Zika virus update:
A rapidly moving target

O with female to male viral infection recently confirmed and cases
originating within the United States being investigated, it is more
important than ever to be informed of evolving Zika virus updates and

recommendations

Anushka Chelliah, MD, and Patrick Duff, MD

e recently reviewed the most cur-

rent information on the epidemi-

ology, clinical manifestations, and
diagnosis of maternal and congenital Zika
virus (ZV) infection.! We also offered tenta-
tive recommendations for reducing the risk
of infection and for managing the treatment
of women exposed to the virus.

In this update, we present new informa-
tion on the broadened spectrum of anoma-
lies now known to be causally related to
congenital ZV infection and on the increasing
number of serious neurologic complications
directly related to ZV infection in adults. We
also update recommendations for diagnosing
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maternal, fetal, and neonatal infection and
present guidelines for preventing sexual
transmission of ZV infection.

Woman from Brazil gives birth to
stillborn baby with microcephaly

A 23-year-old woman (G2P1) recently emigrated
from Pernambuco in Brazil to the United States
and now presents to the hospital in advanced
labor. Based on results of first-trimester ultraso-
nography performed in Brazil, it is determined
that she is at 39 weeks’ gestation. The patient
has not had any prenatal care since early in the
second trimester because of low income and
lack of medical insurance. She reports no seri-
ous iliness before or during the pregnancy.

In the labor and delivery suite, she rapidly
delivers a stillborn female infant—5 pounds
3 ounces, growth restricted, with multiple con-
genital anomalies. Postmortem examination
reveals microcephaly, ventriculomegaly, exten-
sive brain atrophy, intracranial calcifications,
cerebellar agenesis, cataracts, ocular calcifica-
tions, redundant scalp tissue, and multiple joint
contractures.

What is the most likely cause
of these multiple anomalies?
The patient’s findings are most consistent
with a diagnosis of severe intrauterine infec-
tion. Possible pathogenic organisms include
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TABLE 1 Koch’s postulates for establishing
microorganism-to-disease causation®

e The putative microorganism must be present in all cases of the disease.

* The suspected pathogen must then be isolated from the infected host
and grown in pure culture.

e The pathogen grown in culture subsequently must be inoculated into a
healthy susceptible laboratory animal and cause the same spectrum of
abnormalities as the original infection.

e The pathogen must be re-isolated from the new host and shown to be
identical to the originally inoculated pathogen.

FAST
TRACK

Antenatally assess
the fetus of a
pregnant woman
with possible Zika
virus infection

for microcephaly,
ventriculomegaly,
agenesis of corpus
callosum, hypoplasia
of cerebellum, and
skeletal deformities
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rubella virus, cytomegalovirus, lymphocytic
choriomeningitis virus, toxoplasmosis, and
ZV2 Given the patient’s recent move from Per-
nambuco in northeastern Brazil, the epicenter
of the ZV epidemic in the Americas, the most
likely diagnosis is congenital ZV infection.

The initial reports of congenital anoma-
lies associated with ZV infection focused
on microcephaly, usually defined as head
circumference less than 3 standard devia-
tions below the mean, or less than the third
or fifth percentile for gestational age. Subse-
quent reports have linked many other seri-
ous central nervous system (CNS) anomalies
to the virus. In a retrospective case series,
de Fatima Vasco Aragao and colleagues?® de-
scribed neuroimaging findings in 23 infants
with presumed congenital ZV infection. Of
the 22 with computed tomography scans, all
had calcifications at the junction of cortical
and subcortical white matter, 21 (95%) had
disordered cortical development, 20 (91%)
had a significant decrease in brain volume,
19 (86%) had ventriculomegaly, and half had
distinct hypoplasia of either cerebellum or
brainstem. In addition, of the 8 infants with
magnetic resonance imaging (MRI) studies,
7 (88%) had an enlarged cisterna magna, 7
(88%) had delayed myelination, 6 (75%) had
a simplified gyral pattern, and 3 (38%) had
hypoplasia of corpus callosum.

De Paula Freitas and colleagues* recently
found congenital ZV infection associated
with severe ocular abnormalities. Compre-
hensive ophthalmologic examination of
29 infants with microcephaly, presumed
caused by congenital ZV infection, revealed
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10 (35%) had abnormalities, which included
focal pigment mottling, chorioretinal atro-
phy, hypoplasia and cupping of optic disk,
loss of foveal reflex, macular atrophy, lens
subluxation, and coloboma of iris.

Other conditions linked to congenital ZV

infection include intrauterine growth restric-
tion, redundant scalp tissue, contractures of
multiple joints, and clubfoot.?
Bottom line. Although the ocular abnormali-
ties are undetectable by prenatal ultrasound,
many of the CNS and skeletal anomalies can
be identified antenatally. Therefore, serial ul-
trasound examinations should be performed
on adults who have a clinical illness consistent
with ZV infection or who have traveled to an
endemic area or have a sexual partner who has
been in an endemic area. Patients should be
assessed for possible microcephaly, ventriculo-
megaly, agenesis of corpus callosum, hypopla-
sia of cerebellum, and skeletal deformities.

Did ZV cause these anomalies?
How certain can we be that the anomalies
present in the case patient’s baby were caused
by ZV? In the past, and for many years, scien-
tists relied on Koch’s 4 postulates (TABLE 1) to
answer this question and establish a causal
relationship between a microorganism and
a specific clinical disease.® Koch’s postulates
have not been satisfied for the relationship be-
tween maternal ZV infection and congenital
anomalies. Today’s more relevant standards
for determining causality of a teratogen were
published in 1994 by Shepard.® In 2016, Ras-
mussen and colleagues” found that the criti-
cal components of these criteria are fulfilled
and concluded that there is little doubt ZV is
a proven and extremely dangerous teratogen.
See “Zika virus has been shown to be a direct
cause of microcephaly” on page 22.
Rasmussen and colleagues’ also used
Hill’s criteria to assess the evidence for cau-
sation. Hill’s systematic assessment is based
on 9 factors (TABLE 2)%, and Rasmussen and
colleagues” concluded that the necessary 7
of these 9 criteria have been met (the experi-
mental animal model criterion was not sat-
isfied, and the biological gradient criterion
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was not applicable). Given their assessment
of Shepard’s criteria,® the authors argued that
the link between maternal ZV infection and
severe congenital anomalies has risen from
association to well-defined causation.

How should ZV infection

be confirmed in adults and
newborns?

After our first review was published in March
2016,' the testing algorithm recommended
by the US Centers for Disease Control and
Prevention (CDC) was revised.’ Now, accord-
ing to the CDC, if a patient has had symptoms
of ZV infection for less than 5 days, serum
and urine should be obtained for reverse
transcriptase-polymerase chain reaction
(RT-PCR) testing. If symptoms have been
present for 5 to 14 days, urine should be tested
by RT-PCR because urine samples appear to
remain positive for virus longer than serum
samples do. If RT-PCR is performed within
the appropriate period and the result is nega-
tive, ZV infection is excluded; if the result is
positive, acute ZV infection is confirmed, and
additional testing is not indicated. RT-PCR
can be performed by 2 commercial labora-
tories (Quest Diagnostics and LabCorp), state
health departments, and the CDC.

If serum or urine is collected more than
5 days after symptom onset and the RT-PCR
result is negative, the patient should have an
immunoglobulin M (IgM) assay for ZV. If the
assay result is negative, infection is excluded;
if the result is positive or equivocal, additional
testing is needed to ensure that the pres-
ence of the antibody does not reflect a cross-
reaction to dengue or chikungunya virus. The
confirmatory plaque reduction neutralization
test (PRNT) is performed only by the CDC. To
be considered positive, the PRNT result must
be at least 4-fold higher than the dengue virus
neutralizing antibody titer.

In patients with suspected Guillain-
Barré syndrome (GBS), RT-PCR can be per-
formed on cerebrospinal fluid. For suspected
fetal or neonatal infection, RT-PCR can be
performed on amniotic fluid, umbilical cord
blood, and fetal and placental tissue.
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TABLE 2 Hill’s 9-factor criteria for establishing a link

between microorganism and disease®

. Strength of association
. Consistency
. Specificity

. Temporality

1
2

3

4

5. Biological gradient
6. Plausibility

7. Coherence

8. Experimental animal model
9

. Analogy

Nonpregnant woman with possible
Zika virus exposure presents to ED with
neurologic symptoms

A 31-year-old nulligravid woman presents to
the emergency department (ED) for evaluation
of numbness, tingling, and weakness in the
lower extremities and difficulty walking. She
reports having had a low-grade fever and a fine
disseminated macular rash 1 week earlier. She
denies recent travel and exposure to friends or
relatives with iliness, but she says her husband
travels extensively and was living and working
in Puerto Rico. The patient has no other neuro-
logic symptoms.

Serum and cerebrospinal fluid chemistries
and MRI findings are normal. However, the ZV
IgM assay is positive, and nerve conduction
study results are consistent with GBS. The
patient is admitted to the hospital, treated with
intravenous immunoglobulin and given support-
ive care. Over 10 days, her neurologic condition
gradually improves.

What is the link between
ZV infection and serious
neurologic complications
in adults?
ZV infection has been associated with seri-
ous neurologic complications in adults. In-
vestigators in several countries have reported
dramatic increases in GBS cases during the
ZV outbreak.'

GBS is an acute, immune-mediated, de-
myelinating peripheral neuropathy that can
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Urine and serum
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5 days of symptom
onset; after 5 days,
only urine testing is
required
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vary in presentation but most commonly
manifests as a rapidly ascending paralysis.
The disorder often is preceded by an immuni-
zation or live viral infection. In some patients,
paralysis severely weakens the respiratory

muscles and even the cranial nerves, and af-
fected individuals may require intubation,
ventilator support, and parenteral or enteral
alimentation.

In a case-control study conducted during

Zika virus has been shown to be a direct cause of microcephaly

To make the determination that Zika virus (ZV) causes
microcephaly, Rasmussen and colleagues' very recently
evaluated Shepard’s 7 criteria,? published in 1994, for
establishing a cause between a microorganism and a
specific clinical condition. These 7 criteria are:

1. There must be a proven exposure at one or more
critical times during prenatal development.
Rasmussen and colleagues’ pointed to case reports,
case series, and epidemiologic studies showing a clear
association between ZV exposure and microcephaly.
Although exposure at any time during pregnancy may
cause congenital infection, exposure in the late first and
early second trimesters seems to pose the most risk for
severe central nervous system (CNS) injury.

2. There must be consistent findings in 2 or more
high-quality epidemiologic studies.
The studies must control for important confounding
variables and include an appropriate number of patients
to clearly identify an association between a given
exposure and specific fetal anomalies. Rasmussen and
colleagues’ cited 2 important epidemiologic studies.
The first, a prospective cohort investigation of women
in Brazil, found that 29% of those with ZV infection had
abnormalities on prenatal ultrasound.®

In the second investigation, a retrospective study of
8 infants in French Polynesia, the mathematical modeling
performed by the authors* suggested microcephaly
occurred in 1% of infants born to women with first-
trimester ZV infection. Using a different mathematical
model, Johansson and colleagues® found that the risk of
fetal microcephaly associated with first-trimester infection
may range from as low as 1% to as high as 13%.

Although these studies are helpful in quantifying
the risk of congenital infection, they only partially satisfy
Shepard’s second criterion.
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3. The suspected microorganism must produce a
specific defect or clearly delineated syndrome.
Rasmussen and colleagues’ argued that this criterion
has been fulfilled. Zika virus infection causes a distinct
phenotype that includes microcephaly, multiple

other CNS anomalies, redundant scalp skin, ocular
abnormalities, joint contractures (arthrogryposis), and
clubfoot.5”

4. The observed birth defect must be associated with
a rare environmental exposure.

This criterion also has been met, Rasmussen and
colleagues’ reported. They noted that congenital
microcephaly is rare in the United States (only about 6 cases
in 10,000 liveborn infants) but that the number of cases

in Brazil and French Polynesia is much in excess of what
would be predicted in the absence of the ZV epidemic.

5. Teratogenicity should be demonstrated in
laboratory animals.

Shepard indicated that this criterion is important but not
essential to prove causation. As there is yet no animal
model for ZV infection, this criterion has not been fulfilled.

6. The association between the exposure and the
observed anomaly or spectrum of anomalies should
be biologically plausible.

Rasmussen and colleagues' demonstrated that the
findings linked to maternal ZV infection are similar to
those described for at least 2 other viral pathogens,
rubella virus and cytomegalovirus. Animal models also
have clearly shown that the ZV is neurotropic. Moreover,
Z\V has been clearly identified in the brains of infants with
microcephaly.?

7. Shepard’s seventh criterion relates to a medication
or chemical exposure and is not relevant to a
microorganism.
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The Zika viral load
in semen is 100,000
times that in serum
and urine more
than 2 weeks after
symptom onset
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The most common symptoms of Zika virus infection are acute onset of fever, maculopapular rash, joint
pain, and conjunctivitis. Other symptoms include muscle pain and headache.

the 2013-2014 outbreak in French Polynesia,
the association between ZV infection and
GBS was evaluated in 3 groups of patients:
42 patients with GBS, 98 control patients, and
70 patients with ZV infection but no neuro-
logic complications."! Symptoms of ZV infec-
tion were present in about 88% of the patients
with GBS, and the median interval from viral
infection to onset of neurologic symptoms was
6 days. The ZV IgM assay was positive in 93%
of GBS cases. Nerve conduction study results
were consistent with the acute motor axonal
neuropathy of GBS. All patients were treated
with intravenous immunoglobulin; 38% of pa-
tients had to be admitted to the intensive care
unit, and 29% needed respiratory support.
There were no fatalities. The overall incidence
of GBS was 2.4 cases per 10,000 ZV infections.
Other neurologic complications that
have been associated with ZV infection are
meningoencephalitis,’? brain ischemia,’® and
myelitis."*
Bottom line. ZV infection may cause serious
neurologic complications in adults. The most
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devastating complication is GBS, which can
result in respiratory muscle paralysis and cra-
nial nerve palsies.

How can patients prevent
sexual transmission of ZV
infection?

The ZV can be transmitted by sexual con-
tact, including vaginal, anal, and oral sex.”
It is known to persist longer in semen than
in blood or urine, though the exact duration
remains unknown. Atkinson and colleagues'®
reported RT-PCR detection of ZV RNA in
semen about 62 days after onset of febrile
illness—long after the virus became unde-
tectable in blood."

Mansuy and colleagues'” found that the
viral load in semen was more than 100,000
times that in blood and urine more than
2 weeks after symptom onset.'* The ZV has
been detected in saliva, urine, and breast
milk. Although it has not been identified in
vaginal secretions in humans, it has been
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detected in the vaginal secretions of nonhu-
man primates up to 7 days after subcutane-
ous inoculation of virus.'® In addition, the
first case of female-to-male sexual transmis-
sion of ZV infection was just reported.' In this
report, transmission seems to have occurred
on day 3 of the woman’s symptomatic illness,
when she had unprotected vaginal inter-
course with her partner. The partner became
symptomatic 7 days after sexual exposure.
To date, there is no evidence that infection is
spread through kissing or breastfeeding.

The most recent recommendations from
the CDC are that a man with symptomatic ZV
infection wait at least 6 months before hav-
ing unprotected sexual contact. In addition, a
man who is asymptomatic after ZV exposure
should wait at least 8 weeks before having un-
protected sexual contact."”

A woman planning a pregnancy should
know there is no evidence that prior ZV in-
fection increases the risk of birth defects.
However, a woman with a proven ZV infec-
tion should wait at least 8 weeks after symp-
tom onset before trying to conceive. Even
an asymptomatic woman with possible ex-
posure should wait at least 8 weeks after the
last exposure before attempting conception.
In addition, given the risks associated with
maternal and fetal infection, a man who has
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Key takeaways

e Zika virus has now been clearly established as the cause of severe
fetal malformations, particularly microcephaly.

e The risk of fetal injury appears to be greater when maternal
infection occurs in the first trimester of pregnancy.

e Zika virus has now been established as the cause of Guillain-Barré
syndrome in adults.

* Although most cases of Zika virus infection are transmitted as
the result of mosquito bites, patients can acquire the infection
through sexual contact. Both male-to-female and female-to-male
transmission have been documented.

¢ Diagnosis: In an adult with symptoms of less than 5 days duration,
the best tests to confirm Zika virus infection are serum and urine
RT-PCR assays.

— If symptoms have been present for 5 to 14 days, only the urine
RT-PCR test should be performed.
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