporation, Somerset, NJ) to achieve a
final hematoerit (Het) ranging from 50% to 65%. Both test
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Fig. 1. Schema of the study design. Subjects were enrolled in tivo treatment periods (70 days each) where autologous control or test

RECs, randomly, were radiolabeled and infused.

and control RBCs were shipped to Cerus Corp. where the
test RBCs were treated with the $-303 treatment process
(Fig. 2) within 5 days after donation, and the control RBCs
were untreated. All units were stored at 1 to 6°C in moni-
tored refrigerators until return shipment to the study sites.
All shipments were on wet ice, maintaining temperatures
of 1 to 10°C.

Test RBCs were prepared by diluting RBCs in a solution
containing 55 mmol/L dextrose, 1.3 mmol/L adenine,
55 mmol/L mannitol, and 20 mmol/L sodium citrate, to
reach a Hetof approximately 40% in a closed processing set
{Avail Medical, Irving, TX). GSH sodium salt {TAD 2500,
BioMedica Foscama, Ferentino, Italy) and $-303 (AMRI,
Albany, NY, and KP Pharmaceutical Technologies, Bloom-
ingdale, IN) dissolved in 0.9% saline for injection was used.
Approximately 15 mL of each was added to achieve final

Transfer RBCs into Processing Set

4

Reconstitute and add Reagents
{GSH and 5-303) to Processing Set

Mix RBC with Reagents
"then transfer to Incubation Container

i

Incubate for up to 20 hoursat 20-25°C

§

Remove Treatment Solution and Transfer RBC to Storage
Container containing Additive Solution

concentrations of 20 and 0.2 mmol/L, respectively. The )

RBCs were transferred to an incubation and storage con-
tainer and stored at 20 to 25°C for approximately 18 hours.
After being incubated, the RBC units were centrifuged for 6
minutes at 4100 x g, and approximately 250 mL of the
supernatant was removed and replaced with 100 mL of
AS-5, followed by storage at 1 to 6°C. Each REC. unit was
returned to the respective study site within 14 days after
5-303 treatment. Unlike the first generation of 5-303 pro-
cess,? the use of an exchange process avoided the need for
a compound adsorption device. -

Because the study RBCs had been out of their control
when shipped off-site, each study site confirmed and
documented that the study RBC units returned to them

Fig. 2. Diagram of the treatment configuration used to
prepare 5-303 RBCs. The RBC unit and diluents solution are
transferred to the mixing container of the processing set. The

* GSH and §-303 are reconstituted and then sterilely trans-
ferred to the mixing container of the processing set resulting
in a final concentration of 0.2 mmol/L 8-303 and 20 mmol/L
GSH, After being mixed with GSH and 5-303 with the RBC
and diluent solution, the treated RBC unit is transferred to
an incubation container. The RBC unit is incubated at room
temperature (20-25°C) for up to 18 hours, At the end of the
incubation period the RBC unit is centrifuged, the superna-
tant is expressed, and the RBC unit is stored in fresh additive
solution.
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were those donated by the subject recipient. The identity
of each returned unit was confirmed by compariscn, and
verification of the RBC extended phenotype using a panel
of RBC major and minor antigens comparing preship-
ment samples to postshipment samples.

Chromium-51-labeled RBC 24-hour recovery

Samples for bacterial culture were taken from each unit at
least 5 days before the planned reinfusion date, On Day 35
of Treatment Periods 1 and 2, the day of reinfusion, each
study RBC unit (either test or control) was inspected for
stgns of hemolysis, clotting, or discoloration, and the bac-
terial culture was confirmed negative. The unit was cross-
matched against a fresh subject blood sample. The unit was
mixed by hand and an aliquet of the RBCs was collected
from the unit and labeled with 10 to 20 pCi of *Cr using
standard techniques®® The labeling agent, sodium
51-chromate, was mixed aseptically with the aliquot of
RBCs at room ternperature for 30 minutes followed by a
wash step to remove any unincorporated label. An aliquot
of the final volume was yeserved for assay as a standard.
Also on Day 35 of Treatment Periods 1 and 2, a fresh sample
of heparinized blood (approx. 10 mL) was collected from
the subject and treated with a stezile tin pyrophosphate
solution, containing approximately 2.0 pg of tin. After a
5-minute incubation at room temperature, the autologous
RBCs were washed with 2 volurmes of cold saline; 20 wCi
of technetium-99m (®™T¢) pertechnetate was then added
and incubated at room temperature for 10 minutes, After
an additional cold saline wash, approximately 4 mL of the
labeled RBCs was drawn up into a syringe. The %¥™Tc-
labeled RBCs were carefully added to the*'Cr-labeled RECs
and the two populations of labeled RBCs were infused for
assessment of subject blood volume and RECrecoveryand
survival, respectively. The amount of RBCs and the arnount
of radioactivity infused were determined based upon the
methods of Moroff and colleagues? and the International
Committee for Standardization in Hematology.®

The infusion of the radiolabeled aliquot and subse-
quent sampling was carried out according to study site
standard operating procedures and as described by Moroff
and colleagues?® Briefly, after infusion of approximately
10 mL of stored 5'Cr RBCs mixed with freshly collected
®mTe-labeled RBCs, seven blood samples were drawn over
the first 25 to 30 minutes after completion of the infusions
and one at 24 hours (Day 36). Additional blood samples for
*ICr activity assessment to measure life span were collected
at 48 hours (Day 37), 72 hours (Day 38), and 7 days (Day 42)
postirifusion and then weekly through 35 days postinfu-
sion {Days 49, 56, 63, and 70). The radioactivity of the
samples was counted in 2 gamma counter to determine
SICr- and =Tc-specific activity. The measurement of *Cr
provided an assessment of RBC recovery, and the measure-
ment of ¥ Tc was used to measure blood volume.?® All¥1Cr
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specimens used for survival analysis were counted at the
same time and corrected for decay.

RBC hematologic and chemical analysis

An aliquot was removed from the RBC units immediately
after collection (Day 0 of Treatment Periads 1 and 2) and
on the day of infusion (Day 35 of Treatment Periods 1 and
2} using closed-system sampling methods. These samples
were assessed for RBC physiolegic functioni measured by
in vitro variables {pH at 37°C, free Hb, adenosine 5'-
triphosphate [ATP], 2,3-diphosphoglycerate [2,3-DPGI),

- extraceljular potassitum, extracellular glucose, extracellu-

lar lactate, packed cell volume, and mean corpuscular
Hb concentration (MCHC) as previgusly described.® In
addition, a complete blood count with differential was
obtained on all study units on Days 0 and 35. .

Immunchematologic analysis

Sera from the subjects obtained before infusion on Day 35
of Treatment Periods 1 and 2 were tested for antibodies to
autologous control and autologous test RBCs using a com-
mercial anti-human immunoglobulin G gel card assay
(Ortho Clinical Diagnostics, Raritan, NJ). In addition, test
and control sera, collected and frozen on Days 49 and 70 of
each period, were screened against three individual units
of 5-303-treated and untreated allogeneic RBCs to detect
antibodies to S5-303 RBCs. The allogeneic RBCs (with the
phenotype O, Rh cde, K-} were prepared as conventional
RBCs and as S-303-treated RECs. Allogeneic RBCs were
utilized to test the serum samples from Day 49 and Day 70.
These assays were conducted at a central reference labora-
tory {American Red Cross Blood Services, Pomona, CA).

Calculations and statistical analysis

REClife span was estimated by dividing the 5! Cr raw counts
(adjusted for Hct) for time points greater than 24 hours (N
by the counts at time zexo (Ny). The estimate of the percent-
‘age of surviving cells was corrected for the loss of 5'Cr label
over time by using an elution multiplicative factor (emf) !
Linear and exponential functions were used to fit the data
distribution and a weighted mean approach was used to
derive a single estimate of Ts; and mean life span. The
estimates of mean life span and Ts; from each model (linear
and exponential) were pooled as follows:

Mean lifespan (weighted)=

(MSEuponemia] xll:inear +MSEllneat X llarpunel'!ﬁal )
(MSEaxponenng.l + MSEllnear )

and

Tso(weighted) =

(MSEexpDnenﬁal xﬁl!inear + MSEllnea.r X I:«':-le.qunemial )
(MSEexponemial + MSElinear )




where MSE stands for the mean square error and fi and
m represent the means for each of the models (linear or
exponential).

The AUC was determined by the trapezoid rule®
where the survival curve is divided into a series of trap-
ezoids {(between time points), and the area of each trap-
ezoid is calculated by the product of the width and mean
height. The overall AUC is the sumn of the trapezoidal areas.

For RBC recovery analysis, carryover effect was

deemed insignificant {p = 0.10) so that a period-adjusted.

t test was used to test for treatment difference in mean
recovery vahies. Unless otherwise stated, statistical analy-
ses were performed using an analysis of varianice (ANOVA})
model with terms for sequence, period, treatment, and
subject nested within sequence, where subject nested
within sequence was a random effect, while the others
were fixed effects, and except when stated otherwise, sta-

tistical tests were conducted using a two-sided alternative

hypothesis at a significance level of 0,05, The one-sided
95% confidence interval (CI)} for proportion of patients
with a recovery of at least 75% was determined via the
Clopper-Pearson method.

RESULTS

Demoagraphics and baseline subject characteristics

Table 1 displays the demographic characteristics of the
study subjects including ABO/Rh blood group. A total of

TABLE 1. Subject and immunchematologic
demographics at screening (indirect
antiglobutin test)*

Sex
Male 11 (40.7)
Female 16 (59.3)
Blocd group
A 9 (32.3)
B 7 (25.9)
AB 1(3.7)
0 10 (37.0)
Ah
Negative 3{11.1)
Positive 24 (88.9)
* Data are reported as number ().

RBC VIABILITY WITH S-303 PI PROCESS

27 subjects, 11 males and 16 females, ranging in age from
25 to 66 years, met entry criteria; and 26 completed both
phases of the in vivo recovery and survival studies. Direct
antiglobulin tests and antibody screen were negative for
all subjects enrolled at screening,

RBC content and prestorage hemolysis of
$-303—-treated units

5-303-treated RBC products, immediately after process-
ing and before storage, had a net weight of 297 £ 10 g,
with a Het of 59 = 1.8% and a Hb concentration of
18.8 = 0.8 g/dL corresponding to a total Hb content of
53.1 + 3.6 g. The mean prestorage hemolysis level was
0.1 * 0.0%. ’

Twenty-four-hour posttransfusion recovery

The mean posttransfusion recoveries were 88.9 and 90.1%
for test and control RBCs, respectively (Table 2). These
means were greater than the Food and Drug Administra-
tion (FDA) guidance for a minimum mean recovery of
75%. The SDs for recovery in test and control were 8.50
and 6.88%, respectively, consistent with the FDA criteria of
a maximum 9%. There was one subject in each treatment
group with recovery less than 75%. The lower bound of the
CI for the proporticn of subjects with a recovery of 75% or
greater exceeded the minimum of 70%. The lower confi-
dence bounds for test and control were both 83.6%. The
modest difference in mean 24-hour postinfusion recovery
of test and controi RBCs was not significant,

RBC survival

The mean life span and Ts, of RBCs was shorter compared
to that of control RBCs (Table 3). The mean life spans (cal-
culated by the weighted mean methad) for testand control
were 75 and 88 days, respectively, The mean difference in
mean life span between test and control was ~14 days
(p =0.0008). The mean Ts (calculated by the weighted
mean method) for test and control were 33 and 40 days,
respectively. Similar to the results obtained for mean life
span, the mean median life span was significantly reduced

- in test compared to control for both sites

TABLE 2, 24-hour Cr/Tc posttransfusion recovery of RBCs (%)

combined (p < 0.0001). The mean AUCs
for surviving cells, for test and control

suibjects with recovery = 75%
Mean difference (test ~ contral) -2.08
Two-sided 95% Cl of mean difference -6.20 to 2.04

Test (n=27). Control (n=27) pvalue groups, were 23 and 24%, respectively
Mean = SD 88085 90.1 £ 6.9 0.31 {p = 0.0124).
Median 88.7 90.8
Range 63.2-108.3 72.0-103.2 ,
Number of subjects with recovery <75% 1 . .
95% LCB of one-sided C1 for proportion of  83.6% B3.6% Posistorage biochemical variables

In vitro variables indicative of RBC
quality were analyzed for test and

LCB = lower confidence boundary.

control RBCs (Table4). On Day 35,

mean hemolysis levels were 0.24 and
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TABLE 3, Mean life span and T;, of RBCs
Mean difference Two-sided 95% Cl
Test {n =26) Control (n = 26) {test — control) of mean difference P value

Mean (days) 748 88.3 -13.73 2112 to -6.36 0.0008

Tso (days) 32.7 39.5 -6.77 -9.57 to —3.98 <0.0001

AUGC (% x days) 22.5 239 -1.38 -2.44 to —0.33 0.0124
subjects before infusion on Day 35. After

TABLE 4. RBC characteristics (mean * SD) the infusion, on Days 49 and 70 sera

Characteristic Control (Day 35) Test (Day 35) p value from all subjects were collected and

ATP {umol/g Hb) 3.59 = 0.808" 3.34 = 0.702 0.0028 were tested against allogeneic RBCs, All

Extracellular potassium {mmol/L) 527 =648 39.5 + 3.56 <0.0001 tch al . .

Hemolysis (%) 0.22 = 0,133 0.24 * 0.132 0.44 crossmatch  analyses were negative,

Free Hb (mgrdl} 106.9 % 64.95 104.43 £ 55.8 0.2628 except for one subject with a weakly

Extracellutar glucose (mmol/L) 14.6 £2.11 28.7 2 5.45 <0.0001 positive reaction (1+) for only one out of

Extracellular lactate {mmoll) . 28.8 344 181272 <0.0001 . .

pH al 37°C 6.483 £ 0.122 6404 £0039  ooo7s | threetestRBCs, onDay 49 after infusion

2,3-DPG {umol/g Hb) 0.29 & 0.280 0.12 * 0.137 0.8202 of control RBCs in Period 2, suggesting

MCHG (gfdL) 235 * 1-3‘5 338+ :13-53 <°-°gg: that this reactivity was not likely to be

% 7 E2. 4+ 3, . :

Spun Het (%) 7x2 624 %38 <0.0 specific for 5-303-treated RBCs. The
subject’s Day 70 serum sample for the
interval after infusion of §-303-treated

TABLE 5. Summary of AEs by subject RBCs was negative. Because there were
. Test Control Querall no positive crossmatch tests to 5-303
AE type (n=27) (=27) (n=27) pvake | ppeg after RBC exposure, no further
Any AE 8 3 1 0.23 .
Mild (Grade 1) 5 a 3 testing was done.
Moderate {Grade 2) 2 Q 2
Severe (Grade 3) 1 0 1
Potentially fife-threatening (Grade 4) 0 0 0
Possibly or probably related AE 4 3 7 1.0 AEs
After donation and before infusion - 1 1 2 Overall, 12 AEs were recorded for 11
Poslinfusion 3 2 5 o i : X
AE teading to siudy discontinuation Q 0 0 subjects. During the 24 hours after infu-
Serious AE i 0 1 sion, eight subjects experienced AEs

0.22% for test and control, respectively, with a maximum
level of hemolysis at of 0.61% in test and 0.66% in control
RBCs.

Biochemical variables measured on Day 35 showed
glucose levels of 28.7 and 14.6 (mmoi/L), for test and
control, respectively, while mean lactate values in-
creased to 18.1 and 28.8 (mmoi/L) and pH dropped to 6.40
and 6.48 for test and control RBCs, respectively, suggesting
increased glucose catabolism id S5-303-treated RBCs.
Mean potassium values on Day 35 were significantly lower
in the test group as a consequence of the exchange proto-
col. The exchange protocol did not significantly modify
the levels of 2,3-DPG or ATP immediately after processing.
On Day 35, the mean levels of ATP were 3.34 and
3.6 pmol/ g Hb for test and control RBCs, respectively, and,
as expected, the intracellular concentration of 2,3-DPG
was completely depleted by Day 35 of storage.

lmmunohemato]ogié analysis

In the context of a small-dose infusion, the results of the
crossmatch assays on subjects’ sera were negative for all
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after test RBCs and two subjects experi-
enced AEs after the control RBCs
{p =0.2266, Table 5). One severe AE was due to hospital-
jzation for sevére knee inflammation 27 days after the
infusion of test RBC infusion in Treatment Period 2.
However, this latter event was consistent with an existing
condition and was considered unlikely to be related to the
study treatment. Three moderate AEs were reported by
two subjects within 44 days after infusion of test RBCs.
These events included nonhemorrhagic, papular rash in
extremities of unknown eticlogy after receiving the RBC
infusion in one subject and moderate stomach pain and
diarrhea after receiving the RBC infusion in another
subject. Both events were judged as unlikely related to
study treatment by the local investigator: mild AEs within
24 hours after 5-303-treated RBC infusion included mild,
transient, decreased diastolic blood pressure, hyperhy-
drosis, iron deficiency, and dizziness. Mild AEs within 24
hours after control RBC infusion included local skin reac-
tion at infusion site and increased blood lactate dehydro-
genase. The overall AE incidence was not different
hetween the test and control group infusions (p =0.23,
McNemar's test) and not different for AE possibly or prob-
ably associated with treatment (p = 1.0).



DISCUSSION

S-303 is derived from a néw class of frangible anchor-
linked effectors with labile alkylating activity?® The first
generation of the S-303 RBC treatment system demon-
strated inactivation of a large spectrum of pathogens and
WBCs®* and was evaluated in a series of six clinical
studies. Four of these studies were radiolabel recovery
studies in healthy subjects,®?* and two were Phase III
studies in patients requiring therapeutic RBC transfusion
support.22® The Phase III clinical study of chronic RBC
transfusion was terminated before completion when
antibodies to 5-303-treated RBCs were detected in two
patients requiring chronic RBC transfusion support.®
Low-titer antibodies against acridine, present on the
membrane of the S-303-treated RBCs were detected by
positive crossmatch reactions of the patient sera to 5-303~
treated RBCs. Antibody titers declined to undetectable
levels in both patients during the follow-up period, and
were shown to be unable to react against 5-303-treated
RBCs which were prepared with a modified protocol
similar to the one presented in this article®™ A second
clinical trial of patients receiving transfusion of S-303-
treated RBCs during cardiac surgery showed an identical
frequency of crossmatch reactivity to S-303 RBCs (2 of 74
patients in test and control).? ]

A second generation of the 5-303 treatment process,
which was found to reduce the potential for immune reac-
tions and maintain acceptable RBC in vitro quality
throughout 35 days of storage, was tested in this Phase I
clinical trial. The primary objective of this study was to
evaluate the posttransfusion viability of autologous RBCs
prepared using the second generation S-303 pathogen
inactivation process and stored for 35 days. The study uti-

lized a crossover design, which has the major advantage of -

allowing intrasubject comparison between treatrnents by
minimizing the intersubject variability from the compari-
son. The primary endpoint was the posttransfusion recov-
ery 24 hours after infusijon of test and control RBCs. This
primary endpeint was selected because 24-hour post-
transfusion recovery represents the most commonly used
criterion indicative of RBC transfusion efficacy. The
24-hour recovery was not significantly different between
test and control RBCs. The 24-hour recovery for test RBCs
was 88.0 = 8.5% and that for control RBCs was
90.1 * 6.88%. These results fall within the FDA guidance
criteria defining the quality of RBC components based on
24-hour posttransfusion RBC recovery with respect to
both the absolute proportional recovery and the
maximuwm allowed variability in the 24-hour recovery
measurements.

Mean life span, Tsq, and AUC were evaluated as addi-
tional measures to characterize the viability of S-303-
treated RBCs. These variables were assessed by ANOVA
statistical analysis for a two-period crossover study design
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and by clinical relevance based on the criterion of
bioequivalence applied to other biologic variables defined
by a biologic variable within approximately 20% of its ref-
ererice value®® Approximately 1% of RBCs (senescent
RBCs) are normally cleared from the circulation’each day
and endogenous RBCs survive for approximately 120
days.*! The model used to calculate the clearance of 9'Cr-
transfused RBCs affects the measurement of RBC Ty, and
life span.*” Linear clearance is thought to be most consis-
tent with senescence, that is, the oldest RBCs preferen-
tially leaving the circulation. Exponential clearance is
thought to reflect clearance by a random process, perhaps
due to physical or metabolic changes that affect viabiity.*®
Following the International Cormmmittee for Standardiza-
tion in Hematology recommendations,? we modeled RBC
survival through both a linear and an exponential math-
ematical function and used a weighted mean model when
neither the exponential nor linear regressions demon-
strated superior fit?® The mean test and control RBC Tsy
values were 32.7 and 39.5 days, respectively (p < 0.0001).
For mean AUC, test RBCs were 22.5%, while control RBCs
were 23.9% of cells surviving (p =0.0124). The mean life
span for test RBCs was 74.6 days, while that for control was
88.3 days (p = 0.0008). Of notice, the mean life span results
are probably subject to a higher variation due to the
intrinsic limitation of ¥Cr survival analysis which uses
data extrapolation to calculate the axis intercept. For addi-
tional accuracy of RBC survival, we are planning further
determinations of long-term RBC survival in the context
of allogeneic transfusions of biotinylated RBCs. Despite
these statistical differences, it is of note that all these indi-
cators of RBC viability fall within the general guideline of
20% variation from the control consistent with the crite-
rion of bioequivalence. The mean Tsg falls within the pub-
lished reference range of 28 to 35 days for conventional
autologous RBC infusions.®

In addition to in vivo measures of viability, a series of
in vitre variables were used to assess the quality of 5-303
RBCs stored for 35 days. Minimal hernolysis, measured by
plasma free b, is an index of RBC quality. On Day 35 all
RBC units (both test and control) had hemolysis levels of
less than 1%. The maximum hemolysis on Day 35 was
0.61% in test and 0.66% in control RBC components. Mean
hemolysis on Day 35 was not statistically different
between test and control RECs (0.24% vs. 0.22%, p = 0.44).

ATP is an important reflection of RBC glycolytic
metabolism and correlates with posttransfusion RBC
recovery. By Day 35 of storage, the mean values of ATP for
both test and control were well above the threshold value
of 2 pmol/g Hb, which is considered acceptable for trans-
fusion® and the rmarginal decrease in ATP concentration
of test RBCs was not associated with diminished 24-hour
recovery or increased hemolysis.

To assess RBC hydration, MCHC was measured using
an automated hematology analyzer. This is an important
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variable because RBCs with altered hydration status may
exhibit diminished life span. For freshly drawn RBCs, the
MCHC reference value is 34 g/dL, with 2 $Ds lower being
31 g/dL® For control RBCs, the Day 35 MCHC was

32.5 g/dL and that for test was 33.9 g/dL (p < 0.0001). Both

of these values are within the reference range for fresh
RBCs. Overall, these in vitro data indicate that RBCs pre-
pared using the 5-303 treatment process remain viable
and metabolically suitable for transfusion through 35 days
of storage. These data are also consistent with the 24-hour
posttransfusion recovery results and with the three indi-
cators of RBC life span indicating bicequivalence between
test and control RBCs.

AEs were recorded for 24 hours after autelogous blood
donation and for 24 hours after each study transfusion. No
AE led to study discontinuation and no significant AE was
found to have a temporal or causal relationship to the
infusion oftest RBCs. There were eight AEs in the test group
and three AEs in the control group (p =0.23). Most AEs
were mild to moderate with the exception of one severe AE
in the test period that was considered not related to the
infusion of §-303-treated RBCs. Because of the small-
volume exposure to the test article and specific design to
define the in vivo RBC recovery, this study had limited
power to assess safety events. Despite that, we did not
observe any significant AEs with a temporal or causal rela-
tionship to the infusion of S-303-treated RBCs.

Two patients in the RBC chronic transfusion trial with
the first-generation 5-303 process developed antibodies to

" §-303-treated RBCs, The immunoreactivity observed was
due to the acridine moiety of the $-303 molecule and the
lack of involvement of the RBC surface in this reactivity
was confirmed by complete inhibition using acridine
alone, consistent with the absence of neoantigens on the
RBC surface. These antibodies did not induce detectable
hemolysis in vivo in either of the two patients. In addition,
a monocyte monolayer assay showed no increased RBC
phagocyiosis in the presence of seia of these two
patients.?8?"¥ This second-generation process was
designed to reduce the level of acridine bound to the RBC
surface, thus reducing the potential for immune response.
This has been supported by in vivo studies using a rabbit
model of chronic RBC transfusion® In these studies,
chrenic transfusion of RBCs with high levels of acridine
(similar to the first-generation process) elicited an
acridine-specific antibody response, whereas transfusion

of RBCs with low levels of acridine (similar to the second’

generation process) did not.

In the context of infusion of small dose of $-303-
treated. RBCs, there was no evidence of immune response
to 35-day-stored RBCs prepared using the 5-303 exchange
treatment process. §-303—-treated RBC antibodies were not

detected in any of the subjects’ specimens when followed,

for up to 70 days postinfusion. Although the overall
amount of infused RBCs was small, the absence of detect-
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able antibody formation supports progression to studies
of repeated transfusions of full units for recognized thera-
peutic indications.

In summary, in this Phase I two-period crossover
study conducted in healthy volunteers, the 24-hour post-
transfusion recovery of RBCs prepared using the §-303
pathogen inactivation process was not significantly differ-
ent than the recovery of control RBCs and complied with
the FDA guidance criteria for 24-hour RBC recovery and
hemolysis at the end of the storage period, with no signifi-
cant difference between test and control RBCs, RBC sur-

. vival assessed through three different variables fell within

20% of control RBCs, indicating bivequivaience of RBC
viability. There were no significant imbalances between
test and control RBCs with respect to safety. Pathogen-
inactivated RBCs produced using the 5-303 treatment

. process show broad bioequivalence with control RECs

and the product appears suitable for advanced clinical
development.
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