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Reducing the Risk of Human
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by Blood and Blood Products

Draft Guidance for Industry

This guidance document is for comment purposes only.

Submit one set of either electronic or written comments on this draft guidance by the date
provided in the Federal Register notice announcing the availability of the draft guidance.
Submit electronic comments to hitp://www.regulations.gov. Submit written comments to the
Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers
Lane, Rm. 1061, Rockville, MD 20852. You should identify all comments with the docket
number listed in the notice of availability that publishes in the Federal Register.

Additional copies of this guidance are available from the Office of Communication, Oufreach
and Development (OCOD), 10903 New Hampshire Ave., Rm. 3128, Silver Spring, MD 20993-
0002, or by calling 1-800-835-4709 or 240-402-7800, or email ocod@fda.hhs.gov, or from the
Internet at

http://www.fda.cov/BiologicsBlood Vaccines/GuidanceComplianceRegulatoryInformation/Guida
nces/default.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers or email
address listed above.
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Revised Recommendations for Reducing the Risk of Human
Immunodeficiency Virus Transmission by

Blood and Blood Products

Draft Guidance for Industry

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s
or Agency’s) current thinking on this topic. It does not create or confer any rights for or on any
person and does not operate to bind FDA or the public. You can use an alternative approach if |
the approach satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, contact the FDA staff responsible for implementing this
guidance using the contact information on the title page of this guidance.

I INTRODUCTION

This guidance document provides you, blood establishments that collect blood or blood
components, including Source Plasma, with FDA’s revised donor deferral recommendations for
individuals with increased risk for transmitting human immunodeficiency virus (HIV) infection.
We (FDA) are also recommending that you make corresponding revisions to your donor
education materials, donor history questionnaires and accompanying materials, along with
revisions to your donor requalification and product management procedures. This guidance also
incorporates certain other recommendations related to donor education materials and testing
contained in the memorandum to blood establishments entitled, “Revised Recommendations for
the Prevention of Human Immunodeficiency Virus (HIV) Transmission by Blood and Blood
Products,” dated April 23, 1992 (1992 blood memo) (Ref. 1). When finalized, it will supersede
that 1992 blood memo. The recommendations contained in this guidance apply to the collection
of blood and blood components, including Source Plasma.

FDA’s gnidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required. '

II. BACKGROUND

The eniergence of Acquired Immune Deficiency Syndrome (AIDS) in the early 1980s and the
recognition that it could be transmitted by blood and blood products had profound effects on the
United States (U.S.) blood system (Refs. 2, 3, 4). Although initially identified in men who have
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sex with men (MSM) and associated with male-to-male sexual contact, AIDS was soon noted to
be potentially transmitted by transfusion of blood components, and by infusion of clotting factor
concentrates in individuals with hemophilia (Refs. 5, 6). Subsequently, AIDS was also found to
be associated with heterosexual transmission through commercial sex work and with intravenous
drug use (Refs. 7, 8). In 1983, AIDS was reported to be associated with the virus now known as
human immunodeficiency virus (HIV). The historical understanding of HIV transmission at this
point in 1983 informed the first blood donor deferral policy, which at the time was seeking to
reduce the transmission of HIV through blood product transfusion. :

A. History of Efforts to Reduce HIV Transmission by Bloed Products

Beginning in 1983, the FDA issued recommendations for providing donors with
educational material on risk factors for AIDS and for deferring donors with such risk
factors in an effort to prevent transmission of AIDS (later understood to be caused by
HIV) by blood and blood products (Refs. 2, 9, 10, 11). Providing donor education
material and asking at-risk donors not to donate was demonstrated to have a significant
impact on preventing HIV transmission prior to the availability of testing (Ref. 12).
However, thousands of recipients of blood and blood components for transfusion and
recipients of plasma-derived clotting factors became infected with HIV before the
causative virus was identified and the first screening tests for HIV were approved in 1985
(Refs. 2, 4, 10).

Since September 1985, FDA has recommended that blood establishments indefinitely
defer male donors who have had sex with another male, even one time, since 1977, due to
the strong clustering of AIDS illness in the MSM community and the subsequent
discovery of high rates of HIV infection in that population (Ref. 13). On April 23, 1992,
FDA issued the 1992 blood memo, which contains the current recommendations
regarding the deferral for MSM as well as the deferral recommendations for other
persons with behaviors associated with high rates of HIV exposure, namely commercial
sex workers, intravenous drug users, and certain individuals with other risk factors.

The use of donor education material, specific deferral questions, and advances in HIV
donor testing (e.g., HIV antibody assays, p24 antigen assays, and nucleic acid tests
(NAT)) have reduced the risk of HIV transmission from blood transfusion from about 1
in 2500 units prior to HIV testing to a current estimated residual risk of about 1 in 1.47
million transfusions (Refs. 14, 15). The development of pathogen inactivation
procedures for products manufactured from pooled plasma in the 1980s improved the
safety of these products by inactivating lipid-enveloped viruses. No transmissions of
HIV, hepatitis B virus (HBV), or hepatitis C virus (HCV) have been documented through
U.S.-licensed plasma derived products in the past two decades (Ref. 16).

Relating in large part to the development of more sensitive HIV testing methodologies, -

there have been calls in the social and scientific literature to revisit the blood donor
deferral policies that were established about three decades ago, in particular, with regard

2
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to the deferral of MSM. During the period from 1997 to 2010, FDA held a number of
public meetings, including workshops and Blood Product Advisory Committee (BPAC)
meetings to further review evidence and to discuss its blood donor deferral policies to
help prevent the transmission of HIV (Refs. 17, 18, 19, 20). In June 2010, the
Department of Health and Human Services (HHS) brought the issue of deferral of men
who have had sex with another man, even one time, since 1977, for public discussion at a
meeting of the Advisory Committee on Blood Safety and Availability (the Committee).
The Committee heard presentations of curtently available scientific data as well as
comments from the public. The Committee recommended to the HHS Secretary “that the
current MSM deferral policy, while suboptimal, should be retained pending the
completion of targeted research studies that might support a safe alternative policy” (Ref.
21).-

Based on these recommendations, in September 2010, an Interagency Blood, Organ &
Tissue Safety Working Group on MSM (BOTS Working Group), consisting of
representatives from the Centers for Disease Control and Prevention (CDC), Health
Resources and Services Administration (HRSA), National Institutes of Health (NIH),
HHS Office of Civil Rights, Office of the Assistant Secretary for Health (OASH), and

- FDA, was charged by the Assistant Secretary for Health with exploring the feasibility of
a data and science-driven policy change. Subsequently, the BOTS Working Group
designed and implemented one operational assessment and three research studies to gain
more information to help inform a potential policy change. In addition, it considered the
possibility of conducting a pilot study to assess the effect of a policy change. However,
following review of comments received in response to a Federal Register notice titled,
“Request for Information (RFI) on Design of a Pilot Operational Study To Assess
Alternative Blood Donor Deferral Criteria for Men Who Have Had Sex With Other Men
(MSM)” (77 FR 14801, March 13, 2012) (Ref. 22), requesting comment on potential
pilot study designs, as well as further considerations regarding the significant statistical,
financial and logistical challenges-in implementing such a study, the BOTS Working
Group decided that such a pilot study examining the potential effects of a policy change
would not be feasible. Instead, the BOTS Working Group determined that resources at
HHS could be used in more efficient ways to carefully review the studies that had been
initiated (results of which are summarized in section IL.C. below), to complete its review
of the blood donation deferral criteria, and to establish a blood safety monitoring system.

B. Current Risk of HIV Infection Associated with Specific Behaviors

Recent data indicate that commercial sex work (CSW) and injection drug use (IDU) are
behaviors that continue to place individuals both at a relatively high risk of HIV infection
and at a relatively high risk of window period transmission of HIV (Ref. 23) and few data
are available on the HIV risk in individuals who have discontinued CSW and IDU (Ref.
24). Deferral policies for CSW and IDU are also based on risks for transfusion
transmitted infectious diseases, in addition to HIV, that are associated with these

- behaviors (Ref. 25). '
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Together, these findings continue to support an indefinite deferral of individuals currently
or previously involved in CSW and IDU behaviors. Therefore, absent additional data, we
have not proposed a change to current deferral policies for CSW or IDU.

Although MSM represent a small percentage of the U.S. male population (approximately
7% of men report that they have ever participated in MSM activity and approximately 4%
of men report that they engaged in MSM activity in the last 5 years'!) (Ref. 26), they
comprise a large proportion of adults in the United States with existing and newly
diagnosed HIV infections. Among persons living with HIV in 2011, CDC estimates that
57% were MSM (including MSM who were also IDU) (Ref. 27). MSM remainat
increased risk of HIV infection. In 2010, male-to-male sexual contact accounted for 63%
of newly diagnosed HIV infections among adults, and 78% of newly diagnosed HIV
infections in men, indicating that male-to-male sexual contact remains associated with
high risk of HIV exposure (Ref. 28).

C. Recent Data Relevant to the Deferral for MSM

The following results became available by mid-2014, from the operational assessment
and all three of the research studies recommended by the BOTS Working Group.

1. Operational Assessment

The operational assessment examined quarantine release errors. Such errors
occur when a blood establishment accidentally releases a unit of blood that should
not have been released due to issues with donor qualification or testing. It
became clear at an FDA workshop held in September 2011 that HIV risk from
quarantine release errors has been minimized effectively by increased use of
computerized inventory management, with a remaining small risk of human
errors. Following the workshop, a White Paper was produced by AABB on this
topic which describes a number of measures that could be taken to characterize
and prevent such errors (Ref. 29). Quarantine release errors currently appear to
contribute minimally to the risk of HIV transmission through the blood supply
(Ref. 30).

2. Donor History Questionnaire Study

The Donor History Questionnaire (DHQ) Study involved cognitive interviews
with potential donors. After receiving donor education materials, the potential
donors completed the donor history questionnaire, and were then interviewed
regarding their responses (Ref. 31). The key result of this study, which was

* Purcell et al., have reported that the estimation of the MSM population as a percent of all males over 13 years
differ by recall period: Past 1 year = 2.9%; past 5 years = 3.9%; and ever = 6.9%.
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highly consistent for both individuals who only have sex with partners of the
opposite sex and MSM, was that individuals respond to questions posed by the
questionnaire as if they were answering the more general and subjective question
in the self-assessed context of “is my blood safe,” rather than providing an answer
to the literal questions as asked. In addition, the study found that potential donors
might have benefited from shorter donor education materials and the ability to
answer “I don’t know” to questions that currently accept only “yes” or “no”
responses.

3. Retrovirus Epidemiology Donor Study-II (REDS II) Transfusion-Transmitted
Retrovirus and Hepatitis Virus Rates and Risk Factors Study

The REDS-II Transfusion-Transmitted Retrovirus and Hepatitis Virus Rates and
Risk Factors Study 2011-2013 was a pilot blood donor surveillance study that
evaluated four viral markers (HBV, HCV, human T cell lymphotrophic virus
(HTLV), and HIV) in just over 50% of the nation’s blood supply (Ref. 32). It
also determined behavioral risk factors that were associated with donations of
blood that tested positive for one of these viruses compared with control
donations. In addition to demonstrating the feasibility of conducting such a
surveillance program, there were several key findings. These included the finding
that for each of these viral infections, the primary behavioral risk factors were
consistent with the known epidemiology for each infection in the United States
and validated the current blood donor deferral criteria. Sex with an HIV-positive
partner and a history of male-to-male sexual contact remained the two leading
independent risk factors for HIV infection in blood donors as originally observed
in CDC-funded studies from the early 1990°s. Sex with an HIV-positive partner
was associated with a 132-fold increase in risk (multivariate adjusted odds ratio)
for being HIV-positive, and a history of male-to-male sexual contact was
associated with a 62-fold increase in risk. By comparison, the increase in risk for
a history of multiple sexual partners of the opposite sex in the last year was 2.3-
fold. '

4. Recipient Epidemiology and Donor Evaluation Study-IIT (REDS-IIT) Blood
Donation Rules Opinion Study (BloodDROPS)

BloodDROPS examined the opinions of MSM regarding the blood donor deferral
policy (Ref. 33) through web-based surveys of the MSM community and non-
compliant MSM who donated blood. A key finding of particular note was that
MSM, who comprise approximately 7% (Ref. 26) of the U.S. male population
represent an estimated 2.6% of male blood donors. Although the data were
determined by different methodologies, they suggest an increase in the proportion
of blood donors reporting MSM behavior from 0.7% in 1993 and 1.7% in 1998.
The qualitative responses by both donating and non-donating groups of MSM
revealed that these individuals view the current policy as discriminatory and
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stigmatizing, and that some individuals knowingly donate despite the deferral.
When asked about shortening the deferral period, since last male-to-male sexual
contact, the most common response was that one year was “acceptable as a
compromise,” especially if shorter periods might be considered after confirming
the safety of the new policy. The web-based community survey revealed that
approximately 90% of MSM think the MSM blood donation deferxal should
change, and 59% of MSM reported they would comply with a change to a one-
year deferral. Of the 83 blood donors who reported male-to-male sexual contact,
50.6% reported that they would adhere to a one-year deferral and 18.4% reported
“don’t know.” Among the subset of the 30 MSM blood donors who had reported
male-to-male sexual contact in the past year, 19 (62%) reported that they would
adhere to a future one-year deferral and 3 (10%) indicated that they “don’t know”
if they would adhere to a one-year deferral (Ref. 32).

The prevalence of HIV infection in male blood donors who reported that they
were MSM was determined to be 0.25%, which is much lower than the estimated
11-12% HIV prevalence in the population of individuals reporting regular MSM
behavior (Ref. 33). This indicates that considerable self-selection likely took
place in individuals who presented to donate.

5. Supportive Data on Australian MSM Policy Change

Some epidemiologic data are available from countries that have changed their
deferral policy for MSM (Refs. 34, 35). The most robust data measuring the
impact of these policy changes are available from Australia (Ref. 36). Australia
also has a voluntary blood donor system and has a similar percentage of men
reporting male-to-male sexual contact at some time during their lives (5%
compared with 7% in the United States (Ref. 26). During the five years before
and five years after a change from a lifetime deferral to a one-year deferral in
Australia, there was no change in risk to the blood supply, defined by the number
of HIV positive donations per year and the proportion of HIV-positive donors
with male-to-male sex as a risk factor. In addition, the compliance rate with the
one-year MSM deferral among male donors in Australia following the policy
change was >99.7% (Ref. 37). Of note, unlike in the U.S., donors in Australia
must sign a declaration in the presence of blood center staff that they understand
that there are penaities, including fines and imprisonment, for providing false or
misleading information.

Considerations of the BOTS Working Group

Over the course of its delibérations, the BOTS Working Group reviewed and discussed
several different options for the MSM policy:

no change,
change to a five-year defeiral,
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change to a one-year deferral,

change to a deferral less than one year,
pre-testing of potential donors, and

deferral based upon individual risk assessment.

Although not making a change would maintain the current level of safety of the blood
supply, as noted above, there is evidence that the deferral policy is becoming less
effective over time. In addition, the policy is perceived by some as discriminatory. The
data that a five-year deferral would be safer than a one-year deferral are not compelling.
However, some have argued that a five-year deferral would, in theory, add a safeguard by
allowing time for intervention against an emerging infectious disease that might spread
rapidly among MSM and be transmitted through blood transfusion. Sufficient data are
not available to assess the effectiveness of selecting MSM with low HIV risk based on
deferral times of less than one year since last exposure. The individual risk-based options
were not determined to be viable options for a policy change at this time for a number of
reasons: pretesting would be logistically challenging, and would likely also be viewed as
discriminatory by some individuals, and individual risk assessment by trained medical
professionals would be very difficult to validate and implement in our current blood
donor system due to resource constraints. Additionally, the available epidemiologic data
in the published literature do not support the concept that MSM who report mutual
monogamy with a partner or who report routine use of safe sex practices are at low risk -
for HIV. Specifically, the rate of partner infidelity in ostensibly monogamous
heterosexual couples and same-sex male couples is estimated to be about 25%, and
condom use is associated with a 1 to 2% failure rate per episode of anal intercourse (Refs.
38, 39, 40, 41). In addition, the prevalence of HIV infection is significantly higher in
MSM with multiple male partners compared with individuals who have only multiple
opposite sex partners (Ref. 28).

Change to a one-year deferral is also supported by other evidence, including the
experience in countries that have already changed their policies to a one-year deferral

- {Argentina, Australia, Brazil, Hungary, Japan, Sweden and United Kingdom). In
addition, this change would potentially better harmonize the deferral for MSM with the
one-year deferral in place for both men and women who engage in certain other sexual
behaviors associated with an increased risk of HIV exposure (e.g., sex with an HIV-
positive partner, sex with a commercial sex worker). Thus, following careful review, the
BOTS Working Group was supportive of a policy change to a one-year deferral for
MSM.

E. Outcome of HHS and FDA Advisory Committee Meetings

Following deliberation of the BOTS Working Group, two advisory committee meetings
‘were held. The HHS Advisory Committee on Blood and Tissue Safety and Availability
(ACBTSA) met on November 13, 2014, to review the MSM deferral policy (Ref. 33).
The scientific information described in sections I1.C. and D. was presented to the

7

10



Contains Nonbinding Recommendations

Draft — Not for Implementation

ACBTSA members along with the BOTS Working Group recommendation.
Additionally, the meeting included an open public hearing session. The Committee voted
16 to 2 to recommend a policy change to a one-year MSM deferral. It also recommended
that this change be accompanied by establishment of a robust system to monitor the
safety of the blood supply and a communication plan on the policy change targeted to all
stakeholders.

Subsequently, on December 2, 2014, the FDA BPAC met to consider measurement of
HIV incidence in blood donors as an additional method to assess transfusion risk, and the
potential value of laboratory tests to detect recently acquired HIV infections in
seropositive donors as part of a Transfusion Transmissible Infections Monitoring System
(TTIMS) (Ref. 42). An open public hearing was also held. At that meeting, FDA noted
that it intended to establish a general program to monitor the safety of the blood supply in
collaboration with the National Heart, Lung and Blood Institute (NHLBI), which could
monitor for a number of different transfusion-transmitted viral infections. FDA also
noted that it intended to engage in public discussions of issues such as enhancements to
education about the donation of safe blood and further evaluation of the effectiveness of
the blood donor history questionnaire. In their comments, some BPAC committee
members indicated support for a change in MSM deferral policy to one year, and most
members noted that they considered concomitant establishment of a blood donor
monitoring program a prerequisite for any policy change. On the topic of testing for -
recency of HIV infection, several BPAC committee members commented that tests
looking at how recently HIV infection had been (recency tests %) could potentially be very
useful additions to the established measures of incidence for monitoring the safety of the
blood supply.

F. Status of Other Deferral Categories

In addition to the behavioral deferrals noted for MSM, CSW and IDU, the 1992 blood
memo addressed several other deferrals that had been recommended in order to reduce
the risk of BIV transmission through the blood supply (Ref. 1). For most of these
deferrals, directly applicable data are not available at this time to support a change in the
existing deferral policies. In the case of the deferral for persons with hemophilia or
related clotting disorders who have received clotting factor concentrates, the rationale for
deferral has changed from prevention of HIV transmission to that of ensuring that donors
are not harmed by the use of large bore needles used during the donation process. While

2 HIV recency tests typically involve detailed assessment of the strength and characteristics of antibody profiles that
develop and change over time in response to HIV infection. Thus, it appears to be technically feasible thata
serologically-based HIV recency test, once validated in a blood donor setting, could reflect a high likelihood that an
HIV infection occwred within a certain interval of time (e.g., in the past six months). While such tests are not yet
FDA-approved for this purpose, this additional measure of new HIV infection may increase the statistical power to
assess whether HIV incidence in the blood donor pool changed significantly after a change in the deferral
recommendations,

1
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21 CFR 640.3(c)(3) currently requires deferral for receipt of any derivative of human
blood which the FDA has advised is a possible source of viral hepatitis, given the
‘enhanced safety measures now used in the manufacture of clotting factor concentrates
(Ref. 16), FDA does not consider the receipt of FDA-licensed clotting factor concentrates
to be a risk factor for hepatitis. Further, FDA has not recommended a deferral for the
receipt of other FDA-licensed plasma-derivatives because of HIV or hepatitis risk®, and
we intend to consider revisions to the current regulations.

HI. RECOMMENDATIONS

The following sections summarize the revised recommendations related to blood donor deferral
and requalification related to reducing the risk of HIV transmission by blood and blood products.
Given the passage of time, and in order to simplify practical application of these criteria for -
donors and blood collection establishments, reference to “since 19777 present currently for some
criteria has been dropped as the period of time during which individuals are assessed to be at risk
of transmitting HIV.

A. Donor Education Material and Donor History Questionnaire

1. We recommend that donors be provided donor education material before each
donation explaining the risk of HIV transmission by blood and blood
products, certain behaviors associated with the risk of HIV infection, and the
signs and symptoms associated with HIV infection, so that donors can self-
defer. The donor education material should be presented to donors in a
manner they will understand, which may include oral, written, or multimedia
formats. The donor education material should instruct the donor not to donate
when a risk factor for HIV infection or signs or symptoms of HIV infection
are present. The donor education material should indicate that individuals
who have engaged in any activity or who have any risk factor that would
result in a deferral (see section II1.B. of this guidance) should not donate
blood or blood components.

2. We recommend that blood collection establishments update their donor
education material, DHQ, including full-length and abbreviated DHQs, and
accompanying materials (e.g., flow charts) and processes to incorporate the
recommendations provided in this guidance.

3. We recommend that the updated DHQ include the following elements to
assess donors for risk: '

? Consistent with the donor history questionnaires and accompanying materials prepared by AABB and Plasma
Protein Therapeutics Association (PPTA} and found acceptable by FDA, a voluntary donor defetral exists for the
receipt of Hepatitis B Immune Globulin because the donor had been recently exposed to hepatitis B virus.

12
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iii,

iv.

vi.

Vii.

Viii.
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A history ever of a positive* test for HIV,

A history ever of exchanging sex’ for money or drugs,

A history ever of non-prescription injection drug use®,

A history in the past 12 months of sex with a person with a positive
test for HIV, a history of exchanging sex for money or drugs, or a
history of non-prescription injection drug use,

A history in the past 12 months of receiving a transfusion of Whole
Blood or blood components such as packed red blood cells, platelets,
or plasma,

A history in the past 12 months of contact with biood of another
individual through percutaneous inoculation such as a needle stick or
through contact with a donor’s open wound or mucous membranes,

A history in the past 12 months of a tattoo, ear or body piercing,

A history in the past 12 months of syphilis or gonorrhea, or treatment
for syphilis or gonorrhea,

' For male donors: a history in the past 12 months of sex with another

man,

For female donors: a history in the past 12 months of sex with a man
who has had sex with another man.

Note: In the context of the donor history questionnaire, male or female gender is
taken to be self-identified and self-reported. In instances where a donor has
asserted a change in gender identification, medical directors may exercise
discretion with regard to donor eligibility.

* In this context, “positive” includes positive test results on an HIV diagnostic assay and repeatedly reactive or
reactive results on antibody or NAT blocd donor screening assays, respectively.

* Thronghout this guidance the term “sex™ refers to having anal, oral, or vaginal sex, regardless of whether or not a
condom or other protection is used.

8 Non-prescription injection drug use includes not only the injection of non-prescription drugs, but also includes the
improper injection of legally-prescribed drugs, such as injecting a prescription drug intended for oral administration
or injecting a prescription drug that was prescribed for another individual.

10
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B. Donor Deferral

- We recommend that you defer as follows:

1. Defer indefinitely an individual who has ever had a positive test for HIV.

Defer indefinitely an individual who has ever exchanged sex for money or
drugs. o

Defer indefinitely an individual who has ever engaged in non-prescription
injection drug use.

Defer for 12 months from the most recent contact any individual who has a
history of sex with a person who: has ever had a positive test for HIV, ever
exchanged sex for money or drugs, or ever engaged in non-prescription
injection drug use.

Defer for 12 months from the most recent transfusion any individual who has
a history of receiving a transfusion of Whole Blood or blood components.

Defer for 12 months from the most recent exposure, any individual who has a
history of contact with blood of another individual through percutaneous
inoculation such as a needle stick or through contact with a donor’s open
wound or mucous membranes.

Defer for 12 months from the most recent tattoo, ear or body piercing, an
individual who has a history of tattoo, ear or body piercing. However,
individuals who have undergone tattooing within 12 months of donation are
eligible to donate if the tattoo was applied by a state regulated entity with
sterile needles and non-reused ink. Individuals who have undergone ear or
body piercing within 12 months of donation are eligible to donate if the

piercing was done using single-use equipment.

Defer for 12 months after completion of treatment, an individual with a
history of syphilis or gonorrhea, or an individual with a history of diagnosis or
treatment for syphilis or gonorrhea in the past 12 months.

Defer for 12 months from the most recent contact, a man who has had sex

- with another man during the past 12 months.
10.

Defer for 12 months from the most recent contact, a female who has had sex
during the past 12 months with a man who has had sex with another man.

~ We recommend that you defer indefinitely an individual with hemophilia or related
clotting factor deficiencies requiring treatment with clotting factor concentrates for
reasons of donor safety, rather than based upon the risk of HIV infection.

11
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Note: Additional recommendations for donor deferral to reduce the risk of HIV
transmission by blood and blood products have been established in other FDA guidance
documents, including:

*

“Guidance for Industry: Recommendations for Screening, Testing, and
Management of Blood Donors and Blood and Blood Components Based on
Screening Tests for Syphilis,” dated September 2014;

“Guidance for Industry - Recommendations for Management of Donors at
Increased Risk for Human Immunodeficiency Virus Type I (HIV-1) Group O
Infection,” dated August 2009; and,

“Memorandum to All Registered Blood Establishments - Recommendations
for the Deferral of Current and Recent Inmates of Correctional Institutions as
Donors of Whole Blood, Blood Components, Source Leukocytes and Source
Plasma,” dated June 8, 1995,

Note: Collections from donors at risk of HIV infection must be approved by CBER
consistent with the “Guideline for Collection of Blood or Blood Products from Donors
with Positive Tests for Infectious Disease Markers (“ngh Risk” Donors),” dated
September 1989.

C. Donor Requalification

1.

Donors deferred because of a history of sex during the past 12 months with
any of the following individuals: a person who has a positive test for HIV; a
person with a history of exchanging sex for money or drugs; or a person with
a history of non-prescription injection drug use, may be eligible to donate
provided that 12 months since the last contact have passed and they meet all
other donor eligibility criteria. '

Donors deferred because of a history of receiving a transfusion of Whole
Blood or blood components such as packed red blood cells, platelets, or
plasma during the past 12 months may be eligible to donate if 12 months have
passed since their last transfusion and they meet all other donor eligibility
criteria.

Donors deferred because of a history of contact with blood of another
individual through percutaneous inoculation such as a needle stick or through
contact with a donor’s open wound or mucous membranes during the past 12
months may be eligible to donate if 12 months have passed since their last
exposure and they meet all other donor eligibility criteria.

Donors deferred because of a history of tattoo, ear or body piercing in the past
12 months may be eligible to donate if 12 months have passed since their last
tattoo, ear or body piercing and they meet all other donor eligibility criteria.

12
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5. Donors deferred because of a history of syphilis or gonorrhea, or treatment for
syphilis or gonorrhea in the past 12 months may be eligible to donate if 12
months have passed since diagnosis and completion of treatment and they
meet all other donor eligibility criteria.

6. Male donors previously deferred because of a history of sex with another man,
even one time, since 1977, may be eligible to donate provided that they have
not had sex with another man during the past 12 months and they meet all
other donor eligibility criteria

7. Male donors deferred because of a history of sex with another man in the past
12 months may be eligible to donate provided they have not had sex with
another man during the past 12 months and they meet all other donor

.eligibility criteria. ‘

8. Female donors deferred because of a history of sex in the past 12 months with
a man who has had sex with another man may be eligible to donate. provided
that during the past 12 months they have not had sex with a man who has had
sex with another man and they meet all other donor eligibility criteria.

D. Product Retrieval and Quarantine; Notification of Consignees of Blood and
Blood Components :

If you collected blood or blood components from a donor who tests reactive for HIV on
that donation, or when you are made aware of other reliable test results or information
indicating evidence of HIV infection, you must follow the HIV “lookback” requirements
in 21 CFR 610.46.

In addition, we recommend that you take the following actions if you determine that
blood or blood components have been collected from a donor who should have been
deferred according to the recommendations in section IIL.B. 2-10 of this guidance, for
reasons other than a positive HIV test result.

1. If you collected blood or blood components from a donor who should have
been deferred according to the recommendations in section IILB. of this
guidance, we recommend that you quarantine and destroy any undistributed
in-date blood or blood components collected from that donor.

2. If you distributed blood or blood components collected from a donor who
should have been deferred according to the recommendations in section II1.B.
of this guidance, we recommend that you notify consignees of all blood and
blood components. We recommend that the consignee retrieve and quarantine
the in-date blood and blood components collected from that donor. We do not
recommend retrieval and quarantine of plasma pooled for further

13
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manufacturing into products that are manufactured under processes that

include validated viral clearance steps, which have been shown to be robust in
the clearance of lipid-enveloped viruses.

E. Product Disposition and Labeling
1. We recommend that you destroy or re-label blood or blood components that
were collected from a donor who should have been deferred based on risk
factors for HIV infection in accordance with the recommendations in section
II1.B. of this guidance. If you re-label the blood or blood components as
described in this section, they may be released for research or for manufacture

into noninjectable products or in vitro diagnostic reagents when no other
suitable sources are available.

a. You must use the following statement to prominently re-label the blood or
blood components originally collected for transfusion in accordance with
21 CFR 606.121(f):

“NOT FOR TRANSFUSION: Collected From a Donor Determined
To Be At Risk For Infection With HIV”

In addition, you should include one of the following cautionary label
statements, as applicable:

“Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into In Vitro Diagnostic
Reagents For Which There Are No Alternative Sources”

or
“Caution: For Use in Manufacturing Noninjectable Products Only”
And, for recovered plasma’:

“Not for Use in Products Subject to License Under Section 351 of the
Public Health Service Act”

7 8ee FDA Compliance Policy Guide Sec 230.100 for the definition of recovered plasma.
http:/fwww.fda.gov/ICECI/ComplianceManuals/CompliancePolicyGuidanceManual/ucm073861 .htm
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b. You should use the following statements to prominenﬂy re-label the un-
pooled blood or blood components originally collected or intended for

further manufacture:

“Collected from a Donor Determined to be at Risk for Infection with
HIVH

And
“Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into In Vitro Diagnostic
Reagents For Which There Are No Alternative Sources”

or
“Caution: For Use in Manufacturing Noninjectable Products Only”
And, for recovered plasma:

“Not for Use in Products Subject to Llcense Under Section 351 of the
Public Health Service Act”

. You must destroy or re-label blood or blood components, including Source
Plasma, collected from a donor who currently tests reactive for HIV or
collected from a donor deferred for reactive HIV testing (21 CFR 610.40(h)).
If you re-label the blooed or blood components, including Source Plasma, in
accordance with 21 CFR 610.40(h) and 606.121, the blood or blood
components may be released for research or for manufacture into
noninjectable products or in vitro diagnostic reagents when no other suitable
sources are available. You must label the reactive unit with the
“BIOHAZARD” legend (21 CFR 610.40(h)(2)(ii)(B)), and:

a. You must use the following statement to prominently re-label the blood or
blood components originally collected for transfusion
(21 CFR 606.121(f)):

“NOT FOR TRANSFUSION: Collected From a Donor Determined
To Be Reactive for HIV”

In addition, you should use one of the following cautionary label
statements, as applicable:

15
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“Caution: For Laboratory Research Only”

or

“Caution: For Further Manufacturing into In Vitro Diagnostic
Reagents For Which There Are No Alternative Sources”

or

“Caution: For Further Manufacturing Use as a Component of a
Medical Device For Which There Are No Alternative Sources”

b. You must use the following statement to prominently re-label the un-
pooled blood or blood components, including Source Plasma, 01'1g1na11y
collected or intended for further manufacture
(21 CFR 610.40(h)(2)(i))(C)):

“Collected from é Donor Determined to be Reactive for Infection with
HIV”

In addition, you should use one of the following cautionary label statements,
as applicable:

“Caution: For Laboratory Research Only”
or

“Caution: For Further Manufacturing into In Vitro Diagnostic
Reagents For Which There Are No Alternative Sources”

or

“Caution: For Further Manufacturing Use as a Component of a
Meqlical Device For Which There Are No Alternative Sources”

F. Biological Product Deviation Reporting

If you have distributed blood or blood components for transfusion or for further
manufacturing, collected from a donor who should have been deferred according to
section III.B. of this gnidance, you should report a biological product deviation as soon as
possible, but you must report within 45 calendar days from the date you acquire the
information reasonably suggesting that a reportable event has occurred

- (21 CFR 606.171).
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G. Testing Requirements and Considerations

Section 610.40(a) (21 CFR 610.40(a)) requires establishments that collect blood or blood
components to test each donation intended for use in preparing a product, for evidence of
infection due to HIV type 1 (HIV-1) and HIV type 2 (HIV-2). In addition,

21 CFR 610.40(b) requires you to use one or more approved screening test as necessary
to reduce adequately and appropriately the risk of transmission of HIV-1 and HIV-2.
FDA has considered the use of approved donor screening tests for antibodies to both
HIV-1 and HIV-2 as necessary to reduce adequately and appropriately the risk of
transmission of HIV. In addition, FDA recommendations on the use of approved HIV-1
nucleic acid donor screening tests to meet the requirements under 21 CFR 610.40(b) are
found in, “Guidance for Industry: Use of Nucleic Acid Tests on Pooled and Individual
Samples from Donors of Whole Blood and Blood Components (including Source Plasma
and Source Leukocytes) to Adequately and Appropriately Reduce the Risk of
Transmission of HIV-1 and HCV,” dated October 2004,

You must defer a donor who tests reactive by a donor-screening test for HIV-1 or HIV-2
(21 CFR 610.41), you must perform a supplemental (additional, more specific) test on
donations that test reactive on a screening test (21 CFR 610.40(g)), and you must make
reasonable attempts to notify a donor who has been deferred based on the results of tests
for communicable diseases (21 CFR 630.6). Where appropriate, donors who are deferred
because of reactive test results should be provided information about the need for medical
folow-up and counseling. .

Current FDA recommendations are found in “Guidance for Industry: Nucleic Acid
Testing (NAT) for Human Immunodeficiency Virus Type 1 (HIV-1) and Hepatitis C
Virus (HCV): Testing, Product Disposition, and Donor Deferral and Reentry, dated May
2010.” In addition, for the purpose of donor counseling, if a donation tests repeatedly
reactive for antibodies to HIV-1/HIV-2 or for HIV-2 on an approved donor screening
test, but HIV-1 positivity is not confirmed on an approved supplemental test, further
testing may be performed using licensed or approved tests to diagnose HIV-2 infection
and clarify the donor’s infection status.

IMPLEMENTATION

You may implement the recommendations once you have revised your donor education material,
DHQ, including full-length and abbreviated DHQs, and accompanying materials to reflect the
new donor deferral recommendations. Licensed blood establishments must report the indicated
revisions to FDA in the following manner (21 CFR 601.12):
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1. Revision of your donor education materials, DHQ and accompanying materials must
be submitted to FDA as a prior approval supplement (PAS) under 21 CFR 601.12(b).
Revision of a previously FDA accepted DHQ and accompanying materials must be
reported as a major change if you are revising the FDA accepted DHQ and

. accompanying materials to implement these new recommendations. Report such a
change to FDA as a prior approval supplement (PAS) under 21 CFR 601.12(b).

2. Ifthe current version of the donor educational materials, DHQ and accompanying
materials prepared by the AABB Donor History Task Force or PPTA are revised to
contain the recommendations in this guidance and are found acceptable by FDA, we
would consider the implementation of the donor education materials, DHQ and
accompanying materials to be minor changes, if implemented without modification
and in their entirety as a complete process for administering questions to donors.
Report such a change to FDA in your annual report under 21 CFR 601.12(d), noting
the date the process was implemented.
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T Case reports

First reported case of transfusion-transmitted
Ross River virus infection

We describe the first documented case of Ross River virus (RRV) infection transmitted by blood
transfuslon. The recipient had a clinically compatible illness, and RRV infection was confirmed by
serological tests. The implicated donation was DOSIt!VE for RRV RNA. We discuss therisk to blood

reciplents and the implications for blood donation in Australia.
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Clinical record

In May 2014, the Australian Red Cross Blood Service (the
Blood Service) in Western Australia received a delayed
notification from a donor who had developed fatigue
and arthralgia 2 days after giving blood in March 2014
and was subsequently diagnosed with acute Ross River
virus (RRV} infection (Box).

PathWest Laboratory Medicine WA detected RRV IgM
antibodies using an inhouse indirect immunofluores-
cence antibody (IFA) test, but no RRV antibodies were
detected using an inhouse haemagglutination inhibition
(HI) antibody test 10 days after blood donation. RRV
IgM antibodies are detected by IFA testing within a few
days of onset of illness and routinely persist for several
weeks or, occasionally, months or years. IFA tests are less
prone to false-positive results compared with enzyme
immunoassays. The HI antibody test primarily detects
IgG antibodies, which appear within several weeks but
after the IgM response.

Blood Service procedure stipulates that donors with
a diagnosed RRV infection are unable to donate fresh
components for 4 weeks after recovery. Moreover, fresh
components donated from 4 weeks before illness onset
to 4 weeks after recovery must be recalled.

The components from the implicated donation were

identified: the red blood cell (RBC) component had been J

transfused to a patient on 12 March 2014, the plasma
had been pooled for the manufacture of plasma-derived
products and the platelet component had not been used.
The treating clinician of the RBC recipient was notified
as part of the recall procedure.

The recipient was having regular blood transfusions due
to myelodysplastic syndrome that was associated with

chronic fatigue and joint pains. The recipient reported a
worsening of symptoms in the months after transfusion of
the infected blood; however, there was not a clear exacer-
bation of thése symptoms consistent with the incubation
period of RRV.

“the Blood Service is taking steps to
strengthen its messaging to donors regarding
development of post-donation illnésses”

On notification from the Blood Service, the recipient’s
treating clinician requested serological testing for RRV
on 28 May 2014, which found detectable IgM antibodies
using the IFA assay and a high titre of antibodies by HI
testing {antibody titre, >1:640). The detection of both
IgM and HI antibodies indicates RRV infection in recent
months. Previous testing for RRV IgM and HI antibodies
in 2006 and August 2013 had been negative. Subsequent
inhouse reverse transcriptase polymerase chain reaction
(RT-PCR) analysis for RRV RNA performed on stored
serum from 28 May gave a negative result. These results
are consistent with RRV illness several months before 28
May, with resolution of the transient viraemic phase. No
samples from the recipient in March 2014 were available
for serclogical or PCR testing.

In response to this possible case of transfusion-trans-
mitted RRY, the associated archived donor sample was
retrieved and sent to the Victorian Infectious Diseases
Reference Laboratory for RRV serological tests and
RT-PCR analysis. This sample tested negative for RRV
IgM and IgG but RRV RNA was detected by two inhouse
RT-PCR tests and verified by sequencing. These results
are consistent with the blood donation being collected

Timeline of major events related 1o the case of Ross River virus (RRV) transfusion transmission, 2014

Doror gave 3

whote blocd % Red cells transfused Blood Service notified by | " Blood Serviceinitiates

donation ¥, toreciplent donor of RRV infection . review of case of possible

E transmission
T T T T T T T T T 1
March April May June July August

Donor : .
developed ) " Recipient reported Boner's sample archive
symptomatic ] ['; Doner tested positive for Productrecall Y positive for RRV reported positive for ;

RRV infection i : RRV {szrological testing) initiated § (serclogical testing) * RRV (PCR analysis)
PCR = polymerase chair reaction. 4
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during the pre-seroconversion but transient viraemic
phase of RRV illness.

Discussion

Since the isolation of RRV from humans was first repérted
in 1972} our understanding of the epidemioclogy of the
disease has increased considerably. RRV is now known to
be the most common mosquito-borne disease of humans
in Australia,® and is endemic in several regions. An aver-
age of around 5000 cases of RRV disease are notified an-
nually in Australia, with considerable yearly, seasonal and
regional variability due to differences in environmental
conditions that affect the mosquito vectors and native
animal hosts of the virus.? The incubation period aver-
ages 7 to 9 days with a range of 2 to 21 days.? Symptoms
of RRV most commonly include joint manifestations,
which are usually symmetrical and acute in onset, with
rash and fever being less common.? As many as 55% to
75% of RRV infections are asymptomatic.®

Arboviruses such as dengue viruses and West Nile virus
are known to be transfusion transmissible, and the poten-
tial of RRV to be transfusion transmissible was raised in
this Journal in 1995.%

Although not previously documented, transfusion trans-
mission of RRV has been considered theoretically pos-
sible, given a likely period of asymptomatic viraemia
before the onset of symptoms.*® This risk is supported
by the observation of asymptomatic viraemia typically
lasting 5 days after RRV infection in a mouse model.’
On the assumption that transfused blood could transmit
RRV, this study estimated the risk of RRV transfusion
transmission during a 2004 outbreak in Cairns as one
in 13542 donations. This risk was of the same order of
magnitude as that estimated for dengue virus transmmis-
sion by transfusion during a contemporaneous dengue
fever outbreak in Cairns.?

The donor we describe developed an illness clinically
compatible with RRV infection 2 days after donating
blood and was shown to have a serological profile con-
sistent with acute RRV infection 10 days after donating.
The donated blood was subsequently shown fo contain
RRV RNA by two inhouse RT-PCR tests, and this was
confirmed by sequencing.

While the exacerbation of the chronically ill recipient’s
fatigue and muscle and joint pains was not clearly con-
sistent with the incubation period of RRY subsequent to
the transfusion, the results of RRV serological tests per-
formed about 2 months after transfusion were consistent
with infection within this 2-month period. Unfertunately,
there were no stored blood specimens collected from the
recipient shortly after receiving the blood deonation, and
hence it was not possible to compare sequences with the
donor virus to confirm transmission.

Surveillance by the WA Department of Health showed
that the recipient was the only person for whom RRV
infection was reported between 1 July 2013 and 30
June 2014 from the local government area in which she
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resided. The recipient also spent most of her time indoors
and could not recall being bitten by mosquitoes. Taken
together, these lines of evidence strongly support the
likelihood that the recipient’s RRV infection was trans-
mitted by transfusion. Thus, this is the first report of
transfusion-transmitted RRV.

Laboratory testing for RRV is not done for Australian
blood donors during the donation process, and there is
no validated blood screening test for RRV. To manage the
risk of transfusion transmission, the Blood Service does
not permit donors with symptoms compatible with RRV
to donate until they are fully recovered. However, given
that most RRV infections are asymptomatic and virae-
mia is present during the incubation period, excluding
donors based on symptoms will not prevent all potentially
infectious donations entering the blood supply. Provided
infected donors report subsequent illness immediately to
the Blood Service, the recall process should prevent the
proportion of donations from symptomatic RRV infectec
doners from being used, Unfortunately, in this cast,
where notification was delayed for 2 menths, the blood
component had already been transfused. In response to
this, the Blood Service is taking steps to strengthen its
messaging to donors regardmg development of post-
donation illnesses.

In 2012, the Blood Service established a sample archive
of every blood donation to meet regulatory standards
and assist in investigation and lookback (tracing and
notifying patients who may have received infected blood
components and investigating donations and donors
when a patient has a suspected transfusion-transmissible
infection). This archive provides the ability to perform
further testing on samples from past donations, as in
this case, providing data on the actual risk associated
with transfused donations from implicated donors and
for investigations where an infection is reported ina
recipient.

Transfusion transmission of RRV no longer appears to
be only a theoretical risk. However, with about 5000
mosquito-related RRV notifications per year, transfu
sion transmission of RRV — or the related Barmah Forest
virus, which has a lower incidence — is likely to remain a
rare event, Any actions taken to prevent infected compo-
nents entering the blood supply need to take into account
the cost, the impact on supply and the severity of the
infection in recipients. Laboratory screening is not a fea-
sible option, given that RRV nucleic acid testing is not
validated for blood donation screening or available for the
large-scale nucleic acid detection equipment used by the
Blood Service. In addition, the cost of individual testing is
unlikely tobe cost-effective and, although RRV can cause
debilitating symptoms in some patients, most infections
are either asymptomatic or mild and self-limiting.*

Identifying donors who are at risk of exposure and
temporarily excluding them from donating fresh blood
components in areas and times of RRV outbreaks is one
potential risk-mitigation option. When this strategy was
applied to dengue fever, it was estimated to cost the Blood
Service around $1.0-$3.8 million® However, irrespective
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of the financial cost, this option is unlikely to be feasible,
since RRV is.endemic in many parts of Australia and
such restrictions might have a critical impact on supply.
Pathogen reduction technology (PRT) is an alternative
risk-management option that would not have an impact
on supply. The Blood Service is investigating the effec-
tiveness of PRY for the prevention of arboviral transfu-
sion transmission, including RRV, but further research
is needed.®

The Australian blood supply is one of the safest in the
world with respect to transfusion-transmitted infections.
Yet, itis important to remember that blood transfusion is
not without risk and should only be undertaken when the
efficacy of the transfusion and improved clinical outcome
outweigh the risks.!t
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DONOR INFECTIOUS DISEASE TESTING

Residual risk and retrospective analysis of
transfusion-transmitted bacterial infection reported by the
French National Hemovigilance Network from 2000 to 2008

Bruno Lafeuillade, Francois Eb, Nadm Ounnoughene, Rachel Petermann, Gérald Daurat,
Gérard Huyghe, Mai-Phuong Vo Mai, Cyril Caldani, Danielle Rebibo, and Pierre Weinbreck

BACKGROUND: Regarding blood safety, transfusion-
transmitted bacterial infection (TTBI) remains the most
frequent infectious risk. The incidence of these epi-
sodes needs to be assessed and updated frequently to
accurately manage this risk.
STURDY DESIGN AND METHODS: TTBIs were
reported by the French network of local correspendents
in each hospital and blood center. The regional coordi-
nator managed the investigation. A multidisciplinary
expert group from the French National Agency of
Medicine and Health Products Safety (ANSM) analyzed
each TTB) according to a standardized scale of imput-
ability and severity. Only cases with Hikely or certain
imputability are reported in this study.
RESULTS: In France, 18.0 x 10° red blood cell {RBC)
products, 1.94 x 108 platelet concentrates (PCs), and
2.44 % 10® fresh-frozen plasma units were transfused
throughout 2000 to 2008. The incidence of TTBI was
2.45, 24.7, and 0.39 per million blood components
(BCs), PCs, and RBCs, respectively. For PCs, the inci-
dences of severe (vital threat or death) and fatal TTBI

" were 13.4 and 5.14 per million, respectively, PCs were
responsible for 87% of TTBIs. A total of 66.7% of the
implicated bacteria were Gram positive, most of them
belonging to the normal skin flora. A total of 33.3% of
the other implicated bacteria were Gram negative.
CONCLUSION: The French hemovigilance system pro-
vides an accurate estimate of the TTBI incidence during
a period with diversion and improving skin disinfection
but without bacterial detection screening. This tool
would be able to evaluate further additional safety pro-
cedures like bacterial screening and pathogen reduction
technology.
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ransfusion-transmitted  bacterial  infection

(TTBI} remains one of the major complications

of blood transfusion due to its potential severity

and lethal threat. It {s the most common infec-
tious complication in transfusion.’?

Irrespective of the preventive actions to consider, an
accurate estimate of the incidence of TTBI is required to
compare the incidence between the different studies per-
formed. It is also necessary to estimate the efficacy of spe-

.cific measures undertaken for their prevention. Reporting

systems are essential to measure incidence in compiling
scarce events, However, such organizations are heteroge-
neous-among different couniries.?

The French Hemovigilance Network was set up in
1994 to proceed toward an exhaustive declaration of any
adverse event (AE) occurring in a recipient during or after
the transfusion of a blood component (BC).* This network
relies on local, regional, and national participants, allow-
ing a standardized and stable reporting.®

ABBREVIATIONS: AE(s) = adverse event(s); ANSM = French
National Agency of Medicine and Health Products Safety;
APC(s) = apheresis platelet concentrate(s); BC{s) = blood
component(s); EES = French Blood Establishment;

PC(s) = platelet concentrate(s);. PPC(s) = pooled platelet
concentrate(s); TTBI(s) = transfusion-transmitted bacterial
infection(s); WB = whole blood.
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In this work, we describe the TTBI reporting systemin
France, the data compilation, and the validation proce-
dures from 2000 to 2008 regarding the transfusion of a
total of 18 million red blood cell (RBC) products, 1.94
million platelet concentrates (PCs), and 2.4 million units
of fresh-frozen plasma (FFP). From a retrospective analy-
sis of the TTBI with a likely or certain imputability, we
report the incidence of TTBIs, their severity, the type of
BCs concerned, and bacteria involved,

MATERIALS AND METHODS

Preparation of phlebotomy

The phlebotomy site during this period was prepared
according to a two-stage procedure according to the
French Blood Establishment (EFS} hygiene guidelines.®
The site was first scrubbed with an antiseptic. Second,
application of an antiseptic agent was performed. The
procedure differs from center to center for the choice of
the antiseptic agent. In most cases, the same antiseptic
agent was used for the two-stage. For apheresis collection,
either the two-stage or the four-stage method was used
depending on the center.

Manufacfuring procedure

Leukoreduction was introduced in France in April 1998
and thus covers all the survey period. Diversion of the 30
to 40 mL was fully applied to whole blood (WB) donation
since September 2000 and was done for the majority of
plateletpheresis procedures as early as 2001. It was then
fully applied for any apheresis donation by the heginning
of 2004. PCs were manufaciured either by apheresis col-
lection (APCs) for 80% of PC or by buffy coat method from
WE {pooled PCs [PPCs]} for 20% of PC.

EBriefly, after collection, the WB was stored between 2
and 20 hours before processing. When WB was collected
from the bottom-and-top pack for buffy coat preparation,
RBCs, FFE and buffy coat were separated by centrifuga-
tion, and RBCs and plasma were then leukoreduced. Five
buffy coats were pooled and subjected to a slow centrifu-
gation to separate PC, which was then leukoreduced via
filtration. In other cases, WB was leukoreduced by filtra-
tion before centrifugation to separate RBCs and FFR

Between 2005 and 2008, APCs were collected and
leukoreduced using Trima Accel (TA; Gambro BCT, Lake-
wood, CO) blood cell separator for more than 50%, and
MCS+ (Haemonetics, Braintree, MA) and Amicus (AM;
Baxter Transfusion Therapies, Deerfield, IL) blood cell
separators for the remaining. Between 2000 and 2004, col-
lection of apheresis platelets (PLTs) was marked by the
modernization of apheresis devices, with replacement of
Spectra by Trima for Gambro BCT, ACS 3000 by Amicus for
Baxter, and MCP 2p and 3p by MCS+ for Haemonetics.
Moreover, the proportion of collections performed on the
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Haemonetics separator decreased from approximately
55% to 25% in favor of the Trima separator (30 to 55%) and
the proportion of collection performed on the Amicus
separator increased slightly from 15% to 20%.

Each APC was transfused either as one single thera-
peutic dose or divided into two doses during the manu-
facturing process. The allowed storage time for PCs and
RBCs with SAG-M were 5 and 42 days, respectively.

AE reporting system in France over the
petiod analyzed

The reporting of AEs is compulsory for all health provid-
ers. A standard AE reporting form was created to harmo-
nize and facilitate the reporting. The AE declaration
procedures are specified in regulatory texts.” Each AE is
classified according to the diagnostic orientation, severity
grade, and imputability to transfusion. The severity before
2010 was scored on a scale of 1 to 4 and defined as follows:
1="absence of vital threat or long-term threat” 2=
“long-term morbidity,” 3 = “immediate vital threat,” arid
4 ="death.” In practice, Grade 2 is used for transfusion-
transmitted viral infection and RBC alloimmunization.
The imputability, that is, the causal relationship of blood
transfusion in the occurrence of AE, was scored on a scale
of 0 to 4 defined as follows: 0 = “excluded,” 1 = "doubtful,”
2 = “possible,” 3 = “likely,” and 4 = "unquestionable,”

The hemovigilance system is organized in a network
structured over three levels fo guarantee the coverage of
the entire territory (Fig. 1):

-+ The local level composed of hemovigilance corre-

spondents, doctors, or pharmacists located in each
health care settings (1500 hospitals or clinics) and
in each 150 blood transfusion centers of EFS, in
charge of the report of AEs and of carrying out local
investigations.

¢  The regional level compesed of 30 medical regional
hemovigilance coordinators assigned to the directors
of the Regional Health Agencies and 18 regional
hemovigilance correspondents (doctors or pharma-
cists) of the regional EFS, in charge of monitoring the
quality and reliability of the information.

+ The national level including the French National
Agency of Medicine and Health Products Safety
(ex-Afssaps, now ANSM), the EFS, and the Centre de
Transfusion Sanguine des Armeées, in charge of the
investigations concerning the bacterial infection
reporting. In some cases, additional information or
studies may be requested from all the network
members concerned by a AE.

In 1996, a cornptiter tool facilitating the exchanges
between the different actors was set up (Gifit); it
was replaced in 2004 by a data electronic filing system
{e-fit). :
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+—— 2000-2003 Gifit > «* 2004-2007 e-fit —_—
Suspected TTBI : Suspected TTBI
_ Report of AE by the hemovigilance Report of AE by the hemovigilance W
L correspondent (HC) of the HaCs . correspondent (HC) of the HaCs
O
¢ v
A v ;
L Declaration and joint entry of AEF by the
Joint declaration on paper form (Fit)2 by the HaCS HC and BTCIHC in the “e-ﬁt”
the HaCS HC and BTCIHC base =l /
i ' et .
R Compuier data entry - Additional entry and “e-fit” by referring \
E —t In regional Gifit database RHC and REFS HC
G and validation by REFS HC o
! |
0 pm
N v ' e-ﬁt
A
L Transmission to national Gifit database Verification of data on “e-fit” (verification of R
coherence) and regional coordination of
\ = investigation by RHC B / .
: ' | g e-fit l
Afssaps/ EFS national evaluation Afssaps national evaluation of data from
: . ) “e-fit"” database =
LQ e-fit
¥ Y
Additional information request, if Exchange of additional information with -————E efit
N necessary : EFS/CTSA via “e-fit” (forum ) E
A ‘
T l@s e=fit
I  aa———— 1
o) Analysis and additional information Analysis and additional information
N request, if necessary, for suspected request, if necessary, for suspected 2|5
A ' TTBI cases by the expert group TTBI cases by the expert group o Jef
L (document download)
Validation of declarations of
suspected TTBI cases by the
expert group

Consolidation of e-fit data
= /

Fig. 1. Reporting and analysis procedures. Afssaps = French National Agency of Medicine and Health Products Safety; AEF = adverse
event form; BTG = blood transfusion center; BICIHC = BTG local hemovigilance correspondent; Gifit = transfusion incident report
electronic data management; HaCs = hospital and clinics; HC = hemovigilance correspondent; REFS = Regional French Blood
Establishment; RHC = regional hemovigilance coordinator.
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Selection of cases for retrospective analysis

The reported cases that occuired beiween January
1, 2000, and Decernber 31, 2008, were extracted from the
national hemovigilance database e-fit according to the
following criteria: AE diagnosed as a bacterial infection
with a likely or certain imputability. Sixty-seven cases were
extracted from the database according to this request.
Among these cases, eight were excluded owing to insuffi-
cient data for subsequent analysis, three were reclassified
as possible, and one case was reclassified as doubtful. The
cases with Imputability 2 were exiracted from the data-
base and rechecked: no Imputability 2 case was reclassi-

fied as Imputability 3.2 Finally, 55 cases were retained for
analysis.

Bacteriologic explorations

Bacteriologic analysis

Owing to the difficulties in the performance and interpre-
tation of the bacteriologic examinations revealed by a
national survey, starting in 2005, the bactericlogic analy-
ses were pexformed by approved laboratories after valida-
tion of the bacteria detection method according to a
Ministry of Health circular dated December 15, 2003.°

Bacteriologic methods
The choice of the bacteriologic techniques was left to the
initiative of each laboratory but the general procedures for
blood culture were as follows. One aerobic and one
anaerobic blood culture bottle were incubated at 37°C and
kept for 10 days. At the same time, 2 % 0.1 mL of BCs were
inoculated on two blood agar plates incubated for 37°C 2
days under aerobic conditions and for 37°C 5 days under
' anaerobic conditions, a different incubation time due to
lower bacterial growth of anaerobic bacteria. If the BC was
completely transfused, the bag would be rinsed with
20 mL of sterile saline and the same medium was inocu-
lated as above, )

Strains belonging to the same species and isolated
from BCs, recipient blood cultures, and any sample of
interest were analyzed phenotypically and genotypedina
certified laboratory or national reference center. The clus-
ters of identical strains were left stored at ~-80°C at the
ANSM Agency.

TTBI diagnostic criteria

Clinical criteria

The clinical criteria suggestive of TTBI were the following:

temperature above 39°C or increase in temperature above
2°C occurring within 2 hours after the start of the transfu-
sion associated with 1) at least two of the following
symptoms—rigors, ' tachycardia > 120 beats/min or
change greater than 40 from pretransfusion values,
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decrease of blood pressure by 30 mmHg, abdominal pain,
or diarrhea; or 2) a major clinical sign—signs of shack or
serious biologic signs including coagulation disorder and
renal failure. However, subclinical forms did not exclude a
TTBI diagnosis.

Microbiologic criteria

A positive BC and recipient blood culture with the same
bacteria was the essential diagnostic criterion. A similar
strain genotype allowed diagnosis of TTBIL. When blood
cultures were negative, especially in a patient under anti-
biotic treatment, the diagnosis was based on a set of argu-
ments as clinical datd, microbiologic results from other
biological samples or microscopic direct examination of
BC. This last criterion, when positive, was an important
element for establishing the link between clinical symp-
tomatology and bacterial contamination.

Imputability analysis grid

Due to the observed difficulties to establish the transfu-
sion origin of a bacterial infection in the past, the experts
drew up an analysis grid (Table 1} to help the members of
the network to determine the imputability. Furthermore,
the use of this grid allowed a standardization of this
analysis.

Analysis of TTBIl episodes by the national

expert group

Since 2000, aiming to decrease the variability of data con-
cerning TTBI, a multidisciplinary expert group was set up
1o analyze all the declared cases of suspected TTBL It was
composed of an infectious disease specialist, two micro-
biologists, a hospital or clinic hemovigilance correspon-
dent, a regional hemovigilance coordinator, EES
representatives, and ANSM representatives. One of the
missions of this group was to verify the quality of the data,
to control and to validate the analysis carried out by the
correspondents, and to request additional studies if nec-
essary. This group also ruled on more complex cases in
terms of diagnosis.

Statistical analysis

Calculation of incidence is as follows: number of TTBIs
divided by issued BCs. In France, more than 399.5% of BCs
issued were transfused, so figures are very similar. The
statistical analysis was performed with computer software
(SAS, Version 9.2, SAS Institute, Chicago, IL) using the fol-
lowing procedures: PROC MEANS and PROC FREQ (cal-
culation of frequencies), PROC TTEST (comparison of
incidences, t test, and p value).

RESULTS

Cases reported

Fifty-five cases were identified for the 9-year period. The
sex ratio was 1.2 {30 males and 25 females) and the mean
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TABLE 1. Imputabllity analysis grid
Clinical signs Microbiclogy resuits* )
compatible with Blood Genotyping Final diagnosis Imputability of

Case a TTBI diagnosis BC culiures cultures of sfraing crientation transfusion

1 Suggestive Pos Pos Yes and genoiype Bacterial infection 4
clinical identification (TTBL
signst of strains

2 Pos Pos Genotype comparison . Bacterial infection DE% pos: 3

not performad (TTBI) DE? neg or ND:

1 to 3 {according fo
clinical examination
and sealed tubing
attached BC result)

3 Pos§ Neg§ (ATB.T?)  Not applicable Bacterial intection 1 to 3 (according io

(TTBI) clinical examination,
DE% and sealed
tuhing attached BC
result)

4 Subclinical signs ~ Pos§ Neg Not applicable TTBI or other diagnosis  DE%} pes: according fo
and/for existing and “soiling” expert opinions
infection (according 1o sealed DEZ neg or NO: cther

tubing attached BC diagnosis
and DE result)

4 big Pos Pos Yes, if DE pos TTBL or retrograde DE} pes: 210 3

contamination argued  DE$ neg or ND:
{patieni moved, accoiding to expert
pretransfuston blood opinions
cultures pos, efc.)
5 Yes Neg Neg ot Not applicable Other diagnosis Imputability O
. pes

<] Yes Does not comply  Pos Mot applicable Net analyzable

* The positivity concerns phenotypically similar strains. The demonstration of a positive direct examination of the BG (and/or sealed tubing

attached BGC) is a strong argument for a bacterial contamination of the BC.

+ Circular DGS/DHOS/Afssaps no. 581 dated 15 December 2003,

4 Direct examination of BC.

§ Dissociated microbiclogical results: When the BC euliure is positive and the blood cultures of the receiver negative, the interpretation by

the twe hemovigilance correspondents and the micrabiclogist is compulsory and a case by case analysis is required.

ATB.T = antibiotic therapy; DE = direct examination; ND = not done; Neg = negative result; Pos = positive resull.

age was 54 years. Forty-three of them (80%) exhibited a
hematologic disease (20 acute leukemia, seven lympho-
mas, 16 miscellanecus biood diseases), and seven (12.7%}
had a sclid tumor, Two patients had undergone surgery
and two were hospitalized for anemia assessment. Clini-
cally, a fever was present in all cases, rigors in 39 cases
(81%), and digestive symptoms in 17 cases (30%). Con-
cerning the low-severity incidents (Grade 1) that repre-
sented in our study 45.8% of the TTBIs, the clinical signs
were mainly rigors and/or hyperthermia with associated
signs in 10 cases of 24: digestive signs (n = 5), transient
hypotension (n=2), tachycardia (n=1), desaturation
(n = 1), and anxiety (n = 1). Among the 48 TTEBIs related to
PCs, the age of the PC when it was transfused was avail-
able for 35 cases: two cases (5.7%) occiured with 1-day-
stored PCs, seven (20%) with 2 days of storage, five (14.3%)
with 3 days of storage, 15 (42.9%) with 4 days of storage,
and six (17.1%) with 5 days of storage. Further details of
cases are provided in the Appendix 51 (available as sup-
porting information in the online version of this paper).
In our study; 96% of the TTEI cases observed with PCs
occutred in subjects suffering from a blood disease (48/
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50) while they received only 77% of the totality of trans-
fused PC as reported in a cross-sectional and nationwide
survey.!?

Annual variation

Figure 2A illustrates the variation of annual incidence of
TTBIs between 2000 and 2008 for PCs. It varied between
45.7 and 13.5 per million. A decrease tendency occurred
between 2000 and 2005 followed by a reincrease in 2006
and 2007 and decrease in 2008, Figure 2B illustrates the
variation of annual incidence for all BCs.

Clinical severity of TTB} and incidence according
to the type of BC

The severity of TTBI according to BC is presented in
Table 2. An immediate life-threatening and death risk was
observed in 35 and 22% of all the cases, respectively. TTBIs
linked to RBCs were more severe than those linked to
other BCs (71% of Grades 3 and 4 for RBCs vs. 54% for
PCs).
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Fig. 2. Annual variation of the incidence of TTBIs refated to PCs (A} or BCs {(B) from 2000 to 2008.

TABLE 2. Distribution of TTBI severity levels depending on the type of blood components over the
2000-2008 period

All btood
RBC PC (PFC APC) companents
Grade 1 (absence of life-threatening 2 (28.6%) 22 (46%) 6 (75%) 16 (40%) 24 (43.6%)
of long-term threat)
Grade 3 (immediate [ife threatening) 3 (42.8%) 16 {33%) 1(12.5%) 14(37.5%) 19 (34.5%)
Grade 4 (death) 2 (28.6%) 10 {21%:) 1(12.5%) 9(22.5%) 12 {21.9%)

RBC: red blood celis; PC: plaielet concentrates; PPC. pool platelet concentrates; APC: apheresis platelet concentrates.

TABLE 3. Cumulative incidence (expressed in number of cases per million transfused BCs) TTEI over the 2000
through 2008 period according to the type of BC and severity”

Number Incidence
BC type Transfused BCs TTBls All severity levels Grades 3 and 4 severity Grade 4 severity
All BCs 2241 x 10° 85 245 1.16 0.49
RBCs 18.0 % 108 7 0.388 0.28 0.1
PCs 1.94 x 108 48 24.71 13.4 5.14
APCs 1.62 % 10° 40 24.62 14.8 5.54
PPCs 0.32% 108 8 25.03¢ 6.26 3.13
FFP 2.44 % 108 0 0 N g 0
* Grade 3 severity = immediate life threatening; Grade 4 sevarity = death.

1 p < 108 by chi-square test by comparison to RBCs.
} Not significant by chi-sguare test by comparison to APCs.

Table 3 presents the cumulative incidence of TTBIs
per million BCs, including all severity levels over the
period 2000 through 2008 as a function of the nature of the
BC. The incidence over the period was 2.45 per million
BCs, 24.7 per million PCs, and 0.388 per million RBCs. No
cases were described with FFP. PCs were responsible for
87% of TTBIs (48/55) with a 63-fold higher incidence than
that of RBCs (p < 10*9 by chi-square test).

The ‘incidence between APCs and PPCs was very
similar (not significant by chi-square test). If only TTBIs of
Grades 3 and 4 severity are considered, the incidence per
million is 13.4 for PCs (without difference between APCs
and PPCs) and 0.28 for RBCs. The incidence of death
related to TTBIs per million transfused units was 5,14 for
PCs and 06.11 for RBCs (Table-3).
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Microbiologic results
Table 4 presents the different bacteria that were isolated
from BCs. A total of 58% were Gram-positive bacteria
(including 75% staphylococci) and 42% were Gram-
negative bacteria (including 78% of Enterobacteriaceae).
All of the bacteria recovered frorn RBCs were Gram-
negative bacilli. \
The severity of TTBIs related to BCs is also presented
in Table 4. For RBCs, Escherichia coli, Klebsiella oxytoca,
and Klebsiella preumoniae caused Grade 3 TTBIs. One
strain of Acinetobacter spp. and one strain of Yersinia
enterocolitica biovar 4, serovar 0:3, caused a Grade 4
TTBL! In PCs, Gram-positive bacteria represented 66.7%
of all the isolated bacteria, and Gram-negative bacteria,
33.3%. Most severe episodes related to PCs were due to
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TABLE 4. Bacteria Isclated from BCs assoclated with transfusion reactions according to saverily

Severity grade

REBCs (n=7)

PPCs (n=28) APCs (n=A40) Total

Bacteria 1 3

i - 3 4 1 3 4

Gram-positive bacteria
5. aureus
Staphyloceceous epidermidis
Other coagulase-negative staphylococci
E. fascalis
Streptococeus Group G
Streptococcus mitis
B. cereus
Total Gram-positive bacteria 0 0

Gram-negative bacteria
Enterabacier cloacae
E. cofi 1
K. oxytoca 1
K. pneumoniae 1 1
Proteus mirabilis 1
Serratia marcescens
Y. enlerocolitica
Acingtobacter spp.
Acinetobacter haemolyticus
Acinetobacter Iwoffi
Pseudomonas aeruginesa
Pseudomonas fiuorescens/pulida
Total Gram-negative bacteria 2 3

3 4 1
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Staphylococcus aureus, Enterococeus faecalis, and Bacillus
cereus for Gram-positive bacteria and to Enterobacteri-
aceae for Gram-negative baciili.

DISCUSSION

TTBIs are the most common remaining infectious risks in
transfusion. Their incidence should be accurately super-
vised, more particularly to monitor impact of additional
safety procedures in terms of incidence. Many technical
difficulties hinder TTBI incidences comparison: difficul-
ties in the interpretation of observational data, variability
of the AE monitoring systems, poor clinical recognition,
and variability in laboratory practice.’*™ In the French
hemovigilance system, the network structure and com-
pulsory nature of the reporting allow a nearly exhaustive
determination of incidence. The reporting rate was stable
over the considered period.’®

The incidence of TTBI varied greatly according to the
BC type (FFB, RBCs, PCs). No TTBI was described among
the 2.4 million units of FFP. This was in accordance with
previously published reports.”™!* The incidence of TTBIs
originated from RBCs was 0.38 per million, lower than the
reported value from the German Hemovigilance System
(0.93/million).”® This incidence contrasted with the
Bacthem study incidence of 5.8 per million units of RBCs
between 1996 and 1998 in France, a value 15-fold higher;
even methodologic aspects were different.'” Similarly, a
decrease in the incidence for RBC is seen since 1994 from
the French hemovigilance data.?® Since 1998, several mea-
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sures were implemented in France. A guide for hygiene
with consideration for blood collection was published in
2000 and a national guidelines document for managing
TTBIs was produced in December 2003 to maintain a high
level of sensitization of the staff in regard to TTBs.5%%
Major measures such as the systematic leukoreduction
and diversion of the first 30 to 40 mL have shown their
efficacy and were implemented in April 1998 for RBCs and
between 2001 and 2003 for PCs.20

To date PCs are the major source of TTBIs in France
(48 of 55 cases) and could be considered as a high-risk BC.
The incidence of TTBI related to PCs was 24.7 per million
PCs, all severity levels included. The incidences between
the two types of PCs (PPCs and APCs) did not reveal any
significant difference. In terms of health safety, the first
concern is the life-threatening or death-inducing TTBI
The incidence of life-threatening and fatal TTBI, was 13.4
per million and the incidence of fatal TTBI alone was 5.14
per million. For comparison, the most suitable studies in
terms of size and scope are the American Red Cross and
German reports. In the United Kingdom, the incidence of
TTBIs was not available due to lack of the denominator in
the annual SHOT reports. The incidences of TTBI reported
in a similar period including sample diversion but without
bacteria screening by the Ametican Red Cross for APCs
(March 2003 to December 2003) and by the German
Hemovigilance System for PCs (2006-2007) were 25 per
million (4.2 fatalities per mitlion) and 7.14 per million,
respectively.'®?® The incidence reported by German
hemovigilance is significantly lower. The first explanation



could be that physicians do not systematically recognize a
transfusion reaction as a septic incident: For instance, six
febrile reactions with positive bacteriologic culture of PLTs
were classified neither as possible septic transfusion nor
as transfusion reaction by physicians.?® Another hypoth-
esis is that low-severity incidents, which represented in
our study 45.8% of the TTBIs, are not all reported, More-
over, a lack of data on severity in these reports accounts
for difficulties to make comparison between incidence
and, particularly, what incidence of French study must be
considered for comparison (24.7 per million with all sever-
ity or 13.4 per million with life-threatening and fatalities).
The French hemovigilance system takes great attention to
report all possible TTBIs including low-severity TTBIs to
evaluate more accurately incidence of all clinically signifi-
cant BC bacterial contaminations.

As observed for RBCs, the incidence reported here for
all severity TTBIs related to PCs (24.7 per million) was
lower than the previcusly published data from Bacthem
study for the 1996 to 1998 period (32 per million PCs).”? A
decrease has also been observed in the follow-up of TTBI
in the annual TTBI cases reported within SHOT data
before and after 2002 Similarly to RBC, this was consid-
ered as the main consequence of the same measures
described above for RBC.

Variables such as type, bacterial load, and pathoge-
nicity of bacteria involved are also important elements to
explain the occurrence and the severity of TTBL.2 In our
waork, few bacteria are concerned in RBC-transmitted bac-
terial infections over the studied period. Gram-negative
bacilli clearly or exclusively predominate confirming pre-
vious results from BaCen studies in the United States,
SHOT annual reports in the United Kingdom, and German
hemovigilance data.'®%% However, five of seven TTBIs

, are Grade 3 or 4. The hypothesis to explain the-severity of
these TTBIs could be the proliferation of eryophylic bac-
teria, suggested by storage conditions, which increase
endotoxin production and thus the risk of severe sepsis.??
In the hemovigilance data reported from 1994 to 1998 and
in the French Bacthem study, Gram-positive bacteria rep-
resented 58 and 40% of cases, respectively, whereas no
case was reported with Gram-positive bacteria in our
study. This result suggests the efficacy of diversion and
sensitization of staff in regard to skin antisepsis and
hygiene.

The distribution of bacteria among TTBIs involving
PCs was wider, mainly consisting of coagulase-negative
staphylococcifollowed by enterobacteria. These data were
in accordance with those of studies performed by
others.)#182831 Expept for 8. aureus, TTBIs caused by other
staphylococci species were responsible for low-grade AEs.
Nevertheless, a fatal case has been previously described 22
In our study the presence of skin flora bacteria was still
significant in spite of the different preventive measures
implemented in France.
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Surprisingly the TTBI incidence due td skin flora bac-
teria between PPCs and APCs did not differ significantly,
although PPCs were obtained from five collections and
APCs from one collection, Similar data were found in pro-
spective studies on the detection of bacteria in Europe
where PPCs are produced using the buffy coat tech-
nique®* These results are in contradiction with the
studies using the PLT-rich plasma method. The American
Red Cross reported a 5.8-fold greater risk of confirmed
contamination for PPCs and similar data were reported by
others*3 This difference could be ascribed to the WB
prestorage stage and the leukoreduction by filtration 34
The prestorage stage consisted of storage at 20°C of WB
after collection for 2 to 20 hours before processing, allow-
ing phagocytosis of bacteria by white blood cells (WBCs)
and therefore the bactericidal effect of WB. This prestorage
stage with WBCs did not exist for apheresis PLT collection.
Furthermore, the leukoreduction of WB, RBCs, and
plasina was carried out by filtration. This one can reduce
bacterial load even its effect varied dramatically depend-
ing on bacterial species®%% Jeukoreduction for
apheresis PLTs was catried out via a different mechanism,
during the cell separation phase {eluiriation).

Another explanation could be that the contamination
of the punctured zone may be more difficult to prevent for
apheresis blood collection because of a collection time
greater than 45 minutes. A possible explanation for this
might be that venipuncture results in,skin flaps, from
which skin bacteria might be rinsed and eluted during
prolonged flow.?

Enterococcus were more rarely involved in TTBIs.
However, the E. faecalis infections observed in this study
were severe, These enteric bacteria were usually consid-
ered weakly virulent but were known 10 cause bacteremia,
endocarditis, and local infections especially in deficiency
patients. No related cases were notified in the BaCon and
SHOT studies.®® Clostridium perfringens, a Gram-
positive anaerobic bacilli, is another enteric bacteria that
could cause serious sepsis among recipients.** Entero-
coccus and Clostridiurm could also be isolated in the envi-
ronment or on the skin or be transmitted by the hands of
the collection personnel or technicians hygiene condi-
tions are deficient.

The isolation of B, cereus often led to interpretation
problems. These bacilli and their spores were broadly
spread in nature and often considered as air or skin con-
taminants. However, they should be considered as signifi-
cant on strict bacteriologic criteria. Qur study added three
new cases to the 11 previously reported.!’#2.647

Ameong enterobacteria, the Klebsiella-Enterobacter- .
Serratia group predominated with respect to E. coli in the
present work as in the BaCon, SHOT, and Bacthem studies.
Indeed S. marcescens could proliferate under poor nutri-
tional conditions both in RBCs stored at +4°C and in PCs
stored at 22°C.%
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A question raised by these data regards the improve-
ment of blood safety from a bacteriologic point of view
after sample diversion and continued improved donor
arm disinfection. The first intervention to be considered is
bacterial screening for PC as a high-risk BC. The American
Red Cross reported an incidence of 9.4 per million for
APCs and 0.98 for fatalities with screening detection. This
points out a reduction of 30% for TTBIs and 50% for fatali-
ties, respectively.®® Since its implementation in the
United Kingdom in February 2011, no transmission has
yet been reported.’® In the case of bacterial .screening,
some issues however must be considered such as timing

~ (immediate or delayed) or volume of sampling, culture
‘methods with aerobic bottle alone or aerobic and anaero-
bic bottles, or methods with rapid detection system. These
issues are important because bacterial concentration is
very low after production of PCs, bacterial growth kinetics
can vary considerably, detection is especially difficult if
the bacteria are in lag phase, and all TTBIs are not pre-
vented by early bacterial screening strategies.*? For the
bacteriologic diagnostic of our study, the standardization
of the processing of positive culture for diagnostic has

aliowed a uniform, controlled quality of the detection and

recovery of pathogens. A similar approach in early bacte-
rial screening could be of interest for managing blood
culture bottles inoculated at the storage stage to reduce
the risk of false-positive results. A new approach in bacte-
rial screening is the detection of contaminated units at the
time of issue when there is a high burden of bacteria and
when detection could be best achieved. Altogether, the
challenge of hacterial screening is to overcome the sensi-
tivity limitations to continue decreasing risk of bacterial
sepsis as well as specificity limitations to limiting the
waste of a limited resource, as blood is. In any case,
TTBI events afe so uncommon that an exhaustive
. hemovigilance system, like that in France, could evaluate
accurately the impact of these methods in term of
incidence.

Due to the remaining risk of bacterial sepsis in spite
of screening detection, an alternative option would be
the pathogen inactivation of PCs for preventing the trans-
mission of bacterial infections and many other patho-
gens,”™ While pathogen-reduced plasma is already used
routinely, there are persistent concerns about the impact
of pathogen reduction on the integrity of BCs and on tox-
icity® Purthermore, there are conilicting data regarding
the therapeutic efficacy of pathogen-reduced PCs.5
In France, a multicenter, randomized, conirolled,
double-blind, therapeutic trial (named EFFIPAR,
ClinicalTrials.gov Identifier NCT01789762) including 810
patients was beginning in 2013 to evaluate PC treated by
amotosalen and UVA with regard to bleeding as primary
objective and with regard to transfusion needs, out-
comes, and safety as secondary objective. Therefore, the
need for careful assessment of the risks and benefits
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of pathogen reduction technologies must be regularly
considered.

In conclusion, this retrospective study illustrates the
importance of hemovigilance as an important tool to
evaluate safety of BC transfusion. Furthermore, the inci-
dence of the TTBI throughout 2000 to 2008 provides a
baseline to evaluate the impact of further additional safety
procedures like bacterial screening and pathogen reduc-
tion technology.
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Reactivation of a former hep.atitis B virus (HBV) INTRODUCTION

infection can be triggered by immunosuppressive . . .
therapy, diseases associated with an immuno- Approximately two billion people worldwide have
compromised state, organ transplantation or the been exposed to HBV, which affects an estimated 350
withdrawal of antiviral drugs. Despite the absence ~ Million persistently infected individuals worldwide
of such risk factors, a spontaneous reactivation of [Lavanchy, 2004). HBV causes a spectrum of liver
HBV replication occurred in two elderly patients diseases, including acute hepatitis, chronie hepatitis,
with resolved or occult HBV infection. A 73-year- liver cirrhosis, and hepatocellular carcinoma [Liang,
old male underwent coronary artery bypass graft- 2009]. Patients with acute HBV infection sometimes

ing in October 2008, and was negative for HBsAg develop fulminant hepatitis B. HBV is a circular,
but positive for anti-HBs. In July 2009, his serum partially double-stranded DNA virus of approxi-
became positive for HBsAg, HBeAg and HBV DNA mately 3,200 nucleotides (nt) t.hfat belon_gs to the
(6.4 log copies/mli; genotype C), but negative for prototype group of the Hepadnavzrzdae fa.mlly _[Mason
anti-HBe IgM, with abrupt elevation of the liver et al, 2012]. The HBV genome is classified into 10
enzymes. The entire genomic sequence of HBV genotypes, designated A—J [Okamoto et al, 1988;

recovered from this patient revealed no mutations Norder et al., 1994; Stuyver et al,, 2000; Arauz-Ruiz
in the core promoter and precore regions that et al, 2002; Tran et al, 2008; Tatematsu et al,
interfere with HBeAg production. A 76-year-old 2009]. With the exception of genotypes E, G, H, and
male with a history of endoscopic mucosal resec- J, the genotypes are divided into several subgeno-

tion for esophageal cancer in 2002 and an initial types, such as B1-B9 in genotype B and C1-C16 in
diagnosis of diabetes mellitus in 2009, at which genotype C [Mulyanto et al, 2012]. In Jipan, sub-

time he was negative for HBsAg. He was found to genotypes Bl and C2 are prevalent among patients
be positive for HBsAg in September 2012 during a with chronic infections [Tanaka et al., 2005]. ,
laboratory examination performed prior to the The presence of HBV DNA in the liver (with or
resection of recurrent esophageal cancer, despite without detectable HBV DNA in the serum) of
a low HBV load (2.1 log copies/ml). Three manths HBsAg-negative mdlvldua-ls tested with the currently
later, without the administration of any anticancer available serum assays is defined as occult HBV

drugs, the HBV DNA {genotype B) level increased infection [Raimondo et al., 200_8]. The r{learance of
to 5.1 logcopies/ml. A precore G1896A variant HBsAg and appearance of anti-HBs, with normal-
with high quasispecies diversity was recovered ization of the liver funct1qn, is generally accepted as
from thepatient. Aging, surgical stress and
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evidence of a clinical and serological recovery from
acute hepatitis B. However, HBV replication has
been shown to persist at low levels in the liver for
decades [Michalak et al,, 1994]. Reactivation of HBV
in chronic HBV carriers or individuals with an occult
or resolved HBV infection during or after immuno-
suppressive treatment, such as chemotherapy or
transplantation chemotherapy, which is characterized
by an increased level of serum HBV DNA, abnormal
liver function and hepatic failure, has been reported
[Lok et al., 1991; Seth et al, 2002; Shouval and
Shibolet, 2013; Zachou et al:, 2013]. Although a
spontaneous reactivation of chronic hepatitis B pre-
senting as acute-on-chronic liver fajlure has been
described in the literature since the 1980s [Davis
et al., 1984; Tong et al., 1987; Okuno et al., 1989],
the occurrence of HBV reactivation without prior
immunosuppressive treatment, based on the status of
an occult or resolved HBV infection that had been
contracted earlier, has not been reported.

Recently, two cases of spontaneous HBV reactiva-
tion were treated at a national hospital in Japan,
both of which cccurred in patients in their 70s with
occult or resolved FIBV infections. In the present
study, the entire genomic sequences of the HBV
isolates obtained from these two patients were ana-
lyzed to characterize the HBV that was spontane-
ously reactivated in these elderly patients.

MATERIALS AND METHODS
Serum Samples

Serum samples were periodically collected from two
patients (No. 1 and No. 2) who suffered from sponta-
neous reactivation of previously occult or resolved
HBV. The presence of immunoglobulin (Ig) M (IgM)
antibodies against the hepatitis A virus (HAV) (anti-
HAV IgM), hepatitis B surface antigens (I{BsAg), the
corresponding antibodies (anti-HBs), IgM eclass anti-
bodies against the HBWV core antigens (anti-HBe
IgM), whole antibodies against HBV core (anti-HBc),
hepatitis B e antigens (HBeAp), the corresponding
antibodies (ant-HBe) and antibodies to HCV (anti-
HCV) was assayed using a chemiluminescence
enzyme-immunoassay (CLEIA) with commercial kits
{Fujirebio, Tokyo, Japan) or by chemiluminescence
immunoassay (CLIA) with commercial kits (Abbott
Japan, Tokyo, Japan). The IgM and IgA classes of
antibodies to the hepatitis E virus (HEV) (anti-HEV
IgM and- anti-HEV IgA, respectively) were detected
with an in-house enzyme-linked immunosorbent
assay (ELISA) using a purified recombinant ORF2
protein of HEV genotype 4 that had been expressed
in the pupae of a silkworm as the antigen probe, as
described previously [Takahashi et al.,, 2005]. The
IgG class antibodies against hepatitis delta antigens
(HDAg) were also determined via an in-house ELISA
using a purified recombinant HDAg protein that had

been expressed in the pupae of a silkworm as the
" antigen probe, as described previously [Inoue et al.,
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2005]. The presence of antibodies against human
immunodeficiency viruses 1 (HIV-1) and 2 (HIV-2)
(anti-HIV 1/2) and antibodies to human T-cell leuke-
mia virus type 1 (HTLV.1) was assayed by the
particle agglutination method (Fujirebio}.

Quantitation of the HBV DNA was also performed
using the serum samples from the patients according
to the COBAS TagMan HBV Test v2.0 (Roche
Diagnostics, Tokyo, Japan) or an in-house real-time
PCR as described previously [Akahane et al.,, 2002].
The serological detection of the HBV genotypes was
conducted using an ELISA with monoclonal anti-
bodies against preS2 epitopes [Usuda et al, 1999),
and subgenotypes were determined by a phylogenetic
analysis as described below.

Informed consent was obtained from the patients
for participation in the present investigation.

Amplification of the Entixe HBV Genome

The complete nucleotide sequences of four HBV
genomes cbtained from the two patients were deter-
mined according to the previously described method
[Mulyanto et al.,, 2010]. Briefly, nucleic acids were
extracted from 100 ul of serum using a commercially
available kit (SMITEST EX-R&D; G&G Science,
Fukushima, Japan), and were subjected to nested
PCR using primers derived from the well-conserved
areas in the HBV genomes of all 10 genotypes (A-—J)
reported to date [Okamoto et al., 1988; Norder et al.,
1994; Stuyver et al., 2000; Arauz-Ruiz et -al., 2002;
Tran et al, 2008, Tatematsu et al, 2009] and
TaKaRa Ex Taq polymerase (TaKaRa Bio, Shiga,
Japan). PCR was subsequently performed for 35
cycles in the first round and 25 cycles in the second
round under the same cyeling conditions (24°C,
30sec; B5°C, 30sec; 72°C, 2min), targeting three
overlapping regions of HBV DNA (the primer sequen--
ces at both ends were excluded) spanning nt
2383-3215/1-667 (1,550 base pairs [bpl), nt 480-1795
(1,316bp) and nt 1699-2380 (B82bp), respectively.
The nucleotide numbers are defined in accordance
with the genotype C HBV strain of 3,215nt
(AB033550).

Détermination‘ of the Nucleotide Sequences and
Phylogenetic Analyses

The amplification products were sequenced directly
on both strands using a BigDye Terminator v3.1
Cycle Sequencing kit (Life Technologies, Carlshad,
CA) on an Applied Biosystems 3130x]1 Genetic Ana-
lyzer (Life Technologles) The sequence analysis was
performed using the Genetyx software program (ver-
sion 12.0.8; Genetyx, Tokyo, Japan), and multiple
alignments were generated by the CLUSTAL Omega
software program (version 1.2.0) [Goujon et al,
2010]. Phylogenetic trees were constructed according
to the neighbor-joining method [Saitou and Nei,
1987] with the Kimura two-parameter model and
1,000 replicates of hootstrap resampling, as
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implemented in the MEGA6 software program (ver-
sion 6.0.6) {Tamura et al., 2013].

RESULTS
Patient 1

A Td-year-old male (Patient 1) had underwent
coronary artery bypass grafting (CABG) at a city
hospital on October 10, 2008, at which time he was
negative for HBsAg but positive for anti-HBs (12,7
mlU/ml) (Table I). Although the patient’s liver
enzyme levels were within the normal limits until
April 2009, slightly elevated levels of AST (58 IU/L)
and ATL (79 1U/L) were noted on May 28, 2009, Due
to abrupt elevations of the AST (448 IU/L) and ALT
(278 TU/L) levels and positivity for HBsAg on July 2,
2009, he was transferred to Tokyo National Hospital
and hospitalized with a clinical diagnosis of HBV-
associated hepatic injury 2 weeks later.

The laboratory tests performed on admission
showed that he had hepatic dysfunction with elevated
ALT (436 IU/L) and AST (318 IU/L) and total
bilirubin (2.0 mg/dl) levels. His serum was positive for
HBsAg, HBeAg and HBV DNA (6.4 log copies/ml;
genotype C), with concurrent positivity for anti-HBs,
but was negative for anti-HBe IgM (CLIA, 0.2 S$/CO)
and anti-HAV IgM, anti-HCV, anti-HDV, and anti-
HEV IgM/IgA (Table II). Based on these findings, the
patient was diagnosed with reactivation of HBV
infection. Although his consciousness was normal,
the possibility of deterioration could not be ruled out,
because of the persistence of ALT elevation for more
than one month, a decrease in the serum albumin
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level and elevation of the serum bilirubin level.
Therefore, immediately after admission, the patient
received treatment with entecavir (0.5mg/day). The
HBsAg and HBV DNA became undetectable on
August 10, 2002, and continued to be negative up
through the end of the ohservation period of April 9,
2012,

Patient 2

On February 24, 2009, a 73-year-old male was
admitted to Tokyo National Hospital due to drug
misuse, at which time HBsAg was negative in his
serum (anti-HBs and anti-HBc were not examined).
The patient reported receiving endoscopic mucosal
resection for esophageal cancer in 2002 and cholecys-
tectomy for cholelithiasis in 2004. He was first
diagnosed with diabetes mellitus during admission,
and thereafter, was followed-up as outpatient at the
hospital. On September 3, 2012, the patient was
found to be positive for HBsAg on a laboratory
examination performed prior to surgery for recurrent
esophageal cancer, although the titer was low
(Table III). There were no abnormalities on a phys-
ical examination, and no signs of chronic liver
dysfunction, such as ascites, leg edema or vascular
spiders, and the HBV DNA titer was low at 2.2 log
copies/ml. After the resection of the esophageal
cancer, the patient was followed-up in the outpatient
clinic without chemotherapy.

On December 6, 2012, although biochemical tests
revealed no elevated levels of AST (14 IU/L), ALT (11
TU/ML), or y-glutamyl transpeptidase (y-GT) (39 TU/L),
the HBsAg and HBV DNA (genotype B) levels were

TABLE 1. Changes in Liver Function Test Results and HBV-Related Markers in Patient 1

HBV DNA

Date of sampling AST ALT T-Bil HBsAg Anti-HBs Anti-HBe HBeAg Anti-HBe TagqMan In-house
(yr/mon/day)} (IU/ML) QUML) (me/dly (COI)  {(mIUG/ml) (COID) (8/CQ) (%) (log copies/ml} (copies/ml)
2008/10/10 20 22 - + (12.7)
2009/02/23 22 20 - + (16.3}
2009/05/28 58 79
2009/07/09 449 273 + (>2000) + (1590) - -+ (8.0}
2009/07/23% 436 318 2.0 + (2000) + (118.0) + (100.0) + (1600) - 4 (6.4)
2009/07/25" . + + (L4 %107
2009/07/27° 302 254 21 + + (2.2 x 105)
2009/07/30 316 245 19
2009/08/03 254 246 16
2009/08/06 77 125 1.3
2008/08/10P 28 49 11 - -
2009/09/14° 16 9 08 - + (5.6) - - -
2009/11/16 19 8 0.8 +(1.2) - -
2009/12/21° 17 11 0.7 - - - - -
2010/01!26 23 12 0.9 - - -
2010/03/28" 27 15 0.8 -+ (100.0) - + (93.8) - -
2010/04;'27 20 13 0.7 - + (28.0) - + (11.1) -
2011/08/28° 18 9 1.0 - . - +(75.1) - -
2012/04/09 16 9 0.8 - - + (66.6) -
&0n admission.
Stored serum samples were available,
°The entire genomic sequence of HBV was determined,

J. Med. Virol, DOT 10.1002/jmv
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TABLE II. The Lahgratory Data on Admission for the Two
Patients With Spontaneous HEV Reactivation

Patient 1 Patient 2
Hematology
WBC 5,300/l 5,500/ul
RBC 360 x 10%pl 324 x 104/l
Hemoglohin 11.9¢g/d1 10.0g/dl
Hematocrit 35.9% 31.2%
Platelets 14.1 % 10%/pl 24.6 x 10%/p)
Blood Chemisiry
Total protein 8.0g/dl 5.5g/dl
Albumin 3.5g/dl 2.2g/d1
Total bilirubin 2.0mg/di 0.6 mg/dl
AST 436 TU/L 14 IU/L
ALT 318 TU/L 11 TU/L
ALP 860 IU/L 540 TU/L
v-GT 218 IU/L 39 TU/L
BUN 19.1mg/dl 9.9mg/dl
Creatinine 1.1mgidl 1.0mg/dl
Total cholesterol 96 mg/dl 72 mgfdl
Coagulation
PT% 349 74%
APTT 45.5 sec 31.0 sec
Viral Markers
Anti-HAV IsM (=) (=)
Anti-HCV (=) (=)
Anti-HDV (=) )
Anti-HEV IgM/IgA (=)(=) (=)/(=)
HBsAg 2,000.0 COI (+) 9.5 COI ()
Anti-HBs 118.0 TU/ml (+)  <5.0 IU/m] (-)
Anti-HBc (whole) 100 COI (+) 9.1 COI (+)
Anti-HBc IgM 0.2 §/CO (-) 0.1 8/CO (-)
HBeAg 1,600.0 8/CO (+} <1.08/CO (-)
Anti-HBe <5.0% (-) 92.7% (+}
HBV DNA 6.4 log copies/ml 5.1 log copies/ml
HBYV genotype c B
Anti-HIV1/2 (=) (=}
Anti-HTLV1 (=) =)
Immunology
IgA 386 mg/dl 354 mg/dl
IgG 2,577 mgfdl 1,394 mg/dl
IgM T6meg/dl 92 mg/dl
ANA 40x 80x

WBC, white blood cells; RBC, red blood ceils; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline
phosphatase; y-GT, gamma-glutamy! transpeptidase; LDH, lactate
dehydrogenass; BUN, blood urea nitrogen; HBsAg, hepatitis B
surface antigen; HBeAg, hepatitis B e antigen; ANA, anti-nuclear
antigen; PT, prothrombin time; APTT, activated partial thrombo-
plastin time.

elevated to 9.9 COI and 5.1 log copies/ml, respec-
tively, without positivity for anti-HBe IgM (Table IIT).
His serum was positive for anti-HDV, but negative
for HDV RNA, suggesting that there had been a past
HDV infection. Based on these findings, a diagnosis
of reactivation from occult HBV carrier status was
established, and he was admitted to receive treat-
ment with entecavir (0.5mg/day). One month after
admission, his HBV DNA level declined to 2.6 log
copies/ml (Tabhle ITI), and he started to receive chemo-
therapy with cisplatin {110mg/day, once every
3 weeks) and fluorouracil (1000 mg/day for 5 days a
week). However, due to a gradual deterioration of his

general condition, the patient died on February 17,
2013.
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Characteristics of the Entire HBV Genomes
Obtained From Patienis 1 and 2

In order to characterize the HBV implicated in the
reactivation of the resolved HBV infection in Patient
1, a nucleotide sequence analysis was performed.
using viral DNA extracted from the serum sample
obtained from Patient 1 on July 25, 2009, which had
an HBV DNA titer of 1.4x107 copies/ml. The
P1-090725 isolate recovered from Patient 1 had a
genomic length of 3,215bp, and was most similar to
genotype C and subgenotype C2 HBV strains (Fig, 1),
with the highest similarity (99.5%) to the reported
HBV strain of Non-HCC pt No.10 (AB670283) over
the entire genome (Table IV). The P1-090725 isolate
possessed no mutations in the core promoter or
precore region, including those at nt 1762/1764 and
nt 1896, which are known to abrogate HBeAg produc-
tion or interfere with the franscription of precore
mRNA and to reduce the expression of the HBeAg
precursor [Okamoto et al., 1990; Moriyama et al,,
1996]. Of note, the P1-090725 isolate was 08.6%
similar to the pNDR260 isolate that was obtained
from an HBeAg-positiver asymptomatic carrier in
Japan, and was 99.8% identical to a consensus
sequence of 18 wild-type subgenotype C2 HBV
strains in Japan, including Non-HCC_pt_No.10 and
pNDR260, over the entire genome (Table IV), sug-
gesting that the P1-090725 isolate was a wild-type
virus. The P1-090725 isolate shared 100% identity
with the consensus sequence in the C gene product,
and differed by only 0.5-1.3% from the consensus
sequence in the amino acid sequences of the other
three genetic regions, with the conversion at aa 615
(fle for P1-090725 and Leu for the consensus
sequence) and 805 (Lew/Pro) in the P gene, aa 167
(Leu/Ser) in the S gene and aa 49 (Try/His) in the X
gene. Since P805L in the P gene product and $1671.
in the S gene product were not identified in the
reported subgenotype C2 HBV strains (deposited in
the DDBJ/EMBL/GenBank databases as of
July 2014), these two amino acid substitutions are
likely to be unique to the P1-090725 isolate obtained
in the present study.

In Patient 2, a serum sample obtained before HBV
reactivation was available, and the HBV isolate (P2—
120831) recovered from the serum sample with an
HBV DNA titer of 2.1 x 10* copies/ml was compared
with the isolates obtained from serum samples with
an HBV DNA titer of 1.9 or 2.5x10° copies/ml
collected during HEV reactivation (P2-121210 and
P2-121214). All three HBV isclates obtained from
Patient 2 had a genomic length of 3,215bp and were
segregated into subgenotype B2 within genctype R
(Fig. 2). These three HBV isolates possessed a
common precore mutation (GI896A), unaccompanied
by core promoter double mutations at nt 1762/1764,
thus indicating that Patient 2 was infected with a
precore mutant, which was unable to produce the
HBeAg protein. Of interest, P2-120831 had 31
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TABLE III. Changes in Liver Function Test Results and HBV-Related Markers in Patient 2
HBV DNA
Date of sampling AST ALT T-Bii HBsAg Anti-HBs Anti-HBe HBeAg Anti-HBe TagMan In-house
(yr/mon/day) (TU/L) (UMY (mgdl) (COD (mIUml (COI) ({S/CO) %)  (log copies/ml) (copies/ml)
2008/02/24 24 18 -
2009/08/10 34 25 -
2010/07/30 29 30
2011/08/04 32 30
2012/08/02 30 28 0.6 .
2012/08/23 43 34 1.7 -
2012/08/27 55 48
2012/08/31%° - - + (2.1 x 109
2012/09/03 : -+ (1.5) + (12.4) + (2.2)
2012/09/04 43 15 2.8 .
2012/11/05 22 21 05
2012/12/06° 14 11 0.6 + (9.9 - + (9.1} - + (92.7) + (5.1}
2012/12/10%° + (43.5) - - + (1.9 x 109
2012/12/14*° 15 9 + (2.5 % 109
2012/12/23 15 10 0.5 -
2013/01/16* + (310.1) + (50.0) - + (89.3) + (2.6) + (7.0 % 109
2013/01/17 61 28 0.6
2013/01/23 19 14 0.7
2013/02/04 123 110 0.7

23tored serum samples were available. .
5The entire genomic sequence of HEV was determined.
“On admission. :

nucleoctide positions that were a mixture of two
nucleotides (A/C, T/C, A/G, A/T, G/T, or G/C), while
P2-121210 and P2-1214 had 36 and 35 such nucleo-
tide positions, respectively. Of these, 24 nucleotide
positions (nt 288, 339, 406, 456, 480, 482, 553, 554,
555, 648, 657, 810, 831, 949, 1053, 1569, 2183, 2235,
9525, 2588, 2753, 2775, 2925, and 3080) with a
mixture of two nucleotides were common to the three
HBYV isolates. As listed in Table V, four nuclectide
positions (nt 463, 479, 930, and 1800) with a mixture
of two nucleotides were found exclusively in
P2..120831, while nine nucleotide positions (nt 494,
1726, 1846, 1961, 1962, 2155, 2239, 2303, and 2962)
with a mixture of two nucleotides were restricted to
both P2-121210 and P2-121214. Based on a compar-
json with the consensus sequence of 40 reported
subgenotype B2 HBV isolates, it was speculated that
Thr at aa 114 in the S gene (S_114-Thr), P_468-Asn,
X _118-Thr, C_21-Pro/Asn, C_113-Glu, C_135-Pro,
preS1l_39-Gln and P_219-Thr were associated with
the reactivation of HBV replication.

The nuclectide sequence data determined in this
study have been assigned DDBJ/EMBL/GenBank
accession numbers AB981580-AB981583.

DISCUSSION

The present study revealed that reactivation of
HBV infection can occur in elderly people with
resolved or occult HBV infection, despite the absence
of reported triggers for reactivation, including immu-
nosuppressive therapy, diseases associated with an
immunocompromised state, organ transplantation or
the withdrawal of antiviral drugs, and suggested that
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either wild-type or precore G1896A mutants may be
associated with HBV reactivation. Of note, when the
HBV genomes in two patients with spontaneous
reactivation were analyzed hy direct sequencing in
the present study, a wild-type HBV genome with a
single sequence was recovered from Patient 1 who
had been negative for HBsAg but positive for anti-
HBs approximately four months before reactivation,
while G1836A variants having a mixture of two
nucleotides at 35 or 36 nucleotide positions across the
entire genome were obtained from Patient 2, who had
been negative for both HBsAg and anti-HBs but had
harbored low-titer HBV DNA approximately three
months hefore reactivation.

The clearance of HBsAg and appearance of anti-
HBs, with normalization of the liver function, is
generally accepted as evidence of a clinical and
serological recovery from acute hepatitis B. However,
HBV replication has been shown fo persist at low
levels in the liver for decades [Michalak et al., 1994;
Raimondo et al., 2013]. Although it is unknown
whether Patient 1 in the present study had anti-HBe
and low-titer HBV DNA, the presence of anti-HBs, in
the absence of detectable HBsAg, indicates the reso-
lution of the HBV infection (Table I). The presence of
HEV DNA in the serum or liver of HBsAg-negative
individuals tested with the currently available serum
assays is defined as occult HBV infection [Raimondo
et al.,, 2008]. Occult HBV infections are associated
with significantly lower HBV DNA levels compared
with HBsAg-positive chronic HBV infections [Stramer
et al., 2011]. In some cases, the serum HBV DNA
levels may be near the cut-off for the assay or
undetectable in patients with occult hepatitis B,

J. Med. Virol. DOI 10.1002/imv



594

c2

26

a1

Kamitsukasa et al,

-ABB70283 (Japan) W
@ P1_090725
ABG70247 (Japan) W
AB205124 {Japan)_W

AB014360 (Japan)
T AB014376 (Japan)
AF330110 (Thailand)
D50519 (Japan)

100 D50520 {Japan)
AB195942 (Japan)
1 AB202071 (Japan) -
AB205152 (Japan)

7

AY 123041 (Japan) W
100 — AB042282 (Japan)
ABO042283 (Japan)
D50518 (Japan)

AY641558 (Korea)

821 AB222714 (Uzbekistan)

160 — AB222715 (Uzbekistan)

AY247032 (Korea)
5475314 (Korea)

GQ475311 (Karea)
E AB368296 (Japan) W
Q475312 (Korea)
AYB41561 {Korea)

f——— AYD40627 (China}
AF286594 (Korea)
AB113879 (Japan) W

AB033553 (Japan) W
AB033556 (Japan) W
W0 AR033551 (Japan) W

s6- AB033552 (Japan) W
[ ABO2GB15 (Japan). W
AFP011098 (Indonesia}
AB3B7400 (Japan)

95 —— AB033550 (Japan)_W
AY 247030 (Karea)
AB033556 {Japan)
AB111114 (Japan)
GQ872210 (Korea)
AB362932 (Japan) W
D23682 (Japan)
100 023683 (Japan)

00630 {Japan)
GQ377585 (China)
X52939 (Germany)
GQ377559 {China)
GQ377570 (China)
AF411411 {China)
D23581 (Japan)
ABO26814 (Japan)
D23664 (Japan)
AY206381 {China)
AF182802 {China)
AF182804 {China)
GQ205441 (China)
AB198077 (Japan)_W
AB 198080 (Japan)_W
AF533983 (China)
EU916241 (China)
EU306720 (China)
FJ386587 {China)
DQOBYTI3 (Hong Kang)
X04615 (Japan)_W
DQO89797 (Hong Kong)
AB198081 (Japan) W
AY057947 (China)
DQOBS796 (Hong Kong)
AY 167085 (Taiwan)
AY 206382 (China}
DQ9Y3633 (Taiwan)

94

95

90

ABS540585 (Indonesia)
-| E AB367431 (Japan)
100 DQOB9ERY (China)
FJ562298 {China)

199 ARS540584 {Indonssia)

AB033557 {Japan)_ W

J. Med. Virol. DOI 10.1002fimv

C1 60358158 (Indonesia) -
C3 AF473543 (China}
X75656 (Polynesia)
DO0328 (Jzpan)
i Q.01

53



Spontanecus HBV Reactivation 595

TABLE IV. Comparison of the Nucleotide Sequence Identities Between the HBV Isolate Obtained From Patient 1 and
Reported Wild-type HBV Isolates of the Same Subgenotype (C2) in Japan

Nucleotide (amino acid) sequence identity%

HBV isolates Entire genome P gene

preSl/preS2/S gene X gene C gene
compared (8,215 nt) [2,529nt (843 aa)} [1,200nt (400aa)] [462nt (154a8)] [549nt (183 aa)]
P1_090725 versus AB033550% ‘ 98.6 98.5 (98.5) 99.1 (98.2) 97.8 (96.1) 98.6 (100)
P17090725 versus AB670283" 99.5 99.6 (99.7) 99.8 (99.5} 99.1 (99.3) 99.8 (100)
P1_090725 versus Cons® 99.3 99.4 {99.5) 99.7 (99.3) 98.4 (98.7) 99.6 {100}

®A representative subgenotype C2 HBV isolate (pNDR260) obtained from an HBeAg-positive asymptomatic carrier in Japan.

A representative subgenctype C2 HBV isolate (Non-HCC pt_No.10) that was most similar to the P1_090725 isolate among those deposited
in the DNA databases as of July 2014, The Non-HCC pt No. 10 isolate had no core promoter or precore mutations.
°The consensus sequences of 18 presumably wild-type subgenctype C2 HBV strains (ABO26815, AB033550-AB033553, AB033556-
AB033557, AB113879, AB198077, AB198080-AB158081, AB205124, AB362932, AB368296, ABS70247, AB670283; AY123041, and X04615)

isolated in Japan that had no core promoter or precore mutations.

although replicative HBV DNA can still be detected
in the liver tissue [Raimondo et al., 2008]. In Patient
2 in the present study, although HBsAg had been
continuously negative for at least 3 years since 2009,
HBV DNA was found to be positive at a low titer
three months before HBV reactivation (Table III).
Therefore, it is reasonable to consider that Patient 2
had occult HBV infection. ‘

The anti-HBc IgM antibody titer is used to distin-
guish between acute and chronic HBV infections
[Rodella et al., 2008}. It has previously been reported
that a titer of anti-HBec IgM greater or less than
10.0 5/CO, detectable according to the CLIA method,
is useful for differentiating hetween acute and acute-
cn-chronic hepatitis B [Nakao et al,, 2006). In the
present study, both patients were negative for anti-
HBc IgM (Table II), supporting the notion that these
two patients developed hepatitis on a background of
resolved or occult HBV infection, and exclude the
possibility of acute HBV infection. _

Reactivation of HBV infection is known to occur
not only in chronic HBV carriers, but also in individ-
uals . with an occult or resolved HBV infection [Lok
et al.,, 1991; Seth et al,, 2002; Shouval and Shibolet,
2013; Zachou et al, 2013]. The cases of HBV
reactivation that have been reported are character-
ized by a wide range of clinical manifestations, from
an increased level of serum HBV DNA without
clinically relevant manifestations to fulminant life-
threatening hepatitis [Hoofnagle, 2009]. It is well
documented that chronic HBV infection may be
reactivated in patients with disedse-related or ther-
apeutically-induced conditions of strong immune sup-
pression [Loomba et al., 2008]. Reactivation of occult

HBV infection following immunosuppressive therapy
or chemotherapy- has been reported, although it
occurs more rarely than in HBsAg-positive patients
[Shouval and Shibolet, 2013; Zachou et al., 2013]. It
has also been reported that reactivation in patients
with occult HBV infection may lead to the develop-
ment of fulminant hepatitis {Marzano et al., 2007;
Kusumoto et al., 2009]. ,
As noted above, HBV replication has been shown to
persist for decades at low levels in the nuclei of the
hepatocytes of the patients as HBV cceDNA, an
intermediate form of the virus life cycle that serves
as a template for gene transcription [Michalak et al,,

- 1994; Levrero et al.,, 2009; Raimondo et al., 2013],

which may explain the recent increase in the rate of
HBV reactivation leading to fulminant hepatic fail-
ure, known as de novo hepatitis B, in patients with
resolved infection during or after chemotherapy and
transplantation [Lok et al., 1891; Seth et al., 2002].
Of interest, the studies evaluating the histology in
apparently healthy individuals who had recovered
from acute hepatitis B have revealed that a mild
necroinflammation persists for many years after the
resolution of the acute hepatitis [Blackberg and Kidd-
Ljunggren, 2000; Yuki et al., 2003].

Other than reactivation due to disease-related or
therapeutically-induced conditions of strong immuno-
suppression, spontaneous reactivation of chronic
hepatitis B presenting as acute-on-chronic liver fail-
ure or acute exacerbation of hepatitis in individuals
chronically infected with HBV, in association with
subjective symptoms and abnormalities on liver func-
tion tests, has rarely been reported [Davis et al,
1984; Tong et al., 1987; Okuno et al., 1989; Fattovich

Fig. 1. Phylogenetic tree constructed according to the neigh-
bor-joining method based on the full-length genomic sequences
of 80 HBV isolates of genotype C (subgenotypes C1-C3), using a
genotype B HBV (D00328) as an outgroup. In addition to the
P1-090725 isolate obtained in the present study which is
indicated in bold type with a closed cirele for visual clarity, 79
reported HBV isolates of genotype C, including 76 subgenotype
C2 isolates and one isolate each of subgenotypes Cl and C3,
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whose entire genomic sequences were known, were included for
comparison. The accession numbers are shown, followed by the
name of the country in which the strain was isolated. W
denotes a wild-type HBV isolate without mutations in the core
promoter and precore region that can interfere with the
production of HBeAg. Bootstrap values of »>70% are indicated
for the nodes as a percentage obtained from 1,000 resampling
analyses of the data.
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Fig. 2. Phylogenetic tree constructed by the neighbor-joining
method based on the full-length genomic sequences of 42 HBV
isolates of genotype B (subgenotypes B1-B3), using a genotype
C HBV (AB033550) as an outgroup. In addition fo the P2-
120831, P2-121210, and P2-12i214 isolates obtained in the
present study, which are indicated in hold type with closed
boxes for visual clarity, 32 reported HBV isolates of genotype B,

et al, 1990; Gupta et al., 1990; Meyer and Duffy,
1993; Laskus et al, 1994; Zhang et al.,, 2014].
However, there have been no reports of spontaneous
reactivation in individuals with resolved or occult
HBYV infection, probably due to the rare occurrence of
reactivation in HBsAg-negative individuals with
Iatent HBV infection, even in cases in an immuno-
suppressed state. Therefore, the present report may
be the first to describe a spontaneous reactivation of
HBV in individuals with resolved or occult HBV
infection.

The risk of HBV reactivation has been reported to
be closely related to the level of immune suppression

J. Med. Virol. DOI 10.1002/jmv
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including 37 subgenotype B2 isclates and one each of subgeno-
types Bl and B3, whose entire genomic sequences were known,
were included for comparison. The accession nmmbers are
shown, followed by the namé of the country in which the strain
was isolated. Bootstrap values of >70% are indicated for the
nodes as a percentage obtained from 1,000 resampling analyses
of the data.

achieved, which changes significantly based on the
immunomodulatory agents used during the treatment
and the type of immunosuppressive drug(s) adminis-
tered {(steroids, traditional immunosuppressants or
biological agents). Stronger immunosuppression may
lead to increased viral replication; consequently, a
more severe clinical reactivation may occur
when immunosuppressive therapy is discontinued
[Perrillo, -2001). In the present study, no such immu-
nosuppressive agents had been administered to either
of the patients before HBV reactivation. ,
The most common causes of compromised immun-
ity that favor the development of tuberculosis are
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reported to be HIV/AIDS, malnutrition, aging, and
most recently, smoking and diabetes mellitus
[Restrepo and Schlesinger, 2014]. Bpontaneous reac-
tivation of HBV replication in an HIV-co-infected
patient with isolated anti-HBe antibodies has been
reported [Pei et al., 2014]. However, both patients
in the present study tested negative for anti-HIV
antibodies (Table II). Patient 1 had a history of
cerebral infarction (8 years ago) and underwent
coronary artery bypass grafting for coronary artery
stenosis (nine months before the reactivation). Pa-
tient 2 had a history of resection of esophageal
cancer (10 years ago) and an initial diagnosis of
diabetes mellitus 3 years before the reactivation,
and underwent resection of recurrent esophageal
cancer three months prior te the reactivation,
although no anticancer drugs were administered.
The patient was also malnourished, typified by low
levels of albumin (2.2g/dl) and total cholesterol
(72 mg/dl). Surgery has been shown to cause various
immunological disturbances [Lennard et al., 1985;
Szczesny et al., 2005]. Aging, cancer (hematological
malignancy and solid tumor), stress due to surgery,
malnufrition and lifestyle-related diseases, such as
arteriosclerosis and diabetes mellitns, may have
been the causes of the compromised immunity in
these two patients who experienced reactivation of
HBYV without the administration of immunosuppres-
sive drugs.

A variety of mutations in the HBV genomes are
known to be associated with their sensitivity to
antiviral therapy and the pathogenesis of liver dis-
eases [Kosaka et al,, 1991; Liang et al., 1991; Omata
et al., 1991; Sato et al,, 1995; Rodriguez et al., 2013;
Kim et al., 2014]. Predominant reactivation of G1896A;
variants has been observed frequently in HBsAg-
positive carriers who developed fatal viral reactivation
under immunosuppressive conditions [Steinberg et al.,
2000]. It has been reported recently that the clinical
course and outcome of patients with reactivation from
occult HBV infection results commonly in severe liver
dysfunction and fatal acute liver failure, with most
fatal cases predominantly containing G1826A precore
variants [Hui et al., 2006; Umemura et al,, 2008]. In
addition, wild-type or G1896A variants recovered from
patients with reactivation from occult HBV infection
have been characterized by low genetic heterogeneity
[Tnuzuka et al., 2014].

In the present study, a wild-type HBV without
genetic heterogeneity was recovered from Patient, 1
with spéntaneous reactivation from a resolved HBV
infection. It is unclear whether occult HBV carriers
with the G1896A precore variant have an increased
risk of developing HBV reactivation and fatal acute
liver failure [Inuzuka et al.,, 2014). However, the
favorable outcome after treatment with entecavir in
Patient 1, without the development of fatal liver
failure, may be ascribable to the reactivation of wild-
type HBV. Contrary to the report by Inuzuka et al.

[2014] G1896A mutants with marked genetic hetero-
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geneity, possessing a mixture of two nucleotides at 36
nucleotide positions, were isolated from the serum of
Patient 2 with spontaneous reactivation from oceult
HBYV infection. Exactly the same result was obtained
from the serum of the patient four days later,
confirming the reproducibility. Further studies are
needed to establish whether the nuclectide altera-
tions that emerged after reactivation (Table V) were
associated with the heightened replication ability of
the virus.

In conclusion, the present study indicated that
spontaneous reactivation of HBV can occur in elderly
patients with resolved or oceult HBV infection, and
suggests that aging, stress due to surgery, cancer
(hematological malignancies and solid tumers), mal-
nutrition and lifestyle-related diseases, such as arte-
riosclerosis and diabetes mellitus, may lead to
compromised immunity that can result in the sponta-
neous reactivation of latent HBV infection.
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Autochthonous Dengue Fever,
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After 70 years with no confirmed autochthonous cases of
dengue fever in Japan, 19 cases were reported during Au-
gust—-September 2014. Dengue virus serofype 1 was de-
tected in 18 patients. Phylogenetic analysis of the envelope
protein genome seqlience from 3 patients revealed 100%
- identity with the strain from the first patient (2014) in Japan.

lthough =200 imported cases of dengue fever have re-

cently been reported in Japan (7), an autochthonous
case had not been confirmed there for 70 years (2). How-
ever, on August 26, 2014, an autochthonous case of dengue
fever in a patient with no history of overseas travel was
reported in Tokyo, and as of October 31, 2014, a total of
160 autochthonous cases in Japan had been confirmed (3).

The Cases ‘

We report 19 cases of confirmed autochthonous dengue
fever treated at the National Center for Global Health
and Medicine in Tokyo, Japan, during August 26—
September 22, 2014 (Tables 1, 2; online Technical Ap-
pendix Table, hitp://wwwnc.cdc.gov/EID/article/21/3/14-
1662-Techappl.pdf). Because the Nationa! Center for
Global Health and Medicine is located close to the epi-
center of this outbreak, {9 (12%) of the 160 cases of this
outbreak were confirmed at this Center. Informed consent
for participation in this smdy was obtained from all 19 pa-
tients. Of these 19 patients, the median age was 33.0 years
(range 664 years), and 10 (55.6%) were men. None of the
patients had any underlying illness except for hyperten-
sion (2 patients) and asthma (1 patient). One patient had a

Author affiliations: National Center for Global Health and
Medicine, Tokyo, Japan (S. Kutsuna, Y. Kato, M. Ota, K.
Shinohara, T. Kobayashi, K. Yamamoto, Y. Fujiya, M. Mawatari,
T. Sato, J. Kunimatsu, N, Takeshita, K. Hayakawa, 5. Kanagawa,
N, Ohmagari); National Institute of Infectious Diseases, Tokyo
(M.L. Moi, A. Kataki, T. Takasaki)
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history of having contracted dengue fever while in the Phil-
ippines in 2006. None of the patients had traveled overseas
during the 3 months before the outbreak of dengue virus
type 1 (DENV-1) in Japan.

Places of exposures were assessed for all patients; 15
patients had recently visited Yoyogi Park and were bitten
by mosquitoes while there; the remaining 4 patients had
vigited Shinjuku Central Park, Meiji Jingn Shrine, Meiji-
ingu Gaien, and Ueno Park. All of these parks have been

reported as affected regions in this outbreak (3) (Figure 1).

The day of exposure was estimated for 9 patients for whom
the day of visitation and mosquito bites while in the parks
could be confirmed. Among these 9 patients, the median
incubation period was 6 (range 3-9) days. For the other 10
patients, the incubation period was not determined because
they had visited the parks over several days or because they
lived near these parks. The dates of symptom onset ranged
from August 12, 2014, through September 22, 2014; peak
incidence occurred in the beginning of September.

Of the 19 patients, 16 were admitted to the National
Center for Glebal Health and Medicine and discharged
without sequelae; the other 3 received outpatient treatment
and recovered. The patient with a history of dengue fever
(patient 19 in the online Technical Appendix Table) ex-
perienced fever lasting 7 days, pleural effusion, spontane-
ous petechiae, and thrombocytopenia (15 x 10° cells/uL on
day 8 after illness onset); dengue hemorrhagic fever was
diagnosed for this patient by using the World Health Orga-
nization guidelines (4). On the day of illness onset for this
patient, serum was positive for DENV nonstructural pro-
tein 1 (NS1) antigen and IgG but negative for DENV IgM.
These results demonstrated that this DENV infection was
secondary. Epidemiologic studies have also shown that the
risk for dengue hemorrhagic fever is significantly higher

Table 1. Clinical characteristics of 19 pafients with dengue fever,
Tokyo, Japan, August 26, 2014—September 22, 2014
Sign or symptom : ) Patients, no. (%)

Fever* 19 (100}
Headache 17 (89.5)
Arthralgia 7 (36.8)
Myalgia 7 (36.8)
Nausea 5(26.3)
Vomiting 2(10.5)
Diarrhea 1(6.3)
Rash at first visit 4(21.1)
Rash during course of iiness 15 (78.9)
Sore throat 2(10.5)
Cough 4(21.1)
Sputum 1(5.3)

*Median duration of fever >38°C =7 (range 4—11) days.
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Table 2. Laboratory findings for 19 patients with dengue fever, Tekyo, Japan, August 26, 2014-September 22, 2014

Laboratory finding at first visit

. Reference range

Patient median {interquartile range) '

Leukocytes, cells/mm?
Hematocrit, %

M 40-50, F 35-45

3,500-8,500 2,600 (2,385-3,540)

41.8 (38.5-42.9)

Platelets, x10%uL 150-350 115 (79-150)
Aspartate fransaminase, 1U/L 13-33 35 (22-41)
Alanine transaminase, [L/L 8-42 20 (1426}
Lactate dehydrogenase, [UL 119-229 227 (166-261)
C-reactive protein, mgfL 0-0.3 6.1 (2.2-16.1)

for patients with secondary rather than primary DENV in-
fection {5). '

Of the 19 cases, 18 were confirmed as DENV-1 infec-
tion by real-time PCR (TagMan; Life Technologies, Grand
Island, NY, USA) (6), and samples were positive for NS1
antigen (Platelia Dengue NS1 Antigen assay; Bio-Rad
Laboratories, Mames-la-Coquefte, France), The remain-
ing case (case 11) was confiimed positive for IgM and IgG
against DENV by dengue IgM ELISA (Focus Diagnostics,
Inc., Cypress, CA, USA) and dengue IgG ELISA (Vircell,
Granada, Spain}, respectively. The serotype of the DENV
in the other 18 patients was confirmed to be serotype 1. Nu-
cleotide sequences were determined by using BigDye Ter-
minator version 3.1 (Applied Biosystems, Foster City, CA,
USA). Phylogenetic analysis of the DENV envelope (E)
protein genome sequence obtained from serum from patient
2 (GenBank accession no. LC006123) demonstrated that
the E protein shared 100% homology with the sequence of
a DENV-1 strain from the first patient in this outbreak in
Japan (GenBank accession no. 1.C002828). The sequence
from patient 2 shared 99.7% identity with the sequence of a
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S5 B
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DENV strain isolated in Guangzhou, China, in 2013 (Gen-
Bank accession no. KJ545459) and 99.3% identity with the
sequence of a DENV sfrain isolated in Indonesia in 2010
(GenBank accession no. JN415489) (Figure 2). The se-
quence of the E protein from another 2 patients (patients 4
and 10) shared 100% homology with that of patient 2.

Conclusions

Qur results suggest that a single strain may have caused
most of the DENV cases in Tokyo. A similar outbreak of
dengue fever had been reported in Ningbo, China (68 cas-

“es) (7), and in Hawaii, USA. (122 cases) (8).

DENV is transmitted mainly through the bite of the
Aedes aegypti mosquito, which is distributed in tropical
and subtropical regions. In Japan, the distribution of Ae.
aegypti mosquitoes is limited, and as of 2013, these mos-
quitoes had been found only at the Narita International
Airport (9), which is located ~60 km from the site of the
DENV outbreak in Tokyo. In contrast, the distribution
of Ae. Albopictus mosquitoes, another vector of DENV,
extends from western regions to northern regions of

Figure 1. Locations of
presumptive exposure to
dengue virus mosquito vectors
for 19 patients, Tokyo, Japan,

f August 26-September 22, 2014,
+ Numbers in circles indicate
numbers of cases contracted at
; each location. ’
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Japan, including Tokyo. Ae. albopictus mosquitoes are
also expanding into the northern regions of the main is-
land because of global warming (/). Tokyo is one of the
most heavily populated cities in the world, and Yoyogi
Park is located at the center of the Shinjuku-Shibuya area
in Tokyo.

The population density of Ae. albopicius mosquitoes
in Tokyo is higher than that in suburban areas (/7). If is
possible that high human and mosquito population densi-
ties contributed to this outbreak. All 19 patients had been
bitten by a mosquito while in Tokyo, mainly in Yoyogi
Park, where most of the 160 patients with autochthonous
dengue cases had also been (/2).

Japan 2014 NID14-106 sirain <A l
JLco028268 Japan 2034
KJ545459 China 2013
JNA15480 Indonesla 2010
EU48396 Singapore 2005
EUD65E21 Singapore 2004
100 | EU059623 Singapore 2004
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AB111066 Thallend 2001
JFO67858 Vistnam
HAL181953 Vielnam 2007
JFE3TE18 Vietnam 2002
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AY153765 Costa Ribe 1933
AF425631 Trinidad 2nd Tobago 1978
AF226585 Brazil 1000
AF513110 Brazil 2001
AF311956 Brazit 1997
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EAHZSS?S Thailand 1963
010513 Thailend 1954
AB139120 Indonesia 19538
ABT11870 Tahin 2001
AB189121 Indonesia 1988
AB111075 Indonesia2002
100 _{ PO0502 Thaitind 1980
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AY422778 Philppines 2002
AYA22781 Philippinas 2002
AY422785 Phrillppines $939
AY422777 Philippines 2001
AYSER58] Indonesia 2004
AYAZ2784 Philippines 1995
AYA22779 Phillppines 2002
AY422743 Philippines 2002
AKYA&22780 Philippines 2002

Génobpe

s

Ganulypa ¥

B mm—

] Genayps it eyt

] Genagpe 1

Gonatype 1V

JFasI08E DENVS
AB111454 DENV2 ’
AB219137 DENVS

o]
By

| ey |
0.5

Figure 2. Phylogenetic analysis of a dengue virus (DENV)
sequence derived from a patient with confirmed autochthonous
dengue fever (patient 2), Tokyo, Japan, contracted during
August 26-September 22, 2014, Phylogenetic tres is based

on the envelope protein genome sequence of selected dengue
virus type-1 {DENV-1) strains. DENV-2, DENV-3, and DENV-4
serotypes were used as outgroups. Percentages of successful
bootstrap replication are indicated at the nodes, DENV-1
genotypes are indicated on the right. The DENV-1 National
Institute of Infectious Diseases (NID) strain 14-106 (GenBank
accessian no. LC006123) Is Indicated with an arrowhead. Virus
strains are indicated by GenBank accession number, place,
and date of iselation, Scale bar indicates number of nucleotide
substituticns per site,
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Recently, a case of dengue fever imported to England
from Japan was found to be associated with this outbreak
(13). Previous investigators speculated that the virus may
have been spread from infected visitors by mosquitoes in
the park (/3). The outbreak, however, coincides with a
period during which several tropical-themed festivals and
activities were hosted, July—August 2014. These activities
attracted a high number of local and international visitors
to the park.

Before this 2014 outbreak, dengue fever was diag-
nosed for a German traveler who had retumed from Japan
in 2013 (14). Neutralization tests confirmed that the trav-
eler’s infection was caused by DENV-2. She was reported-
ly bitten by mosquitoes when in Fuefuki, but she had also
traveled to Tokyo and Kyoto during her trip to Japan. No
local DENV cases were reported in 2013, although cases
may have been underreported because of the lack of local
dengue ontbreaks in Japan for the past 70 years.

Because adult Ae. albopictus mosquitoes cannot sur-
vive the winter in Japan, only eggs overwinter (/5). Thus,
the outbreak of autochthonous dengue fever is expected to
end as mosquito activity decreases during autumn. The Jap-
anese government is currently strengthening vector control
measures and increasing awareness among residents to pre-
vent similar outbreaks.

This work was partly supported by funding from the Research on
Emerging and Re-emerging Infectious Diseases grant by

the Ministry of Health, Labour and Welfare, Japan (H24-
shinkou-ippan-013 and H26-shinkou-jitsuyouka-007). The
funders had no role in the study’s design, data collection, data
analysis, decision to publish, or preparation of the manuseript.

Dr. Kustuna is a medical doctor at the National Center for Global
Health and Medicine, Disease Control Prevention Center. His pri-
marily research interest is tropical infectious diseases.
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Potential Sexual Transmission ofAZika Virus

Didier Musso, Claudine Roche, Emilie Robin, Tuxuan Nhan, Anita Teissier, Van-Mai Cao-Lormeau

In December 2013, during & Zika virus (ZIKV) outbreak in
French Polynesia, a patient in Tahiti sought freatment for
hematospermia, and ZIKV was isolated from his semen.
ZIKV {ransmission by sexual intercourse has been previ-
ously suspected. This observation supports the possibility
that ZIKV could be transmitted sexually.

ika virus (ZIKV) is a mosquitoborne arbovirus in the

family Flaviviridae, genus Flavivirus. 1t was first iso-
lated in 1947 from a rhesus monkey in the Zika forest of
Uganda (7). Sporadic human cases were reported from the
1960s in Asia and Africa. The first reported large outbreak
occurred in 2007 on Yap Island, Federated States of Micro-
nesia (2). The largest known ZTKV outbreak reported start-
ed in October 2013 in French Polynesia, South Pacific (3),
a territory of France comprising 67 inhabited islands; an
estimated 28,000 persons (11% of the population) sought
medical care for the illness (4). The most commen symp-
toms of Zika fever are rash, fever, arthralgia, and conjuncti-
vitis. Most of the patients had miid disease, but severe neu-
rologic complications have been described in other patients
in French Polynesia (5).

The Study

In early December 2013, during the ZIKV outbreak, a
44-year-old man in Tahiti had symptoms of ZIKV infec-
tion: asthenia, low grade fever (temperature from 37.5°C to
38°C) and arthralgia. Symptoms lasted 3 days. Eight weeks
later, he described a second episode of symploms compati-
ble with ZIKV infection: temperature from 37.5°C to 38°C,
headache on days 1-3, and wrist arthralgia on days 5-7.
The patient did not 3eek treatment, thus biblogical samples
were not collected during the first 2 periods of illness, The
patient fully recovered from the second episode, but 2
weeks later he noted signs of hematosperniia and sought
treatment. Because the patient had experienced symptoms
of ZIKV infection some weeks before, he was referred to

our laboratory in the Institut Louis Malardé, Papeete, Ta-

hiti for ZIKV- infection diagnostic testing. The medical
questionnaire revealed no signs of urinary tract infection,
prostatitis, urethritis, or cystitis, and the patient stated that
he did not had any recent physical contact with persons
who had acute ZIKV infection. We collected blood and se-
men samples. Direct and macroscopic examinations of the

Author affiliation: Institut Louis Malardé, Papeete, Tahiti, French
Polynesia
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semen confirmed hematospermia. We extracted RNA us-
ing the NucliSENS easyMAG system (bioMérieux, Marcy
I’Etoile, France) from 200 L of blood and from 500 plL
of semen and urine; both were eluted by 50 pL of elution
buffer. We used 5 pL of RNA extracted for amplification.
We tested blood and semen RNA extracts using real-time
reverse transcription PCR ({RT-PCR) as described using
2 primers/probe amplification sets specific for ZIKV (3).
The rRT-PCR results were positive for ZIKV in semen
and negative in blood, and confirmed by sequencing of
the genomic position 858-1138 encompassing the prM/E
protein coding regions of ZIKV. The generated sequence
(GenBank accession no. KM014700) was identical 1o those
previously reported at the beginning of the ZIKV outbreak
(3). Three days later, we collected a urine sample, then a
second set of blood and semen samples. Semen and urine
from this second collection were not found to contain trac-
¢s of blood by both direct and macroscopic examinations.
FRT-PCR detected ZIKCV RNA in the semen and urine, but
not in the blood sample.

We quantified ZIKV RNA loads using an RNA syn-
thetic transcript standard that covers the region targeted
by the 2 primers/probe sets. RNA loads were: 2.9 x 107
copies/mL and 1.1 x 107 copies/mL in the first and second
semen samples, respectively, and 3.8 x 10° copies/mL in
the urine sample.

We cultured semen and urine as described for den-
gue virus cultured {rom urine (6). Briefly, 200 pL of each
sample diluted in 200 pL of 1% fetal calf serum (FCS)
minimum essential medium (MEM) were inoculated
onto Vero cells and incubated for 1 h at 37°C; inoculum
was then removed and replaced by 1 mL of culture me-
dium. We also inoculated a negative contro} (200 pL of
1% FCS-MEM) and a positive control (5 L of a ZIKV-
positive serum diluted in 200 pL of 1% FCS-MEM). The
cells were then, incubated at. 37°C in 5% CO, for 6 days.
The presence of ZIKV in the culture fluids was. detected
by rRT-PCR as described.

Replicative ZIKV particles were found in the 2 semen
samples but none were detected in the urine sample, This
finding does not exclude the possibility that ZIKV particles
were present in urine. Positive samples were not titered.

Conclusions

The ZIKV natural transmission cycle involves mosquitoes,
especially Aedes spp. (7), but perinatal transmission (8)
and potential risk for transfusion-transmitted ZIKV infec-
tions has also been demonstrated (9). Moreover, ZIKV
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transmission by sexual intercourse has been suggested by
Foy et al. (10), who described a patient who was infected
with ZIKV in southeastern Senegal.in 2008, After return-
ing to his home in Colorado, United States, he experienced
coimmon symptoms of ZIKV infection and symptoms of
prostatitis, Four days later, he observed signs of hemato-
spermia, and on the same day, his wife had symptoms of
ZIKV infection. Because the wife of the patient had not
traveled out of the United States during the previous year
and had sexual intercourse with him 1 day after he returned
home, transmission by semen was suggested. ZIKV infec-
tion of the patient and his wife was confirmed by serologic
testing, but the presence of ZIKV in the semen of the pa-
tient was not investigated.

Infectious organisms, especially sexually transmitted
microorganisms including viruses (human papillomavirus
or herpes simplex virus), are known to be etiologic agents
of hematospermia (/7). To our knowledge, before the re-
port of Foy et al. (70) and this study, arbovirus infections in
humans had not been reported to be associated with hema-
tospermia, and no arboviruses had been isolated from hu-
man semen.

We detected a high ZIKV RNA load and replicative
ZIKV in semen samples, but ZIKV remained undetect-
able by rRT-PCR in the blood sample collected at the same
time. These results suggest that viral replication may have
occurred in the genital tract, but we do not know when this
replication started and how long it lasted. The fact that the
patient had no common symploms of ZIKV acute infection
concomitantly to hematospermia suggests that the viremic
phase occurred upstream, probably during the first or sec-
ond episode of mild fever, headache, and arthralgia.

The detection of ZIK.V in both urine and semen is con-
sistent with the results obtained in a study of effects of Jap-
anese encephalitis virus, another flavivirus, on boars. The
yirus was isolated from urine and semen of experimentally
infected animals, and viremia developed in female boars
that artificially inseminated with the infectious semen (72).

Flaviviruses have also been detected in urine of per-
song nfected with West Nile virus (WNV). WNV RNA
was detected in urine for a longet time and with higher
RNA load than in plasma (/3). WNV antigens were de-
tected in renal tubular epithelial cells, vascular endothelial
cells, and macrophages of kidneys from infected hamsters
(14), suggesting that persistent shedding of WNV in urine
was caused by viral replication in renal tissue. Dengue vi-
rus (DENV) RNA and DENV nonstructural protein 1 an-
tigen were also detected in urine samples for a longer time
than in blood, but infectious DENV has not been isolated
in culture. Hirayama et al. concluded that the detection of
DENV by rRT-PCR was useful to confirm DENV infec-
tions after the viremic phase (6). Also, yellow fever virus
RNA was isolated from the urine of vaccinated persons
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(15), and Saint Louis encephalitis viral antigens, but not
infective virus, have been detected in urine samples from
infected patients (/0).

Our findings support the hypothesis that ZIKV can be
transmitted by sexual intercourse, Furthermore, the obser-
vation that ZIKV RNA was detectable in urine after viremia
clearance in blood suggests that, as found for DENV and
WNV infections, urine samples can yield evidence of ZIKV
for late diagnosis, but more investigation is needed.

We obtained written informed consent from the patient for
publication of this report, and publication of data related to
ZIKV infections have been approved by the Ethics Committee of
French Polynesia under reference 66/CEPY,

Dr, Musso is a medical doctor and director of the Diagnosis
Medical Laboratory and the Unit of Emerging Infectious Dis-
eases of the Institut Louis Malurdé, Papeete, Tahiti, French Poly-
nesia. His research programs target endemic infectious diseases,
especially arbovirus infections, leptospirosis, tuberculosis, and
lymphatic filariasis.
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Clinical and serologic evidence indicate that 2 American scientists contracted Zika virus infections while
working in Senegal in 2008. One of the sclentists transmitted this arbovirus to his wife after his return
home. Direct contact is implicated as the transmission route, most likely as a sexually transmitted

infection.

Zika virus (ZIKV), a mosquito-transmitted flavivirus, has been isolated from sentinel
monkeys, mosquitoes, and sick persons in Africa and Southeast Asia (1,2). Serologic surveys
indicate that ZIK'V infections can be relatively common among persons in southeastern Senegal
and other areas of Africa, but that ZIK V-associated disease may be underreported or
_ misdiagnosed. In 2007, a large outbreak of ZIKV infection occurred on Yap Island in the
southwestemn Pacific that infected #70% of the island’s inhabitants (3), which highlighted this
virus as an emerging pathogen. The purpose of this study was to investigate and report 3 unusual

cases of arboviral disease that occurred in Colorado in 2008.
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The Study

Two American scientists (patients 1 and 2) lived and worked in the village of Bandafassi
in southeastern Senegal in August 2008, while performing a mosquito-sampling project in
surrounding villages. Patients 1 and 2 were men (36 and 27 years of age, respectively), and both
had received the yellow fever 17D vaccine before their trave] to Senegal. During their project,
both patients reported being bitten often by wild Aedes spp. mosquitoes in the evenings while
they worked. Patients 1 and 2 left Bandafassi on August 21, stayed in Dakar for 2 days, and then
returned to their homes in northern Colorado on August 24. Both patients became ill 6-9 days

after their return.

Symptoms in ﬁatient 1 began on Augﬁst 30 and consisted of swollen ankles, a
maculopapular rash on his torso, and extreme fatigue aﬁd headache, but no fever was recorded.
On August 31, he experienced the same symptoms and light-headedness and chills, wrist and
ankle arthalgia, and symptoms of prostatitis (perineal pain and mild dysuria). However, he
remained afebrile. Fatigue and rash decreased on September 1; only residual wrist arthralgia,
headache, aid prostatic symptoms persisted. On September 2, two aphthous ulcers appeared on
his lip. On September 3, he and his wife observed signs of hematospermia (red—brown fluid in
his ejaculate) that lasted until September 7. Patient 2 experienced his symptoms during August
29-September 1, which included a maculopapular rash on his torso, extreme fatigue, headache,
and swelling and arthralgia in his wrists, knees, and ankles. However, symptoms of prostatitis or
hematospermia did not devlop. Acute-phase blood samples were obtained from both patients on

September 2.

In patient 3 (a nurse and the wife of patient 1) similar clinical symptoms developed on
September 3, including malaise, chills, extreme headache, photophobia, and muscle pain that
continued through September 6. She did not have detectable fever. On September 7, a
maculopapular rash developed on her torso (Figure) that expanded to her neck and thighs on the
following day, and an aphthous ulcer developed on her inside lip. On September 8, arthralgia in
her wrists and thumbs and conjunctivitis developed. Her acute symptoms waned over the next
several days. Patient 3 had an acute-phase blood sample drawn on September 8. On September
11, she visited her primary care physician, who performed a complete blood count test and

studies of hepatic function; all results were within reference ranges. Patient 2 reported wrist
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arthralgia for 1 month after his acute illness, and patients 1 and 3 have had recuiring wrist or
thumb joint arthralgia since their acute illness. Convalescent-phase blood samples were drawn on

September 22 from patients 1 and 2 and on September 26 from patient 3.

Acute-phase and convalescent-phase paired serum specimens from the 3 patients were
tested independently by several different laboratories. Results of virus isolation were negative for
all samples when tested in Vero and Aedes albopictus mosquito (C6/36) cell cultures and by
intracerebral inoculation of acute-phase serum of patient 3 into suckling mice. Likewise, reverse
transcriptase—PCRs with 16 different sets of arbovirus-specific primers did not detect arboviral
RNA. in any of the samples. Serologic analyses (Appendix Table) of samples from patients 1 and
2 showed matching results. Hemagglutination inhibition antibody titers and virus neutralizing
titers were highly elevated above background levels for ZIKV and yellow fever virus (YFV)
compared with other viruses tested. These titers most often increased in the time between
.obtaining acute-phase and convalescent-phase serum samples. Complement fixation tests against
ZIKV and YFV antigens confirmed these interpretations. Hemagglutination inhibition,
complement fixation, and virus neutralizing titers against ZIKV alone developed only in the

convalescent-phase sample of patient 3,

Conclusions

Evidence suggests that patients 1 and 2 were infected with ZIKV, probably in
southeastern Senegal, by bites from infected mosquitoes. The village of Bandafassi is located in
a disease-endemic area where ZIKV has been isolated from humans, nonhuman primates, and
mosquitoés (4,5). Serologic results suggest an anamnestic response to ZIKV infection, likely
stemming from their vaccination with YFV. The time between infection and the onset of clinical
manifestations can be inferred to be >9 days, given the patients® travel history. Their clinical
symptoms are consistent with reported symptoms of ZIKV-associated disease (3,6-9).
Exceptions are aphthous ulcers in patient 1 (also reported by patient 3}, prostatitis, and
hematospermia. Whether these exceptions are fypical but unreported symptoms or clinica]

anomalies is not clear.
Results also support ZIKV transmission from patient 1 to patient 3. Patient 3 had never
traveled to Africa or Asia and had not left the United States since 2007. ZIKV has never been
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reported in the Western Hemisphere. Circumstantial evidence suggests direct person-to-person,
possibly sexual, transmission of the virus. Temperatures and mosquito fauna on the northern
Front Range iﬁ Colorado when transmission occurred do not match known mosquito
transmission dynamics of ZIKV by tropical Aedes species. Patient 3 had ZIKV disease 9 days
after the return of her husband from Senegé]. However, the extrinsic incubation period of ZIKV
in Ae. aegypti mosquitoes was >15 days at 22°C—26°C (J0). Area temperatures during the week
of return of patient 1 fluctuated between 10°C and 31°C, only Ae. vexans mosquitoes of the
subgenus Aedimorphus are commonly captured on the northern Colorado Front Range, and
known tropical ZIKV vectors are mostly from the subgenus Stegomym (4). Mosquito sampling
around the home of patlents 1 and 3 at the tlme y1elded only 7 Ae vexans mosquitces and 11

other mosquitoes of the Culex and Culiseta genera.

Furthermore, patients 1 and 3 reported having vaginal sexual intercourse in the days after
patient 1 returned home but before the onsef of his clinical illness. It is reasonable to suspect that
infected semen may have passed from patient ! to patierit 3 during coitus. Another possibility is
that direct contact and exchange of other bodily fluids, such as saliva, could have resulted in
ZIKV transmission, but illness did not develop in the 4 children of patients 1 and 3 during this
time. '

To the best of our knowledge, human sexual transmission of an arbovirus has not been
documented. However, Japanese encephalitis virus was discharged into the semen of
expeﬁmentally infected boars and could infect female pigs by artificial insemination (17).
Furthermore, West Nile virus RNA and St. Louis encephalitis viriss antigen have been detected
in urine of humans (J2,13), and viruria-has occurred in hamsters infected with West Nile virus
(14) and Modoc virus (/5). If sexual transmission could be verified in subsequent studies, this
would have major implications toward the epidemiology of ZIKV and possibly other arthropod-
borne flaviviruses.

This study was supported by grant-A1079528 and contract N01-AI-25489 from the US National Institutes
of Allergy and Infectious Diseases.

Dr Foy is an associate professor of vector biology in the Arthropod-borne and Infectious Diseases
Laboratory, Department of Microbiology, Immunology and Pathology, Colorado State University, Fort Collins. His

research interests are arboviruses and parasites transmitted by mosquitoes.
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Figure. Maculopapular rash on patient 3 infected with Zika virus, Colorado, USA.
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Appendix Table. Serologic results for 3 patients in whom symptoms of arboviral illness devetoped, northern Colorade, USA, 2008*

Serum’ Virusesiviral antigens tested

sample  GETV  CHIKV SINV  ZIKV DENVT DENV2 DENV3 DENV4  YFV  WNV UGSV SLEV TAHV JCV

LACY
Hemagglutination inhibition test -
Pt1a 0 0 NT 5,120 2,560 640 2,560 2,560 5120 2,580 - 1,280 NT 0 NT NT
Pttec ] 0 NT 5,120 1,280 320 1,280 1,280 25660 1280 1280 NT 0 NT NT
Pt2a 0 0 NT 1,280 160 B0 320 320 1,280 160 160 NT 0 NT NT
Pt2c 0 0 NT 2,560 160 80 320 - . 320 1,280 160 160 NT 0 NT NT
Pt3a 0 0 NT 0 0 0 0 0 0 0 0 NT 0 NT NT
Pt3e 0 0 NT 320 0 0 0 0 0 0 0 NT 0 NT NT
Plaque-reduction neutralization test ’
Ptia NT <10 <10 10,240 80 1,280 320 160  »20480 <10  NT 80 <10 NT NT
Plic NT NT NT 240,960 160 230 320 320 240,960 160 NT NT NT NT NT
Pt2a NT NT NT 10,240 <20 a0 80 40 5,120 NT NT NT NT NT NT
Pt2c . NT NT NT 40,960 80° 160 160 160 20,480 80 NT NT  °NT NT NT"
Pi3a NT NT NT 10 <10 <10 <10 <10 <10 <10 NT <10 NT <i0 <10
Pt3c NT NT NT 1,280 <10 <10 <10 <10 <10 <10 NT NT NT NT NT
Complement fixation test
Pt1a NT NT NT 64/8 NT NT NT NT 64/8 NT NT NT NT NT NT
Ptic NT NT NT  128/32 NT NT NT NT 64/8 NT NT NT NT NT NT
Pt2a NT NT NT 16/8 NT NT NT NT 16/8 NT NT NT NT NT NT
Pt2e NT NT NT 32132 NT NT NT NT 16/8 NT NT NT NT NT NT
Pt3a NT NT NT 0 NT NT NT NT Q NT NT NT NT NT NT
Ptac NT NT NT 16/8 NT NT NT NT 0 NT NT NT NT . NT NT

"Alphaviridae: GETV, Getah virus; CHIKV, chikungunya virus; SINV,
Nile virus; UGSV, Uganda S virus; SLEV, St, Louis ence

3, patients 1, 2, and 3, respectively; a and ¢, acute-phase and convalescent-phase serum samples, respectively; NT, not tested, Hemagglutination test, numbers are
‘reciprocal of serum dilution inhibiting 4 units of antigen; 0 = negative reaction at a 1:20 dilution. Pla

fiters with a 90% cutoff value: titers 2 positive control serum samples are indicated in boldface. Complement fixation lests, numbers refer io recipracal of serum
titer/repicocal of the antigen titer; 0, negative reaction at <8/<8,
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Sexual and Mother-to-Child
. Transmission of Ebola Virus in
the Postconvalescent Period

To Tue Emitor—During the exponential
phase of the current Ebola epidemic in
West Africa, public health and infection
control guidelines are necessarily being
developed in real time using available
evidence. This means making recom-
mendations using data from previous
smaller outbreaks of Ebola or other viral
hemorrhagic fevers, and from selected
patients who may not be representative
of outbreak populations. We consider
the evidence base for recommendations
in the postconvalescent period and impli-
cations for infection control.

JRC2015T-012

Ebola virus has been detected in semen
[1-5], vaginal secretions [2], and breast
milk [5] after patients no longer have de-
tectable virus in other bodily fluids, such
as blood, feces, and vomitus. The most
likely explanation for viral persistence
{eg, in testes, mammary glands) is that
these are immunologically protected sites
with delayed viral clearance.

The World Health Organization rec-
ommends using condoms during any
sexual intercourse for 3 months after
onset of sympfoms. Yet, our understand-
ing about the frequency and duration of,
and risk associated with, viral persistence
in semen is limited to findings from just
12 patients and for vaginal samples to just
1 patient (Table 1). Viral persistence has
been shown up to 101 days for semen and
33 days for vaginal samples, without later
samples in these individuals. However,
no study with sufficient samiple size has
systematically tested consecutive uro-
genital samples over an extended time
period. There is currently no specific guid-
ance on breastfeeding for convalescing
patients. Ebola virus has been detected
in breast milk at 15 days after disease

Table 1.
Milk in the Postconvalescent Period

Cases With Documented Ebola Virus in Vaginal Secretions, Semen, and Breast

Latest Day-After Earliest Day After
Sample Disease Onset:.  Disease Onset:
Patient Type Positive Sample  Negative Sample Assay Reference
1 Semen 61 76 Guinea pig Edmond etal [1]
infgbtive
units
2 Vaginal 33 Not done RT-PCR Rodriguez et al [2}
3 Sémen 82 704 RT-PCR Rodriguez et al [2}
4 Semen 101 Not dore RT-PCR Rodriguez et al [2]
5 Semen 97 700 RT-PCR Rodriguez et al [2]
6 Semen 63 707 RT-PCR Rodriguez et al [2]
7 Semen 82 697 RT-PCR Rowe et al [3]
8 Semen 91 Not done RT-PCR Rowe et al [3]
9 Sermen 63 o7 RT-PCR Rowe et al [3]
10 Semen 63 701 RT-PCR Rowe et al [3]
11 Semen - 62 Not doner RT-PCR . 'Rowa et al 13]
12 Sernen 19 Not done Not stated  Richards et al [4]
13 Semen 40 45 RT-PCR Bausch et al [5]
14 Breast milk 5. Not done RT-PCR Bausch et al {5]

Abbreviation: RT-PCR, reverse transcription polymerase chain reagtion.
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onset in 1 lactating woman (again
without later samples) {5]. If safe alterna-
tives exist, Centers for Disease Control
and Prevention guidance states that
mothers should avoid breastfeeding, but
risks of not breastfeeding must also be
considered,

There are no definitive data on which
to base advice on safe resumption of
breastfeeding. The transmission probabil-
ities (including viral load), duration of
risk, and differences in host immune re-
sponse have not been quantified. If it
occurs, the population attributable frac-
tion (PAF) for sexual transmission of
Ebola during convalescence may be low,
given the physical toll of illness and
associated stigma. The PAF for breast-
feeding, especially in settings where this
is a main source of infant nutrition,
may be higher.

Given the scale of the current epidemic,
the increasing numbers of survivors, and
the possibility that transmission may be
sustained within family settings through
these routes, well-designed studies on per-
sistence of Ebola virus in semen, vaginal
secretions, and breast milk are urgently
needed. These will inform appropriate pub-
lic health messages to interrupt transmis-
sion during the postconvalescent period
and provide robust parameters for mathe-
matical models of the transmission dyna-
mics of Ebola for epidemic projections.
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Probable Crimean-Congo hemorrhagic fever virus transmission @CmsMark

occurred after aerosol-generating medical procedures in Russia:
nosocomial cluster '

Natalia Yurievna Pshenichnaya®, Svetlana Alexeevna Nenadskaya

Rostov State Medical University, Rostov-on-Don, Russia

ARTICLE INFOQ . SUMMARY

Article histary: We report here a fatal case of laboratory confirmed Crimean-Congo hemorrhagic fever (CCHF), which

Received 6 October 2014 caused nosocomial infection in eight health care workers (HCWSs), wha had provided medical care for the

Received in revised form 21 December 2014 patient. All the HCWs survived.

Accepted 23 December 2014 The report demonstrates that airborne transmission of CCHF is a real risk, at least when the CCHF

Cotresponding Editor: Eskild Petersen, patientis in a ventilator. During performance of any aerosol-generating medical procedures for any CCHF

Aarhus, Denmark patient airborne precautions should always be added to standard precautions, in particular, airway
protective N95 mask or equivalent standard, eye protection, single airborne precaution roam, ora well-

Keywords: ventilated setting.

Crimean-Congo hemorrhagic fever © 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

“950“’“’“31 cluster : This is an open access article under the CC BY-NC-ND license (http:/jcreativecommons.orgflicensesby-

airborne transmission : ne-ndj4.0f).

6 nosecomial CCHF cases among HCWs were recorded in the

1. Introduction : Stavropol region_g
. . In May 2011 a nosocomial cluster was registered among eight
Human cases of Crimean-Congo hemorrhagic fever (CCHF)  Hcws who had provided medical care for a patient with CCHF in
most frequently occur among agriculturat workers or inhabitants  ¢he central district hospital in Salsk district of the Rostov region.
of rural areas after bites of infected Hyalornma ticks or direct  The peculiarity of this cluster was that not only the direct but also
contact with ticks, for instance, by removing ticks by unprotected  ajrborne transmission of CCHF probably took place. The cluster was
hands, and more rarely among slaughterhouse workers exposed to  described in an official letter of Federal Service for Surveillance on
the blood and tissues of infectéd livestock and medical personnel Consumer Rights Protection and Wellbeing of the Russian

through contact with the body fluids of infected patients.’™* Federation (Rospotrebnadzor)'® and mentioned in a number of
The South-Western regions of Russne! {Astrakhan.' Rostov and publications in Russian 81712
Volgograd, Krasnodar and Stavropol regions, Kalmykia, Dagestan A nosocomial CCHF cluster with possible airborne transmission

and Ingushetia Republics) are endemic for CCHF.>® 1,654 CCHF  has not been described previously; its description is provided
cases with 73 fatalities (CFR 4,4%) were recorded from 1999 to  pelow according to Russian sources.*'*~'2 We also took part in the
5013.7 More than 400 cases of CCHF were diagnosed in the Rostov inpvestigation of this cluster and treatment of patients.
region alone from 2000 to 2013,
Nosocomial cases of CCHF among health workers (HCWS) in 1.1, mdex case
Russia are rare, and are connected with direct contact between
infected blood and unprotected skin or eye mucosa. In the Rostov A 23-year-old pregnant woman (22 weeks of pregnancy) was
region nosocomial cases were reported in 1961 (1 person), 1966 admitted to the infectious diseases department of the central
(2 persons) and in 1999 (5 persons)®; isolated cases havealsobeen  gistrict hospital in the Salsk district of the Rostov region on & May
identified in 2003, 2006 and 2007. Between 1999 and 2005 2011 (1st day of illness) with initial suspicion of influenza-like
illnesses (1L1) and pyelonephritis. She lived in a rural area endemic
—_— for CCHF, and denied any tick bites or contacts with ticks within the
* Corresponding author. - ) 7 weeks before onset of the disease. She was on a countryside
E-mail addresses: pshenichnaya.natalia@gmail.com, o R
natalia-pshenichnaya@yandex.ru (N.Y. Pshenichnaya).. ¢ picnic 2 3 days before the debut of symptoms. An X-ray

http:/{dx.doi.org/10.1016/.ijid 2014.12.047 '
1201-8712{® 2015 The Authors, Published by Elsevier Ltd on behaif of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http:f {creativecummons.org,llicenses,lby-nc-nd/‘}.o)‘).
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examination showed a left-side lobar pneumonia, and protein-
uria and leukocyturia were found. Urine culture tests were not
performed. The patient was started on antibiotics and symp-
tomatic therapy. On the 8th of May she became hypoxic and
needed nasal oxygen. Increased bleeding from the catheter and
hematomas in places of intramuscular injections were observed
May 8-9.

CCHF was clinically diagnosed and laboratory confirmed by PCR
and anti-CCHF specific IgM both being positive on the 5th day of
disease (May 9, 2011). Ribavirin was not administered to the
patient because of the pregnancy, anemia (Hb below 10 g/dl) and
late stage of the disease, The patient's condition started to
deteriorate from May 10 and she developed severe double sided
pneumaonia, hematemesis, hemoptysis, metrostaxis, and haemor-
rhage from the subclaviar catheter.

The patient continued to receive antibiotics, plasma, thrombo-
cyte concentrates, erythrocyte concentrates and other support
therapy. The patient also received mucolytics and broncholytics
through compression inhaler NEBULFLAEM on May 9-10. During
this period of time she was not on ventilation. Due to a low oxygen
saturation the patient was intubated on May 10 and mechanically
ventilated until her death on May 11, 2011. (7th day of illness), -

During the medical care of the patient 3 physicians, 4 nurses
and 1 hospital attendant contracted CCHF. All 8 HCWs developed
CCHF between May 12 and May 15, 2011 and were hospitalized
between May 14-16, 2011 with influenza-like illnesses (ILI} and
suspicion of CCHF. All patients had fever (38—39.5°C), fatigue,
headache, chills, body aches; 3 persons had hemorrhages at the site
of injection; 2 persons had sore throat. CCHF was confirmed by RT-
PCR and serological assays {anti-CCHF specific IgM ELISA in high
titers 1/1800-1/6400) in all 8 cases.

More information about secondary cases is provided below.

Secondary cases:

#1. Nurse from infectious diseases department, who performed
intravenous injections through a catheter, and monitored
inhalation use hourly;

#2. Nurse from the infectious diseases department, who
assisted in central venous catheterization, performed intrave-
nous injections through a ¢atheter, and monitored inhalation
use hourly;

#3. Nurse from the intensive care unit (ICU} department, who
installed the equipment for artificial Tung ventilation {ALV)
within a 20 minute period. She had no direct or potential
indirect contact with the patient’s body or her biological fluids,
and did not participate in inhalation or ventilation of the
patient;

#4. Hospital attendant frorn the infectious diseases department,
who performed change of linen, cleaning room, and disinfection
of the bedpan;

#5. Anesthetist from the ICU, who was in the ICU ward not more
than 10 min, while the patient was in the ventilator. She had no
direct or potential indirect contact with the patient or her
biological fluids, and did not participate in inhalation or
ventilation of the patient;

#6. Clinician from the infectious diseases department who
attended the patient, doing rounds when she was in the
ventilator. This physician also treated 2 more CCHF patients at
the same time,

#7. Anesthesiologist from the ICU who took care of the
ventilator treatment (ALV) of the patient in ICU;

#8. Obstetrician from the gynecology department who exam-
ined the patient from the first day of admission to the hospital
until the death of the index patient. :

All HCWs survived.

89

2. Discussion

Epidemiological investigation established that ail HCWs
worked in the patient’s rocm during potential exposure period
without goggles and particulate respirator, and used only gloves,
disposable surgical masks and gowns. This set of personal
protective equipment (PPE) does not protect skin, conjunctiva
and upper respiratory tract against aerosals which could contain
the particles of sputum streaked with infected blood, from the
patient, who throughout her stay in the hospital was located in an
isolation room without negative pressure. We cannot exclude that
HCWSs (#1,#2, #4,#46-8), who had direct contact with body or
biological fluids of the patient, could have used their PPE in an
inappropriate manner, for example, incorrectly put on andfor
taken off their PPE. But 2 HCWs (#3 and #5) had no direct or
indirect contact with body or fluids of the patients and also used
the above mentioned PPE. Only 3 HCWSs (#1, #2 and #7) in this
cluster were directly involved in the performance of the aerosol-
generating procedures {inhalation, intubation, ventilation); the
other 5 HCWs provided medical care for the patient or supervised
the equipment.

‘We found only two previous reports indicating the possibility of
aerosol transmission of CCHF'**'? and descriptions of 2 cases in a
recent report from Turkey which described possible aerosol
transmission of CCHF to HCWs while they were performing
intubation and ventilation of a child and the resuscitation of an
adult patient.’® ‘

In this nosocomial cluster which took place in Russia 2 HCWs
out of 8 secondary cases (cases #3 and #5) probably became
infected through airborne transmission during their short stay in
the patient’s room, where at that time aerosol-generating
procedures were being performed.

We believe that four core factors are important for this
nosocomial train of transmission:

1. probably infected aerosols which could spread in the ward
during performance of aerosol-generating medical procedures
(AGMPs} - inhalation and ILV;

2. high level of viremia on the 5-Gth day of disease without
antiviral treatment (ribavirin);

3. inappropriate usage of PPE when AGMPs were performing;

4, poor ventilation of the patient's ward;

which could all lead to aerosol transmission of CCHF.

According to the official statement of Rospotrebnadzor'® in
6 secondary cases, there was a high risk of combined direct and
airborne transmission, in 2 secondary cases direct CCHF transmis-
sion was not proven.

This case of airborne transmission of CCHF demonstrates that
during performance of any AGMPs for any CCHF patient, airborne
precautions should always be added to standard precautions
(particulate respirator protective to N95 or equivalent standard,
eye protection, single airborne precaution room or well-ventilated
setting, etc.) according to WHO guidelines®® for all HOWs who are
in a patient’s room. Access to any room where the aerosol-
generating procedures are performed should be extremely limited.

Conflict of Interest/Funding: None
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INF2015-003

KRQEINEWSTIS

Health Department: Fox that bit ‘woman had new rabies
strain

By The Associated Press
Published: May 19, 2015, 1:47 pm

SANTA FE (AP) — Health officials say tests indicate that a fox that bit a woman in southern New Mexico had
a new strain of rabies.

The 78-year-old woman was bitten in Lincoln County on April 20, She then got rabies vaccinations that
prevented her from developing rabies, which is often fatal.

The state Department of Health says genetic testing of the virus was done at the federal Centers for
Disease Control and Prevention in Atianta.

New Mexico Health Secretary Retta Ward says the new strain is related to other rabies strains found in
bats.

Ward says state and federal officials are going to collect dead foxes and bats in Lincoin County to test
them for rabies,

Heaith officials advise that children sho_uid be advised to never touch a bat or other wild animal.
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On July 8, 2014, the Colorado Department of Public
Health and Environment (CDPHE) laboratory identified
Yersinia pestis, the bacterium that causes plague, in a blood
specimen collected from a man (patient A) hospitalized with
preumonia. The organism had been previously misidentified
as Pseudomonas luteola by an automated system in the hos-
pital laboratory. An investigation led by Tri-County Health
Department (TCHD) revealed that patient A’ dog had died
recently with hemoprtysis. Three other persons who had contact
with the dog, one of whom also had contact with patient A,
were ill with fever and respiratory symptoms, including two
with radiographic evidence of pneumonia. Specimens from
the dog and all three human conrtacts yielded evidence of
acute ¥, pestis infection. One of the pneumonia cases might
have resulted through human-to-human transmission from
patient A, which would be the first such event reported in the
United States since 1924. This outbreak highlights 1) the need
to consider plague in the differential diagnosis of ill domestic
animals, including dogs, in areas where plague is endemic;
2) the limitations of automated diagnostic systems for iden-
tifying rare bacteria such as ¥ pestis; and 3) the potential for
milder plague illness in patients taking antimicrobial agents.
Hospital laboratorians should be aware of the limitations of
automated identification systems, and clinicians should suspect
plague in patients with clinically compatible symptoms from
whom P luteola is isolated.

Investigation and Results

Patient A, a previously healthy middle-aged man, developed
fever and cough on June 28, Over the next 24 hours his condi-
tion worsened with increasing cough and the production of
bloody sputum. He was admitted to a local hospital where

104

he was diagnosed with pneumonia (Figure). Blood cultures
collected on June 30 grew a gram-negative rod that was ini-
tially identified as 2 futeola using an automated identification
system. Over the next 6 days patient A’s respiratory status
deteriorated, and he was transferred to another facility where
he required intubation. Because of the severity of his illness

- and previous reports of misidentification of ¥ pestisas P luteola

(1,2), the isolate was sent to the CDPHE laboratory for fur-
ther testing. On July 8 the specimen was correctly identified
as ¥ pestis, and patient A received a diagnosis of pneumonic
plague. Patient A was treated with broad-spectrum antibiotics,
including levofloxacin and streptomycin, and recovered after
hospiralization for 23 days.

TCHD initiated an investigation, consisting of interviews
with' patient A’s family, evaluation of potential exposures to
the patient, and an environmental assessment to determine the
risk for further disease transmission. The investigation revealed
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thar patient A’s dog, a male American pit bull terrier aged 2
years, became ill with fever, jaw rigidity, drooling, and right
forelimb ataxia on June 24 (Table), The dog was kept overnight
at a veterinary clinic and humanely euthanized the following
day after developing dyspnea and bloody sputum. Patient A
had close contact with the dog during euthanasia. Necropsy
revealed gastric and pulmonary hemorrhage. Samples tested
negative for evidence of rabies virus infection and anticoagu-
lants; histopathologic examinarion of the tissues was declined
by patient A. Following patient A’s diagnosis with plague,
liver and Jung tissues from the.dog were tested for ¥, pestis,
and results were positive by both polymerase chain reaction
"assay and culture. Archived formalin-fixed tissues from the
dog were processed for histopathology, revealing severe acute
bronchopneumonia with intra-alveolar bacteria. The investiga-
tion also identified three other persons who had been in close
contact with the ill dog, one of whom who also had contact
with patient A. All three subsequently received diagnoses of
plague, and all three recovered (Table, Figure).
On June 30, 2 days after patient A became ill, patient B,
a female veterinary clinic employee, developed a fever and
cough and visited an urgent care facility, where bronchitis
was diagnosed. She reported close contact with the ill dog
on June 24-25. After her symptoms failed to improve with

self-initiated amoxicillin/clavulanic acid, patient B visited

an emergency department on July 5, received a diagnosis of
pneumonia, and was treated with azithromycin, with improve-
ment over the next several days. After notification on July 10

of her exposure to plague, she visited a health care provider
and was treated with oral levofloxacin. A polymerase chain
reaction test on a sputum specimen was positive for ¥, pestis.
Subsequent testing of paired acute and convalescent serum
specimens demonstrated a fourfold increase in antibody titers
to ¥, pestis, indicative of recent infection {Table).

Patient C, a female veterinary clinic employee, also had close
contact with the dog on June 24-25 and self-initiated a 6-day
course of oral doxycycline on June 25. On July 4, she experi-
enced fever, chills, myalgia, and fatigue; symproms progressed
to chest tightness and cough. Following notification of the
exposure to plague on July 9, patient C self-initiated a second '
course of doxycycline and was medically evaluated later that
day. Crackles were heard during chest auscultation; however,
resules of a chest radiograph were normal. A full course of oral
doxycycline was continued with resolution of symptoms. Initial
and follow-up serum specimens tested positive for antibody
to Y. pestis, with a greater than fourfold decrease in antibody
titets at follow-up 6 months later (Table).

On July 4, patient D, a woman who was a close contact of
patient A, expetienced chest tightness, dyspnea, and fever. She
was evaluated at an emergency department, received a diagnosis
of pneumonia, and was treated with oral levofloxacin. Patient D
handled the body of the dog on June 25 after it died, at one
point getting blood on her hands. She also had extended close
contact with patient A on June 29-30 while he was coughing
bloody sputum. On July 8, after patient A was identified with
pneumonic plague, patient D was hospitalized and treated with
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FIGURE. Timeline of diagnoses and treatment for patients identified in a

pneumonic plague outbreak — Colorado, 2014
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levofloxacin and streptomycin. Paired acute and convalescent
serum specimens for patient D demonstrated a greater than
fourfold increase in antibody titers to ¥, pestis (Table).

. Public Health Response

TCHD evaluated potential exposures from each patient
and conducted an envirenmental assessment to determine cthe
risk for further disease transmission. Case status was assigned
according to case definitions developed by the Council of State
and Territorial Epidemiologists for CDC's National Notifiable
Diseases Surveillance System.” '

Medical personnel and personal contacts of all four patients
were notified of their possible exposure to plague. A total of 114
persons had close contact with the dog or one or more of the
human patients: 36 in veterinary settings, 58 in human health
care settings, and 20 as close personal contacts. Antimicrobial
prophylaxis was recommended for 88 persons interviewed
within 7 days of exposure. The remaining 26 were advised
to monitor for fever for 7 days and to seek medical attention
immediately if symptoms occurred.

* Available at htep:/fwwwi.cde.gov/NNDSS/script/casedef aspx?Cond YrID =80
08&DarePub=1/1/1996,
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On July 9, TCHD surveyed patient A property for evidence
of plague, Live rabbits were observed on the property but
no other wildlife. Inactive prairie dog burrows were present;
however, it was reported that the prairie dog colony had been
intentionally eradicated in October 2013.

CDPHE issued press releases for public awareness and Health
Alert Network notifications to health care providers and veteri-
narians on July 9, 10, and 18. Medical facilities were instructed
to use droplet precautions for persons with suspected plague.
TCHD staff members distributed information on plague
symptoms and transmission risk to homes in the vicinity of
the index patient. No further cases have been identified.

Discussion

Plague is a rare burt life-threatening zoonosis caused by
Y. pestis. A median of eight cases of human plague are reported
annually in the United States (3), primarily among residents
of semirural areas in New Mexico, Arizona, Colorade, and
California. Normally a pathogen of rodents, ¥, pestis is trans-
mitted to humans through the bite of infected rodent fleas or
direct contact with the tissues or secretions of infected animals.
Bubonic plague, characterized by fever and painful regional
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TABLE. Dates of exposure and illness onset and test results for patients identified in a pneumonic plague outbreak — Colorado, June-July 2014

Laboratory test results

Date of Chest

Polymerase chain

Serologic testing

; reaction Culture . Initial Follow-up
exposure Onsetof radiograph
Patient (source) illness - findings Hospitalized Specimen Date +/- Specimen Date +/- Specimen Date Titer Date Titer
Dog Unknown Jhine24 PNA Yes Liver/lung June26 + Liver/lung June26 +  NT NT NT NT NT
tissue tissue
A June 25 June28 PNA Yes Blood June29 + Biood June29 + NT NT NT NT NT
8 Jure 25 June30 PNA No Sputum  July10  +  Sputum, Julytd - Slood July 10 1:64  July24 164
blood Jan12 1256
2015
C June 25 July4  noevidence No Blood July 9 - Blood Julys - Blood July@  1:32 0 July24 1:32
of PNA '
Jan 12 -
2015
D June 25 July5  PNA Yes Blood July 6 - Blood Julye - Blood Julys - July 12 1:32
{dog)
June 29 July23  1:32
(patient A)

Abbreviations: PNA = pneumonia; + = positive test result; - = negative test result; NT = not tested.

lymphadenopathy, results from percutaneous exposure and
accounts for approximately 85% of reported cases. Pneumonic
plague occurs as either a complication of untreated bubonic
plague (10%—13% of all cases) or as a primary pneumonia
following inhalation of infectious droplets (2% of all cases}
(4). Untreated pneumonic plague has a fatality rate of 293%
and can be spread from person to person through aerosols
generated during coughing. A third clinical form, septicemic
plague, is characterized by fever and shock without localizing
signs or symptoms. Laboratory diagnosis of plague is based on
culture or polymerase chain reaction assays of blood, sputum,
or lymph node aspirates, or on serology. Effective therapy
includes aminoglycosides and doxycycline. In addition, the
fluoroquinolones levofloxacin and ciprofloxacin have been
approved recently by the Food and Drug Administration based
on animal studies.” The advent of antimicrobial therapy has
reduced overall plague mortality from >60% to approximately
16% (3,5,6). ‘

In this outbreak, all four patients had laboratory-confirmed
plague, including three patients (A, B, and D) wich clinical
and radiographic evidence of pneumonia. The fourth patient
(C) had an atypical presentation with respiratory symptoms
but no radiographic evidence of pneumonia, possibly as a
result of partial treatment immediately after exposure. Three
patients (A, B and C) became ill shortly afier exposure to an ill
infected dog. The source of infection for patient D is less cer-
tain because she had exposure to both the dog on June 25-26

T Available at hrep:ffwww.fda.gov/downloads/Drugs/DrugSafety/ucm088619.
pdf (levofloxacin) and hetp://www.fda.gov/downloads/Drugs/DrugSafety/.
ucm246794.pdf (ciprofloxacin).
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(an incubation period of 9-10 days) and to patient A on
June 29-30 while he had hemoptysis (an incubation period
of 5-6 days). The shorter incubation period is more typical
of plague and therefore supports human-to-human transmis-
sion (6). Nevertheless, transmission from the dog cannot be
excluded given the animal’s role in the other three infections
and because incubation periods of up to 10 days have been
reported, although rarely (7). Primary pneumonic plague is
rare in the United States with only 74 cases reported during
1900-2012, and this event represents the largest outbreak and
the first instance of possible human-to-human transmission
since an outbreak in Los Angeles in 1924 (3,5).

Y. pestis infection in dogs generally is either asymptomatic
or the cause of only a mild, self-limiting febrile illness (8).
Dogs can play a role in human infection through transport of
rodent fleas into the home (8,9). This outbreak began with
illness in a pet dog, a previously unrecognized source of plague
exposure in the United States. The only previously published
case of direct transmission of plague from a dog to a human
was reported from China in 2009 (16). Although symptomatic
plague in dogs is rare, veterinarians should consider the pos-
sibility of ¥, pestis infection in ill dogs with wildlife exposure
in areas where plague is endemic.

This outbreak is notable for the several factors that delayed
its recognition. First, patient A’s bacterial isolate initially was
identified as P Jutealz by an automated blood culture sys-
tem, and the correct identification of ¥, pestis was only made
7 days later. This delay resulted in the exposure of numerous
medical personnel. Misidentification and a resulting delayed
diagnosis have been previously reported, reinforcing the need
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for critical evaluation of results from automated systems and
education of hospital microbiologists regarding this limitation
(1,2). Among 12 Y. pestis isolates obtained from U.S. patients
during 2010-2013, at least three (25%) were originally
misidentified by automated systems (Division of Vector-
borne Diseases, National Center for Emerging and Zoonotic
Infectious Diseases, CDC, unpublished data, 2015). Second,
the spectrum of disease was broader than usual for pneumonic
plague (7), with two of the four patients not requiring hospi-
talization. The clinical course of the milder cases might have
been modified by self-administration of antibiotics or medical
prescription of azithromycin, an antibiotic not recommended
for plague. Pneumonia is the only form of plague with the
potential for human-to-human transmission. Delayed recogni-
tion because of inaccurate laboratory test results and atypical
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clinical presentations can lead to high numbers of potential
exposures to health care workers, laboratory workers, and other
close contacts.

Atltho i.lgh human plague is rare in North America, it remains
a public health concern in the western United States where
Y. pestis circulates among wild rodent populations. The risk
for plague can be minimized by avoidance of possibly infected
rodents (e.g., prairic dogs) and their fleas, All suspected or
confirmed plague cases and rodent die-offs in areas where
plague is endemic should be reported immediately to public
health officials so that exposures can be minimized to prevent
additional transmission. Once plague is suspected, appropriate
precautions and treatment should be initiated immediately, and
clinical specimens should be collecred and tested as soon as
possible. Early recognition of plague, especially the pneumonic
form, is critical to effective clinical management and a timely
public health response. Veterinarians should consider plague
in the differential diagnosis of ill domestic animals, including
dogs, in areas where plague is endemic,
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