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In 2016, Zika virus disease developed in a man (patient A) who
had no known risk factors beyond caring for a relative who
died of this disease (index patient). We investigated the source
of infection for patient A by surveying other family contacts,
healthcare personnel, and community members, and testing
samples for Zika virus. We identified 19 family contacts who
had similar exposures to the index patient; 86 healthcare per-
sonnel had contact with the index patient, including 57 (66%)
who had contact with body fluids. Of 218 community mem-
bers interviewed, 28 (13%) reported signs/symptoms and 132
(61%) provided a sample. Except for patient A, no other per-
sons tested had laboratory evidence of recent Zika virus infec-
tion. Of 5,875 mosquitoes collected, none were known vectors
of Zika virus and all were negative for Zika virus. The mecha-
nism of transmission to patient A remains unknown but was
likely person-to-person contact with the index patient.

Zika virus is an emerging mosquitoborne flavivirus
transmitted primarily through the bite of infected Ae-
des (Stegomyia) mosquitoes. Other modes of transmission,
including intrauterine, perinatal, sexual, blood transfu-
sions, and laboratory exposure, have been described (/-6).

In June 2016, a 73-year-old man (index patient) died in
a hospital in Salt Lake City, Utah, USA (7) (Figure 1). He
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had returned from Mexico 11 days previously and began
feeling ill 3 days after his arrival in the United States. He
sought care 2 days after illness onset and was hospitalized
3 days later. After admission, his health rapidly declined,
and he died 3 days later of suspected dengue hemorrhagic
shock syndrome. Postmortem testing identified Zika virus
RNA in a blood sample obtained during hospitalization; the
level of viremia in his serum sample was uncharacteristi-
cally high (7,8).

Six days after the death of the index patient, subjective
fever, rash, and conjunctivitis developed in a 38-year-old
man who was a family contact (patient A) (7). Patient A had
not traveled to an area with ongoing Zika virus transmission,
had not had sexual contact with a person who recently trav-
eled to such an area, and had not received a blood transfusion
or organ transplant. However, patient A had contact with the
index patient during his period of viremia. Patient A also vis-
ited the 2 residences of the index patient after his death, sug-
gesting possible vectorborne transmission from Ae. aegypti
mosquitoes, which have been previously identified in Utah
(9). Urine obtained from patient A 7 days after illness onset
was positive for Zika virus RNA, and a day 11 serum sample
was positive for Zika virus IgM and Zika virus and dengue
virus neutralizing antibodies (8). Given the lack of travel or
other risk factors for acquiring Zika virus for patient A, a
public health investigation was launched to better define his
exposures and determine a probable source of infection.

Methods

For this investigation, we defined a contact as a per-
son who resided in the same household with the index
patient or who had direct contact with the index patient
or his blood or other body fluids, such as conjunctival
discharge, respiratory secretions, vomit, stool, or urine,
when he was potentially viremic (defined as the date the
index patient returned to the United States until his death).
Evidence of recent infection was defined as a person with
Zika virus RNA in serum or urine or Zika virus IgM and
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neutralizing antibodies in serum samples that were nega-
tive for neutralizing antibodies against dengue virus (/0).
We obtained consent for all persons who provided a sample
or participated.

Assessment of Person-to-Person Transmission

Evaluation of Family Contacts and Mortuary Workers

State and local health department staff interviewed all
family members and friends identified as potential con-
tacts of the index patient from the date when he was
found to be positive for Zika virus through when patient
A showed a positive test result. Interviewers asked about
exposures to the index patient and any recent travel or
vaccination that might affect Zika virus test results. All
contacts were asked to provide a blood or urine sample
to test for recent Zika virus infection. All community
funeral and mortuary workers who had contact with the
body of the index patient met the definition of a contact
and were asked about their exposures and to provide a
blood sample.

Assessment of Healthcare Personnel

Hospital medical records of the index patient were re-
viewed to characterize and quantify clinical conditions
and procedures that generated blood or body fluid. A list
of all healthcare personnel who potentially interacted with
the index patient was generated on the basis of employee
assignments. Healthcare personnel with possible contact
were called and an interview was scheduled. If after 2 at-
tempts they could not be reached, they were categorized
as not reachable. Healthcare personnel were interviewed
to determine the level of interaction (e.g., type of contact,
type of care provided, exposure to blood or body fluids,
use of personal protective equipment [PPE]); recent trav-
el; and vaccinations. Healthcare personnel were defined
as having other concerning factors if they reported being
pregnant, were attempting to become pregnant, or had
>2 signs/symptoms consistent with Zika virus infection
(i.e., fever, rash, arthralgia, or conjunctivitis) in the previ-
ous 30 days. All employees with direct contact or other
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concerning factors were asked to provide blood or urine
samples for Zika virus testing (/7).

Assessment of Potential Vectorborne Transmission

Vector Assessment

Local mosquito abatement districts worked in collabo-
ration with the Centers for Disease Control (CDC, Fort
Collins, CO, USA) to conduct larval and adult mosquito
surveillance in the 3 areas where the index patient (2
residences) and patient A resided. Door-to-door house-
hold surveys were conducted, and light traps, CO, traps,
gravid traps, and BioGents traps (BioGents, Regensberg,
Germany) were deployed to collect different species at
sites around residences of patient A and the index pa-
tient. During mid-July, mosquito abatement district adult
mosquito collection was performed for 2 days. Five days
after the first trapping, CDC and local mosquito abate-
ment districts collected mosquitoes at 12 sites in each
of the 3 areas described. Specifically, 18 BioGents-2, 6
gravid, and 6 CDC light traps with CO, were used for 30
traps/day. Ovicups were set at 9 sites to detect contain-
er-inhabiting Aedes mosquitoes. Adult mosquitoes were
shipped on dry ice to CDC in Fort Collins for processing
and testing.

Potential larval and pupal habitats were inspected at
the 3 residences of interest and nearby homes. Aquatic
stages were collected and transported to mosquito control
district facilities for rearing and identification.

Community Assessment

All households within a 200-m radius of the 2 properties
where the index patient stayed while potentially viremic
were surveyed. We determined this radius on the basis
of a compromise between the likely movement of Aedes
mosquitos (estimated as *30-450 m/d) and the number of
households that could be surveyed (/2). A household was
eligible for inclusion if >1 resident of the house had resided
in the household for the month before illness onset of pa-
tient A. A person who slept in the house >2 days/week was
considered a household member.
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Teams visited households in late July for 4 days,
provided information about the investigation, and ob-
tained verbal consent. If the person did not wish to par-
ticipate, they were considered refusing. If no residents
or heads of household were available at the initial visit,
they were revisited 2 more times at a different time and
day. If after 3 visits no one answered, the household was
considered not available. For participating households,
verbal consent or assent to participate was obtained from
all household members >12 years of age. For children
<18 years of age, permission was obtained from parents
or legal guardians.

We surveyed all consenting household members by
using a questionnaire that captured information on de-
mographics, signs/symptoms of possible Zika virus in-
fection, recent travel or sexual contact with a traveler,
receipt of flavivirus vaccines, pregnancy status, expo-
sures to mosquitoes, and personal and household protec-
tive measures. We defined signs/symptoms of possible
Zika virus infection as fever, rash, conjunctivitis, or ar-
thralgia with onset after the date of return of the index
patient to the United States. Persons whose signs/symp-
toms began before the return of the index patient or were
explained by an alternate etiology (e.g., culture-proven
bacterial infection) were not included among those with
reported signs/symptoms. After completion of the sur-
vey, we asked each household member >6 months of
age to provide a blood sample; for participants symp-
tomatic within the previous 2 weeks, a urine sample
was also collected. We did not collect samples from in-
fants <6 months of age because interpretation of results
would be complicated by maternally derived antibodies.
However, parents did respond to the questionnaire for
those infants.

Laboratory Testing

Serum samples were tested by using a Zika virus IgM
capture ELISA at CDC (Fort Collins) or the Utah Public
Health Laboratory (Salt Lake City, UT, USA) per standard
protocol (/3,14). Samples positive for Zika virus [gM were
confirmed by using a 90% plaque reduction neutralization
test at CDC (Fort Collins) (/5). Urine samples were tested
by using a reverse transcription PCR (RT-PCR) (Trioplex
assay) for Zika virus at the Utah Public Health Laboratory
(14). If a person reported signs/symptoms in the past week,
then their serum sample was also tested by RT-PCR for
Zika virus RNA per testing guidelines (/3). Mosquito pools
were tested for Zika virus and West Nile virus RNA by us-
ing described methods (/6).

Data Collection and Analysis

We entered survey data with unique identification num-
bers for participants into either REDCap (https://www.
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project-redcap.org/) or Epi Info (CDC) databases for
analysis. We summarized continuous variables as me-
dians and ranges and dichotomous variables as frequen-
cies and proportions. For the community assessment, we
first estimated the number of persons residing in the ar-
eas around residences of the index patient on the basis
of average household size values at the ZIP code level
obtained from the 2010 US Census (/7). We then used the
hypergeometric distribution to calculate the probability
that a nonparticipant residing in the areas near the resi-
dences of the index patient could have been infected with
Zika virus.

Procedures and data collection tools for healthcare
personnel and community assessments were reviewed by
human subject advisors at the Utah Department of Health
and CDC. These procedures and tools were determined to
be part of a nonresearch public health response.

Results

Evaluation of Family Contacts and Mortuary Worker

A total of 22 family members or friends potentially in-
teracted with the index patient from his return to the
United States until after his death; 19 (86%) met the def-
inition of a contact. Of the 19 family contacts, 15 resided
with or visited the index patient at his residences, and 13
visited him at the hospital. The most common interac-
tions with the index patient included kissing, primarily
on the cheek (n = 6), and assisting in care (e.g., clean-
ing up vomit, stool, or urine, or wiping tears) (n = 06).
These activities were performed without PPE. Twelve
community mortuary workers also interacted with the
index patient in the hospital or mortuary, and all met the
definition of a contact. Other than patient A, no other
contact reported a Zika-like illness after their interaction
with the index patient.

Of the 19 family or friend contacts, 18 were negative
for Zika virus IgM in serum (n = 14) or Zika virus RNA by
PCR in urine (n = 17). Only patient A had recent evidence
of Zika virus infection. All 12 mortuary workers were neg-
ative for Zika virus IgM in serum.

The most recent travel of patient A was to Mexico
>] year earlier. He had not had sexual contact with some-
one who had recently traveled to an area where Zika vi-
rus was known to be circulating and had not received any
blood transfusions or organ transplants. He did not have
any serious underlying conditions and was not immuno-
suppressed. Similar to other family members, patient A
visited the residences where the index patient was stay-
ing before the index patient was hospitalized and after his
death. Before hospitalization of the index patient, patient
A had only casual contact (e.g., hugging and kissing) with
the index patient.
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During hospitalization of the index patient, patient A
reported staying for 2 days and nights (>48 hours) in his
room in the intensive care unit (ICU) and reported hugging,
kissing, and touching him frequently. He assisted hospital
staff in moving the index patient after a bowel movement,
but did not come into contact with fecal matter or any other
body fluid. Patient A had no breaks in his skin, including
no chronic skin conditions, oral lesions, recent dental work,
or needle exposures. Interactions of patient A with the
index patient were similar to those reported by other fam-
ily members. The wife of the index patient reported more
frequent and direct contact (assisted with bodily functions,
patient cleaning, and in-home care) with the index patient
than patient A.

Assessment of Healthcare Workers

The index patient was evaluated in the emergency depart-
ment twice before being admitted and transferred to an ICU
for the duration of his hospitalization. He required intensive
clinical care, including mechanical ventilation, hemodialy-
sis (continuous renal replacement therapy), and multiple
procedures, including central and arterial line placement
and endotracheal intubation (Figure 2). These procedures
provided opportunities for contact of healthcare personnel
with blood or other body fluids.

A total of 132 healthcare personnel were identified
as having potential contact with the index patient, or his
immediate environment, waste, or medical equipment.
Twenty denied any interaction with the index patient and

Zika Virus in Patient with No Risk Factors

14 were not reachable, resulting in 98 (74%) available for a
complete interview. Of these personnel, 86 (88%) reported
contact with the index patient or his immediate environ-
ment or had other concerning factors.

Of the 86 workers, 54 (63%) had contact with the
index patient in the ICU and 26 (31%) had contact with
the index patient in the emergency department. Most (72,
84%) workers provided direct patient care, and 57 (66%)
reported contact with blood or other body fluids (Table 1).
These 57 healthcare workers reported 128 separate expo-
sures to blood or body fluids, including 39 (30%) expo-
sures to blood, 35 (27%) to sweat, 18 (14%) to respiratory
secretions, 15 (12%) to urine, 10 (8%) to stool, 8 (6%) to
tears, and 3 (2%) to vomit. The most common PPE en-
semble worn during these encounters was gloves only (81
workers, 63%) followed by gloves and gown (23, 18%);
10 (8%) encounters occurred without any PPE being used,
including 8 encounters with sweat and 2 with tears (Table
1). No healthcare workers reported blood or body fluid con-
tact with nonintact skin or mucous membranes, and there
were no percutaneous exposures. Two healthcare work-
ers reported having blood-soaked scrubs after postmortem
cleaning of the body.

Eighty (93%) of 86 healthcare workers provided blood
samples for testing, and 1 person with recent signs (rash
and conjunctivitis) provided a urine sample for testing. All
80 (100%) serum samples were negative for Zika virus
IgM, and the 1 urine sample was negative for Zika virus
by RT-PCR.

Day Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Location _Home| ED | Home | ED | ICU
Perieheral [\ Peripheral IV Peripheral IV
Proced ures Arterial line
Central venous catheter (triple lumen)
Central catheter (triple lumen)
Central catheter (dialysis line)
CRRT
Foley catheter
Intubation/ventilation
Orogastric tube
Peripheral IV
Body fluids
Conjunctival vv
Emesis v v
Respiratory v v v
Stool v v v VVYvvvvy vV

Figure 2. Characteristics of clinical course investigation of Zika virus infection in patient with no known risk factors, Utah, USA, 2016.
Patient location, procedures, and body fluid output are as documented in medical records by day of treatment or observation of index
patient. Body fluid output is separate from potential exposures generated by procedures. CRRT, continuous renal replacement therapy;
ED, emergency department; ICU, intensive care unit; IV, intravenous line; v/, recorded output (frequency).
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Table 1. Characteristics of 128 encounters by 57 healthcare personnel with index patient by type of PPE used during investigation of
Zika virus infection in patient with no known risk factors, Utah, USA, 2016*

PPE Blood, n = 39 Respiratory/GI/GU, n = 46 Sweat, n =35 Conjunctival, n =8 Total, n = 128
None 0(0) 0(0) 8(23) 2 (25) 10 (8)
Gloves only 29 (74) 27 (59) 21 (60) 4 (50) 81 (63)
Gloves and gown 8 (21) 11 (24) 3(9) 1(13) 23 (18)
Other 2 (5) 6 (13) 0(0) 0(0) 8 (6)
Unknown 0(0) 2 (4) 3(9) 1(13) 6 (5)

*Values are no. (%) persons. Gl, gastrointestinal; GU, genitourinary; PPE, personal protective equipment.

Assessment of Vectorborne Transmission

Vector Surveillance

Larvae and pupae collected at the 3 residences and nearby
areas included only Culex and Culiseta species (Cx. pipi-
ens, Cx. tarsalis, Cs. incidens, and Cs. inornata). Inspec-
tion of egg papers from ovicups failed to detect viable mos-
quito eggs. Mosquito collections from all traps failed to
detect the invasive species Aedes aegypti or Ae. albopictus.
A total of 5,875 adult mosquitoes representing 7 species
(4,765 Cx. pipiens, 658 Cx. tarsalis, 4 Culex spp., 299 Cs.
incidens, 138 Cs. inornata, 7 Ae. dorsalis, 1 Ae. vexans,
2 Aedes spp., and 1 Anopheles freeborni) were collected
and tested for virus in 501 pools. All mosquito pools were
negative for Zika virus by RT-PCR. However, 2 pools con-
taining female Cx. pipiens mosquitoes were positive for
West Nile virus RNA by RT-PCR with screening and con-
firmatory primers.

Community Survey

There were 226 occupied households within a 200-m ra-
dius of the residences where the index patient stayed. Of
these households, 89 (39%) had >1 resident who completed
a survey; 72 (32%) were not available, 62 (27%) refused
participation, and 3 (1%) were excluded because residents
were unable to be interviewed in their native language.

From the 89 participating households, 218 persons
completed a questionnaire (for themselves or family mem-
bers <12 years of age). Of the 218 participants, 119 (55%)
were female; median age was 35 years (range 4 months—80
years) (Table 2). Most (150, 69%) participants spent an av-
erage of >1 hours/day outdoors during the preceding month.
However, most (172, 79%) reported never wearing insect
repellent. Less than half (87, 40%) reported being bitten by
mosquitoes in the preceding month. Only 22 (10%) partici-
pants reported traveling in the preceding year, but most of
them (20, 91%) reported traveling to a country where Zika
virus was known to be circulating. Twenty-eight (13%) par-
ticipants reported having >1 of the 4 Zika virus—associated
signs/ symptoms in the month before their interview; 15
(7%) reported having >2 signs/symptoms.

Of the 218 participants, 132 (61%) also provided >1
sample, including 124 who provided only a blood sample,
6 who provided blood and urine samples, and 2 who pro-
vided only a urine sample. Of the 130 blood samples, 2
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were positive for Zika virus IgM. However, these results
for the 2 samples were not confirmed by plaque reduction
neutralization test (these samples were negative for Zika
virus and dengue virus neutralizing antibodies). Because
these 2 samples were obtained from asymptomatic persons,
urine samples were not obtained. All other serum samples
were negative for Zika virus IgM. All 8 urine samples were
negative for Zika virus RNA.

Given the number of persons estimated to live in
households in the survey area and who provided a speci-
men, and that no positive samples were observed, we found
that the exact upper 95% confidence limit for the proportion
of Zika virus—positive persons in the (untested) population
of nearby residents was 2.0% when we used sampling with-
out replacement and the finite population. Thus, it is highly
likely that <2.0% of unsampled persons would have been
infected with Zika virus.

Discussion

Our investigation of patient A did not identify the prob-
able source of his infection and did not identify any ad-
ditional persons recently infected with Zika virus among
family contacts, healthcare workers, or community mem-
bers. The index patient was unique when compared with
other persons with Zika virus disease because his illness
was fatal and his relative viral load was estimated to be
~100,000 times higher than the average level reported (8).
These characteristics, combined with a lack of additional
exposure for patient A, make it likely that the index patient
was the source of infection for patient A, although inabil-
ity to sequence virus obtained from patient A prevented a
definitive confirmation (7). None of the other family mem-
bers became infected, despite similar or more frequent and
direct contact with the index patient during his viremic pe-
riod. No healthcare personnel became infected despite the
index patient having substantial invasive procedures and
moderate production of body fluids. Overall, our findings
suggest the infection of patient A represents a rare trans-
mission event through unknown, but likely, person-to-per-
son mechanisms.

On the basis of reported contact of patient A with the
index patient, patient A might have been exposed to sa-
liva or tears of the index patient, although patient A had
no skin lesions or noted mucous membrane exposures that
would have increased his likelihood of becoming infected,
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Table 2. Characteristics of 218 community survey questionnaire
respondents during investigation of Zika virus infection in patient
with no known risk factors, Utah, USA, 2016

Characteristic No. (%)
Demographic
Age, y
<20 65 (30)
20-39 57 (26)
40-59 53 (24)
>60 31 (14)
Unknown 12 (6)
Sex
F 119 (55)
M 99 (45)
Pregnant 2(1)
Born outside United States 63 (29)
Exposures in 30 d before survey
Average time outdoors/d, h
<1 55 (25)
1-4 108 (50)
5-10 24 (11)
>10 18 (8)
Unknown 13 (6)
Repellent use while outdoors
Always 8 (4)
Most of the time 3(1)
Sometimes 21 (10)
Never 172 (79)
Unknown 14 (6)
Recent mosquito bites 87 (40)
Screens on windows
All 72 (33)
Most 33 (15)
Some 28 (13)
None 13 (6)
Never leave windows or doors open 52 (24)
Unknown 20 (9)
Travel out of country in previous year
Traveled internationally 22 (10)
Travel location
South America 19 (9)

Central America
Caribbean
Europe
Asia
Zika virus—like signs/symptoms in month before survey
No. reported signs/symptoms

1(0)
3(1)
1(0)
3(1)

0 181 (83)
1 13 (6)
2 14 (6)
3 1(<1)
4 0(0)
Unknown 9(4)
Type of signs/symptoms reported
Fever 16 (7)
Rash 9 (4)
Conjunctivitis 5(2)
Joint pain 14 (6)

particularly when compared with other family members.
To date, Zika virus has been detected by viral culture in
several body fluids, including blood, urine, amniotic fluid,
a conjunctival swab specimen, breast milk, semen, and
saliva (/8—22). Zika virus RNA also has been detected in
cerebrospinal fluid, aqueous humor, cervical mucous, and
nasopharyngeal, vaginal, and endocervical swab specimens
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(23-26). However, our knowledge about the timing and
amount of Zika virus in blood or body fluids of the index
patient was limited. Thus, we are unable to definitively
state how patient A was infected.

Although the index patient had a high level of viremia,
no healthcare personnel showed evidence of recent Zika
virus infection. There were >100 reported encounters with
blood and other body fluids with a variety of PPE reflecting
standard precautions, which is probably representative of
care given to patients in an ICU (27). This finding suggests
that healthcare workers caring for severely ill patients with
Zika virus disease should continue to use standard precau-
tions with correct PPE when handling body fluids to pre-
vent infection (28).

Although Ae. aegypti mosquitoes were previously
identified in southwestern Utah in 2013 (9), our vector in-
vestigations did not identify Ae. aegypti or Ae. albopictus
mosquitoes. None of the other mosquitoes collected were
positive for Zika virus, but 2 pools were positive for West
Nile virus, a finding that supports the efficacy of entomo-
logic surveillance. In addition, no persons tested in the
200-m radius around the households in which the index pa-
tient stayed had evidence of a recent Zika virus infection.
Although low-level transmission could not be definitively
ruled out, results of the vector and community investiga-
tions do not support the suggestion that patient A was in-
fected by a mosquito that had fed on the index patient be-
fore his hospitalization.

Our investigation had several limitations. First, al-
though family contacts and healthcare workers were in-
terviewed several times by professionals trained in inter-
view techniques, recall bias regarding specific exposures
they might have had with the index patient was likely.
Second, we probably did not identify all healthcare work-
ers who had contact with the index patient because in-
formation was obtained retrospectively from the chart for
the patient and staffing schedule. Third, documentation in
the medical records regarding type and amounts of body
fluids might have been incomplete, leading to underesti-
mation of healthcare personnel exposure. Fourth, because
of incomplete participation in the community survey, we
might have missed persons who were infected by Zika
virus in the community, an event we estimated to be low.
These limitations might have prohibited identification of
an alternate source of infection for patient A. We did not
explore potential differences in susceptibility between pa-
tient A and other contacts of the index patient but focused
on exposure. Thus, other factors, such as history of flavi-
virus infection in contacts of the index patient, might have
contributed to a difference in susceptibility to infection
between patient A and other persons.

Currently, Zika virus is known to be transmitted by the
bite of an infected mosquito, congenitally from an infected
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mother to her fetus, sexually, through blood transfusion,
and by laboratory exposure (/—6). Healthcare providers
and public health officials should be aware that person-to-
person transmission beyond sexual transmission might oc-
cur, albeit rarely, and should be investigated to determine
the potential source of infection by obtaining various body
fluids from persons suspected of transmitting the virus to
another person through an undetermined route. Addition-
al investigation is needed to determine the infectious risk
various body fluids represent for person-to-person trans-
mission and to determine host factors that might increase
susceptibility for infection.

Acknowledgments

We thank Ilene Risk, Mary Hill, Tara Brunatti, Andrea Price,
Jeanmarie Meyer, Sankar Swaminathan, Susan Hills,

Amy Lambert, Marc Fischer, Dominic Rose, Nicholas Panella,
Kristen Burkhalter, Kristen Nordlund, Ryan Lusty, Brian
Hougaard, Eric Gardner, Gary Hatch, and Greg White for
assistance and input during this study.

Dr. Krow-Lucal is an Epidemic Intelligence Service Officer

in the Arboviral Diseases Branch, Division of Vector-Borne
Diseases, National Center for Zoonotic and Emerging

Infectious Diseases, Centers for Disease Control and Prevention,
Fort Collins, CO. Her primary research interests are immunology
and infectious diseases.

References

1. Besnard M, Lastére S, Teissier A, Cao-Lormeau V, Musso D.
Evidence of perinatal transmission of Zika virus, French Polynesia,
December 2013 and February 2014. Euro Surveill. 2014;19:20751.
http://dx.doi.org/10.2807/1560-7917.ES2014.19.13.20751

2. Foy BD, Kobylinski KC, Chilson Foy JL, Blitvich BJ,
Travassos da Rosa A, Haddow AD, et al. Probable non-vector-
borne transmission of Zika virus, Colorado, USA. Emerg Infect
Dis. 2011;17:880-2. http://dx.doi.org/10.3201/eid1705.101939

3. Hills SL, Russell K, Hennessey M, Williams C, Oster AM,
Fischer M, et al. Transmission of Zika virus through sexual contact
with travelers to areas of ongoing transmission—continental United
States, 2016. MMWR Morb Mortal Wkly Rep. 2016;65:215-6.
http://dx.doi.org/10.15585/mmwr.mm6508e2

4. The Subcommittee on Arbovirus Laboratory Safety of the
American Committee on Arthropod-Borne Viruses. Laboratory
safety for arboviruses and certain other viruses of vertebrates.
Am J Trop Med Hyg. 1980;29:1359-81.

5. Oliveira Melo AS, Malinger G, Ximenes R, Szejnfeld PO,
Alves Sampaio S, Bispo de Filippis AM. Zika virus intrauterine
infection causes fetal brain abnormality and microcephaly:
tip of the iceberg? Ultrasound Obstet Gynecol. 2016;47:6-7.
http://dx.doi.org/10.1002/u0g.15831

6. Motta 1J, Spencer BR, Cordeiro da Silva SG, Arruda MB,
Dobbin JA, Gonzaga YB, et al. Evidence for transmission of Zika
virus by platelet transfusion. N Engl J Med. 2016;375:1101-3.
http://dx.doi.org/10.1056/NEJMc1607262

7.  Swaminathan S, Schlaberg R, Lewis J, Hanson KE, Couturier MR.
Fatal Zika virus infection with secondary nonsexual transmission.
N Engl J Med. 2016;375:1907-9. http://dx.doi.org/10.1056/
NEJMc1610613

1266

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Brent C, Dunn A, Savage H, Faraji A, Rubin M, Risk I, et al.
Preliminary findings from an investigation of Zika virus infection
in a patient with no known risk factors—Utah, 2016. MMWR
Morb Mortal Wkly Rep. 2016;65:981-2. http://dx.doi.org/10.15585/
mmwr.mmo6536e4

Hahn MB, Eisen RJ, Eisen L, Boegler KA, Moore CG,

McAllister J, et al. Reported distribution of Aedes (Stegomyia)
aegypti and Aedes (Stegomyia) albopictus in the United States,
1995-2016 (Diptera: Culicidae). J Med Entomol. 2016;53:
1169-75. http://dx.doi.org/10.1093/jme/tjw072

Rabe IB, Staples JE, Villanueva J, Hummel KB, Johnson JA,

Rose L, et al. Interim guidance for interpretation of Zika virus
antibody test results. MMWR Morb Mortal Wkly Rep.
2016;65:543—6. http://dx.doi.org/10.15585/mmwr.mm6521el
Centers for Disease Control and Prevention. Diagnostic tests for
Zika virus, 2016 [cited 2016 Dec 24]. https://www.cdc.gov/zika/
he-providers/types-of-tests.html

Harrington LC, Scott TW, Lerdthusnee K, Coleman RC, Costero A,
Clark GG, et al. Dispersal of the dengue vector Aedes aegypti
within and between rural communities. Am J Trop Med Hyg. 2005;
72:209-20.

Centers for Disease Control and Prevention. Guidance for U.S.
laboratories testing for Zika virus infection, 2016 [cited 2016

Dec 24]. Available from: https://www.cdc.gov/zika/laboratories/
lab-guidance.html

Determination and declaration regarding emergency use of in vitro
diagnostic tests for detection of Zika virus and/or diagnosis of Zika
virus infection. Federal Register, 2016 [cited 2016 Dec 24]
https://www.federalregister.gov/documents/2016/03/
02/2016-04624/determination-and-declaration-regarding-
emergency-use-of-in-vitro-diagnostic-tests-for-detection-of
Lennette EH, Lennette DA, Lennette ET. Diagnostic procedures
for viral, rickettsial, and chlamydial infections. Washington (DC):
American Public Health Association; 1995.

Lanciotti RS, Kosoy OL, Laven JJ, Velez JO, Lambert AJ,
Johnson AJ, et al. Genetic and serologic properties of Zika virus
associated with an epidemic, Yap State, Micronesia, 2007.

Emerg Infect Dis. 2008;14:1232-9. 10.3201/eid1408.080287
http://dx.doi.org/10.3201/e1d1408.080287

United States Census Bureau. American fact finder: community
facts [cited 2016 Dec 24]. https://factfinder.census.gov/faces/nav/
jst/pages/index.xhtml#

Bonaldo MC, Ribeiro IP, Lima NS, Dos Santos AA, Menezes LS,
da Cruz SO, et al. Isolation of infective Zika virus from

urine and saliva of patients in Brazil. PLoS Negl Trop Dis.
2016;10:0004816. http://dx.doi.org/10.1371/journal.pntd.0004816
Calvet G, Aguiar RS, Melo ASO, Sampaio SA, de Filippis I,

Fabri A, et al. Detection and sequencing of Zika virus from
amniotic fluid of fetuses with microcephaly in Brazil: a case study.
Lancet Infect Dis. 2016;16:653—60. http://dx.doi.org/10.1016/
S1473-3099(16)00095-5

Sun J, Wu D, Zhong H, Guan D, Zhang H, Tan Q, et al. Presence
of Zika virus in conjunctival fluid. JAMA Ophthalmol. 2016;
134:1330-2. http://dx.doi.org/10.1001/jamaophthalmol.2016.3417
Dupont-Rouzeyrol M, Biron A, O’Connor O, Huguon E,
Descloux E. Infectious Zika viral particles in breastmilk. Lancet.
2016;387:1051. http://dx.doi.org/10.1016/S0140-6736(16)00624-3
Musso D, Roche C, Robin E, Nhan T, Teissier A,

Cao-Lormeau V-M. Potential sexual transmission of Zika virus.
Emerg Infect Dis. 2015;21:359-61. http://dx.doi.org/10.3201/
€id2102.141363

Rozé B, Najioullah F, Fergé J-L, Apetse K, Brouste Y, Cesaire R,
et al.; GBS Zika Working Group. Zika virus detection in urine
from patients with Guillain-Barré syndrome on Martinique,
January 2016. Euro Surveill. 2016;21:30154. http://dx.doi.org/
10.2807/1560-7917.ES.2016.21.9.30154

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 23, No. 8, August 2017



24. Furtado JM, Esposito DL, Klein TM, Teixeira-Pinto T,
da Fonseca BA. Uveitis associated with Zika virus infection.
N Engl J Med. 2016;375:394—6. http://dx.doi.org/10.1056/
NEJMc1603618

25. Prisant N, Bujan L, Benichou H, Hayot P-H, Pavili L, Lurel S,
et al. Zika virus in the female genital tract. Lancet Infect Dis.
2016;16:1000—1. http://dx.doi.org/10.1016/S1473-3099 (16)30193-1

26. Fonseca K, Meatherall B, Zarra D, Drebot M, MacDonald J,
Pabbaraju K, et al. First case of Zika virus infection in a returning
Canadian traveler. Am J Trop Med Hyg. 2014;91:1035-8.
http://dx.doi.org/10.4269/ajtmh.14-0151

27. Siegel JID, Rhinehart E, Jackson M, Chiarello L; Healthcare
Infection Control Practices Advisory Committee. 2007 Guideline

Zika Virus in Patient with No Risk Factors

for isolation precautions: preventing transmission

of infectious agents in healthcare settings, 2007

[cited 2017 Jan 9].

http://www.cdc.gov/ncidod/dhqp/pdf/isolation2007.pdf
28. Centers for Disease Control and Prevention. Healthcare

exposure to Zika and infection control, 2016 [cited 2016

Dec 24]. https://www.cdc.gov/zika/hc-providers/infection-

control.html

Address for correspondence: J. Erin Staples, Centers for Disease Control
and Prevention, 3156 Rampart Rd, Mailstop P02, Fort Collins, CO
80521, USA; email: estaples@cdc.gov

October 2014: Vectorborne Diseases

* Resurgence of Cutaneous Leishmaniasis in Israel,
2001-2012

* Rapidly Growing Mycobacteria Associated with
Laparoscopic Gastric Banding, Australia, 2005-2011

* Distinct Characteristics and Complex Evolution of PEDV
Strains, North America, May 2013-February 2014

* Person-to-Person Household and Nosocomial
Transmission of Andes Hantavirus, Southern Chile, 2011

* Effects of Mefloquine Use on Plasmodium vivax
Multidrug Resistance

* Risk Factors for Human Lice and Bartonellosis among
the Homeless, San Francisco, California, USA

* Influenza-Associated Hospitalizations, Singapore,
2004-2008 and 2010-2012

* Lyme Disease, Virginia, USA, 2000-2011

* Clinical Isolates of Shiga Toxin Ta-Producing Shigella
flexneri with an Epidemiological Link to Recent Travel
to Hispaniola

* Prevalence of
Borrelia miyamotoi
in Ixodes Ticks in
Europe and the
United States

| * Biomarker
Correlates of
Survival in Pediatric
Patients with Ebola
Virus Disease

* Increased Pyrethroid Resistance in Malaria Vectors and
Decreased Bed Net Effectiveness, Burkina Faso

* Malaria Control and Elimination, Venezuela,
1800s-1970s

ERGING

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017

* Haemophilus ducreyi Associated with Skin Ulcers among
Children, Solomon Islands

* Autochthonous Melioidosis in Humans, Madagascar,
2012 and 2013

* Human Granulocytic Anaplasmosis, South Korea, 2013

* Ongoing Epidemic of Cutaneous Leishmaniasis among
Syrian Refugees, Lebanon

* Knemidocoptic Mange in Wild Golden Eagles,
California, USA

* Novel Influenza A(H7N2) Virus in Chickens, Jilin
Province, China, 2014

* Differences in Influenza Seasonality by Latitude,
Northern India

¢ Human Babesiosis, Maine, USA, 1995-2011

* Prevalence of Arcobacter
Species among Humans,
Belgium, 2008-2013

* Evidence of Recombinant Strains |
of Porcine Epidemic Diarrhea
Virus, United States, 2013

* Treatment of Giardiasis
after Nonresponse to
Nitroimidazole

* Human Infection with Highly
Pathogenic A(H7N7) Avian
Influenza Virus, ltaly, 2013

ECTIOUS DISEASES https://wwwnc.cdc.gov/eid/articles/issue/20/11/table-of-contents

1267



