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Abstract

Purpose of Review We review the range of dermatological signs seen in Zika infection and the possible relationship between the
rash and viremia. We also hoped to explore the utility of mucocutaneous manifestations in narrowing the differential diagnosis
from other similar flaviviruses.

Recent Findings Clinical manifestations of Zika infection share many similarities with other mosquito-borne viruses such as
dengue. These include non-specific symptoms such as a fever, rash, arthralgia, myalgia, and conjunctivitis. The morphology of
the rash in Zika infection is not very specific and commonly described as maculopapular and centrifugal that usually extends to
become diffuse.

Summary We reviewed 123 publications, encompassing a total of 368 Zika cases. One hundred seven cases with rash had
sufficient data for detailed analysis. 8.4% of cases with rash had hemorrhagic manifestations such as palatal petechiaec and
bleeding ulcers. Only 20 reported cases were tested for viremia during presence of rash, and 70.6% of these cases were positive.
While mucocutaneous complications are common in Zika infection, more research is necessary to determine the impact of rash
on diagnosis, prognosis, and transmissibility in Zika infection.
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Introduction and Background [2]. It has only come to global attention in the last decade for

its neurologic and teratogenic complications. The virus is a
The Zika virus is a mosquito-borne virus that was discovered ~ Flavivirus, in the same family as dengue virus, West Nile
in Africa in 1947 [1] with the first human infection in 1952 virus, yellow fever virus, Japanese encephalitis virus, and
tick-borne encephalitis virus. Interestingly, the flaviviruses
tend to have certain clinical characteristics: dengue and yellow
This article is part of the Topical Collection on Skin, Soft Tissue, Bone and fever viruses result in more hemorrhagic manifestations, while
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West Nile virus and Japanese encephalitis virus cause more
neurologic damage. The Zika virus falls more closely on the
phylogenetic tree to dengue virus, with Zika and dengue shar-
ing many clinical features [3]. It is also difficult to differentiate

< Xuan Qi Koh
xuan_qi_koh@nuhs.edu.sg

Nisha Suyien Chandran clinically and serologically from dengue.
nisha_suyien_chandran@nuhs.edu.sg The defining surveillance criteria for a suspect Zika case
Paul Anantharajah Tambyah includes the presence of rash, fever, and conjunctivitis in an
paul_anantharajah_tambyah@nuhs.edu.sg epidemiologically appropriate population. For example, in
2016, the Singapore Ministry of Health defined a possible
' National University Health System, NUHS Residency Program, Zika case as any person who had fever and rash, with at least

Medical Affairs (Education)/Internal Medicine, 1E Kent Ridge Road,

NUHS Tower Block, Level 10, Singapore 119228, Singapore another symptom of either headache, myalgia, arthralgia, or

conjunctivitis, and a history of living, working, or studying in
an outbreak area. These symptoms and signs are not specific
to Zika infection, and are frequently present in other flavivirus
infections. This review article aims to explore the following

Division of Dermatology, National University Health System,
Singapore, Singapore

Department of Medicine (Infectious Disease), Yong Loo Lin School
of Medicine, National University of Singapore, Singapore, Singapore

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11908-019-0671-z&domain=pdf
mailto:xuan_qi_koh@nuhs.edu.sg

18 Page 2 of 18

Curr Infect Dis Rep (2019) 21: 18

clinical questions: what are the mucocutaneous signs and
symptoms present in Zika infection, whether these signs cor-
relate with viremia, and whether the timeframe in which these
occur assist the clinician in managing Zika infection especial-
ly in patients at risk of other flaviviruses.

Two Different Lineages of Zika

The Zika virus is subdivided into two major lineages—
African, and Asian. Although the Asian lineage is responsible
for most of the recent outbreaks across the world in particular
in the Americas (2012 to 2016), a phylogenetic study suggests
that the divergence of the Asian lineage from the African
lineage occurred approximately 180 years ago [4].

There is a paucity of data on the clinical features of infec-
tion by African lineage of Zika virus. There are, however,
in vitro studies that suggest differences in virulence and path-
ogenicity between the two strains [S¢]. The pattern of innate
immune responses triggered by African and Asian Zika strains
in the human dermal fibroblasts and epidermal keratinocytes
is reportedly different [6¢]. Whether these in vitro differences
manifest as clinical differences between the Asian and African
strains is currently unknown and difficult to explore given the
very few published clinical reports of individuals infected by
the African lineage of Zika virus.

Overview of Clinical Features of Zika

Zika virus infection can be asymptomatic in many and possi-
bly the majority of cases. Reported clinical manifestations
include fever, arthralgia, rash, pruritus, myalgia, conjunctivi-
tis, diarrhea, retro-orbital pain, and headache. Rash is the
commonest cutaneous sign, described as maculopapular
starting from the trunk and spreading to the limbs and face.
A review of 66 cases published up to December 2016 found
that 59% of rashes were described as maculopapular, with
44% being pruritic. Bleeding manifestations such as purpura,
gingival bleeding, and oral hemorrhagic blisters were also
present [7ee].

Conversely, cutaneous features are rare in the congenital
Zika syndrome. The major features of congenital Zika syn-
drome include brain malformations and neurological signs
such as hyper- or hypotonia. Jaundice, hepatosplenomegaly
and ocular complications are also important signs [8].

Literature Review
A literature search on the United States National Library of
Medicine’s Pubmed database using “Zika” and limited to

“Case reports,” “Clinical study,” “Meta-analysis,”
“Multicenter study,” “Observational study,” and
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“Randomized Controlled Trial” yielded a total of 267 publi-
cations between February 1976 and September 2018.

All English language case reports, case series, and cohort
studies which provided accessible information on clinical fea-
tures of Zika infection or congenital Zika syndrome, together
with confirmation of Zika infection via ecither detection of
Zika RNA or serology, were included. Publications that were
not written in English were excluded from this review.
Publications that could not be accessed or for which the ab-
stracts did not provide sufficient information were also ex-
cluded. Thirdly, cases where the diagnosis was in doubt, or
where there was more than one infection that could have con-
tributed to the clinical signs as determined by one of the au-
thors (XQK), were also excluded from this analysis.

For cases with a rash or conjunctivitis, available details
about onset, duration, morphology, distribution, and associat-
ed itch were entered into the data collection sheet. The results
for Zika polymerase chain reaction (PCR) tests and serology,
where available, were also tabulated.

Results of Literature Review

Of the initial 267 publications, 123 publications fulfilled our
inclusion criteria as stated above. The remaining 144 publica-
tions were excluded from this analysis as they were either
unable to be accessed, written in a language other than
English, not certain about the diagnosis of Zika, had con-
founding factors casting doubt on the cause of their clinical
signs, had insufficient details regarding laboratory or clinical
findings, or were irrelevant to this review.

Out of the 123 included publications, 10 publications were
case series or cohort studies that reported the frequency of rash
or conjunctivitis in their respective study populations, without
further detail on individual cases. Seventeen publications re-
ported neonatal cases where Zika infection was acquired pre-
natally or perinatally. The remaining 96 publications reported
a total of 128 individual adult cases of Zika infection.

Cutaneous Features of Zika

For the 10 publications of case series or cohort studies which
did not provide sufficient details for analysis of individual
cases, a total of 216 out of 240 cases (90%) had rash.
Comparably, 107 out of the 128 individual adult Zika case
reports (83.6%) had a rash. 42.1% of these 107 individual
cases described the rash as maculopapular, while another
12.2% of the 107 cases were described as erythematous mac-
ules or patches. 3/107 cases described the rash as an exan-
them. Commonly affected distributions included the trunk,
upper limbs, lower limbs, neck, and face. 6.5% of the 107
individual case rashes involved the palms and/or soles.
9/107 cases (8.4%) had hemorrhagic manifestations such as
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petechiae, bleeding ulcers, ecchymoses, bleeding gums, and
even spontaneous hematomas [9]. A middle-aged woman
demonstrated a positive Rumpel-Leede sign, where linear pe-
techiae were seen on her upper arm after a sphygmomanom-
eter cuff had been inflated over it. The Rumpel-Leede sign has
been observed in other flavivirus infections such as dengue
and Chikungunya and is thought to be due to capillary fragility
[10e].

The onset of rash was specified in 39 out of 107 individual
adult Zika cases (Fig. 1). The earliest documented rash oc-
curred on day 0 of symptoms, and the latest onset was on
day 7. The median onset was on day 1, while the mean onset
was day 2. The duration of rash was documented in 52 out of
107 individual adult Zika cases (Fig. 2). The shortest duration
was 12 h [11], while the longest lasted up to 9 days [12]. The
median duration was 5 days, and the average duration was
4.6 days. Not all cases which documented onset of rash gave
the duration of rash, and vice versa.

The relationship between rash and viremia or viruria was
not very clear. Of the reported 107/128 individual adult Zika
cases who had a rash, only 20/107 cases were confirmed to
have had Zika PCR of either whole blood, serum, urine, or
saliva performed during the period of active rash. Cases with-
out the onset or duration of rash documented could not be
analyzed for this or if they were tested with Zika PCR outside
the period of rash. 12/17 (70.59%) samples from serum or
whole blood in patients with rash showed the presence of
viremia. Thirteen of 20 cases were tested for urine Zika PCR
during the rash; all were positive (100%). There were 2 cases
that had negative serum but positive urine Zika PCR.

Fig. 1 The number of cases of
rash observed in the individual
adult Zika cases against the day of
onset of rash relative to day of
illness
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Conversely, there were no cases with rash that had positive
serum PCR but negative urine PCR. Although the numbers
are small, this is consistent with other observations that urine
PCR is more sensitive than serum PCR. Quantitative PCR
titers were not reported.

Conjunctivitis in Zika

Compared to other flavivirus infections, conjunctivitis appears
to be a more prominent feature of Zika virus infection. The
presence of conjunctivitis was documented in 9 out of the 10
case series or cohort studies that did not have individual pa-
tient information. These yielded a total of 121 cases, of which
45 (37.19%) had conjunctivitis. This percentage is compara-
ble to the frequency of conjunctivitis in the 128 individual
adult Zika case reports where 47 patients (36.72%) had con-
junctivitis. One patient had punctate keratitis and bilateral
keratic precipitates requiring topical ciprofloxacin-
dextromethorphan [13]. Ten of 47 cases specified the day of
onset of conjunctivitis (Fig. 3); half demonstrated conjuncti-
vitis on day 1. Nine out of the 10 cases had simultaneous onset
of conjunctivitis with rash. The last case started to have con-
junctivitis on day 2 and rash on day 3 of symptoms [14]. One
case demonstrated conjunctivitis as late as day 10 of symp-
toms [15]. The median onset of conjunctivitis was day 1.5,
and the mean was day 2.6. The duration of conjunctivitis was
specified in 11 cases (Fig. 4): the shortest duration was 3 days,
and the longest up to 11 days. The median duration was 5 days
and the average duration 5.6 days.

Day of onset of rash
observed in individual adult Zika cases

D2 D3 D4 D5 D6 D7

Day of onset of rash relative to day of symptom onset
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Fig. 2 The number of cases of
rash observed in the individual
adult Zika cases against the
duration of rash in days
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Zika PCR was performed in 5 cases while symptomatic
with conjunctivitis. All 5 cases had positive urine Zika PCR
(100%). four out of 5 cases were tested for viremia, with 1 out
of 3 serum Zika PCR being positive, and 1 out of 1 whole-
blood Zika PCR positive again reinforcing the better sensitiv-
ity of urine PCR for individuals with Zika virus infection.

Mucocutaneous Features in Neonates Born
to Mothers Who Had Gestational or Perinatal Zika
Infection

There were 17 publications on clinical neonatal Zika infec-
tions, whether acquired prenatally or perinatal. two of these
publications were larger case series without individual case

Fig. 3 The number of cases of

conjunctivitis observed in the

individual adult Zika cases

against the day of onset of

conjunctivitis relative to the day

of symptom onset 6
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Duration of rash observed in
individual adult Zika cases
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Duration of rash (days)

data about mucocutaneous features. Meneses et al. reported
87 cases of congenital Zika syndrome in which 71% of these
cases were born with microcephaly, but did not report on the
absence or presence of redundant scalp skin [16]. Van der
Linden et al. reported 13 cases of congenital Zika syndrome
in which 11/13 (84.61%) were diagnosed with postnatal mi-
crocephaly. 6/13 infants had craniofacial disproportion, and 3
of these infants had redundant scalp skin at birth. None of
these 6 infants had microcephaly at birth, but it is not specified
if they developed postnatal microcephaly later [17¢].

In the remainder 15 publications, there were 20 individual
neonatal cases of Zika acquired prenatally or perinatal. Sixteen
of 20 individual case reports did not document the presence of
any mucocutaneous features. Three of 20 had congenital Zika

Day of onset of conjunctivitis
observed in individual adult Zika cases

D3 D4 D5 D6 D7 D8 D9 D10
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Fig. 4 The number of cases of
conjunctivitis observed in the
individual adult Zika cases
against the duration of
conjunctivitis in days

Number of cases
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syndrome with severe microcephaly and redundant scalp skin
at birth. One infant of the 20 presented with isolated diffuse
rash on day 4 of life, likely having acquired Zika by
breastfeeding. The neonate’s mother had positive Zika PCR
in her breastmilk, and neonatal serum Zika PCR was initially
negative on day 3 of life, only becoming positive on day 4 at
the onset of rash [18]. There were no neonates reported with
conjunctivitis or other mucosal involvement.

Relationship Between Zika Viremia or Viruria
and Rash

To determine the duration of viremia or viruria specifically in
patients with rash, we evaluated information on serum, whole
blood, and urine PCR results from the 107 individual adult
Zika case reports; case series or cohort studies without raw
data did not lend themselves to statistical analysis.

Out of 107 cases with rash, 77 cases had documented se-
rum Zika PCR results. 49/77 cases had positive serum Zika
PCR but 6 of these cases did not specify when the test was
taken. 28/77 had negative first serum Zika PCR on first sam-
pling. Table 1 demonstrates that most of the cases had their
first positive serum Zika PCR taken in the first week of
symptoms.

In contrast to this, Table 2 tabulates the first day of negative
serum Zika PCR relative to day of illness. Forty-four of the
107 cases with rash had specified the day of first negative
serum Zika PCR. The median time to a negative PCR was
day 10.4 of illness, and mean is day 7.

We also compared serum to urine Zika PCR results. 46/107
cases had both serum and urine Zika PCR done. 17/46 cases
had first positive sampling for both serum and urine PCR on

Duration of conjunctivitis
observed in individual adult Zika cases

3 4 5 6 7 8 9 10 11

Duration of Conjunctivitis (days)

the same day. 8/46 cases documented different first positive
sampling dates for both serum and urine PCR—in 7 of these 8
cases, the first positive urine sample was taken at a later time
compared to the first positive serum sample. One of the 8§
cases had a positive serum Zika PCR with a negative concur-
rent urine Zika PCR [38]. 15/46 cases documented the dates
when serum and urine Zika PCR became negative. In 10/15
cases, serum Zika PCR became negative before urine Zika
PCR. In 5/15 cases, serum and urine Zika PCR were docu-
mented negative on the same day consistent with the observa-
tion that urine remained positive for Zika PCR longer than
serum.

Whole-blood Zika PCR testing and saliva PCR were re-
ported in a small number of cases of Zika with rash and thus
are difficult to interpret in drawing conclusions about rash and
viremia or salivary excretion of the virus.

Discussion

Zika is an emerging infectious disease with a newly recog-
nized syndrome—the congenital zika syndrome with a signif-
icant impact on public health. Mucocutaneous manifestations
are a prominent feature of Zika virus infections in both indi-
vidual case reports and large published case series. While it is
possible that the high frequency of rash occurring in acute
Zika infection is a function of clinical case definitions adopted
by the various public health agencies (WHO and CDC), our
literature review suggests that rash is very common in Zika
virus infection. The percentage of individual adult Zika cases
from case reports who developed rash (83.6%) was similar to
that of the pooled cases from the 10 publications of case series

@ Springer
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Table 1 Patients with either rash, conjunctivitis, or both symptoms
Patient Presence of Rash Onset of rash Duration of rash Rash descriptor Pruritus Presence of Onset of conjunctivitis
(day of illness) (days) conjunctivitis (day of illness)
1 Present 0 7 Erythematous rash, Yes, mild Absent Absent
distribution
unspecified
2 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
3 Present Unspecified Unspecified Unspecified Unspecified Present Unspecified
4 Present 1 4 Maculopapular rash Yes Present 1
over face, trunk,
limbs. Palmoplantar
involvement.
Tactile allodynia
5 Present 0 Unspecified Maculopapular rash, No Absent Absent
distribution
unspecified.
6 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
7 Present Unspecified Unspecified Unspecified, full Unspecified, full Present Unspecified
text unavailable. text unavailable.
8 Absent Absent Absent Absent No Present Unspecified
9 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
10 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
11 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
12 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
13 Present Unspecified Unspecified Unspecified Unspecified Absent Absent
14 Present Unspecified Unspecified Unspecified Unspecified Present Unspecified
15 Present Unspecified 4 Maculopapular rash No Present Unspecified
over trunk and
extremities
16 Present Unspecified 7 Maculopapular rash No Present Unspecified
over face, trunk,
limbs
17 Present Unspecified 2 Generalized rash Unspecified Absent Absent
18 Present Unspecified 2 Generalized rash Unspecified Absent Absent
19 Present Unspecified Unspecified Maculopapular rash No Absent Absent
over face, abdomen
20 Present 1 3 Maculopapular rash Yes Absent Absent
over trunk, limbs
21 Present 1 6 Rash over face, No Present 1
upper limbs
22 Present 1 5 Maculopapular rash No Present 1
over face, trunk,
limbs
23 Present 2 5 Maculopapular rash No Absent Absent
over face, trunk,
limbs
24 Present 3 4 Maculopapular rash Yes Present 2
over face, trunk,
upper limbs
25 Present Unspecified Unspecified Maculopapular rash No Absent Absent
over trunk, limbs.
Palatal petechiae.
Rumpel-Leede
sign positive.
26 Present 1 6 Erythematous follicular No Absent Absent
macules and papules
over trunk, upper
limbs. Tender palmar
pink papules. Palatal
petechiae.
27 Present 2 Unspecified Unspecified Unspecified Absent Absent
28 Present 2 5 Erythematous edematous No Present 2
rash over malar region
29 Present Unspecified 3 Maculopapular rash No Absent Absent
over trunk, limbs
30 Present Unspecified 3 Exanthem Yes Absent Absent
31 Present Unspecified 4 Exanthem Yes Absent Absent
32 Present Unspecified 5 Exanthem Yes Absent Absent
33 Present Unspecified 5 Yes, generalized No Absent Absent
34 Present Unspecified 3 Yes, over trunk, limbs No Absent Absent
35 Present Unspecified 6 Yes, distribution No Absent Absent
unspecified.
36 Present Unspecified Unspecified Yes, over trunk, No Absent Absent
upper limbs
37 Present Unspecified Unspecified Hemorrhagic gums, No Absent Absent
epistaxis, vaginal
bleeding, hematuria,
ecchymoses
38 Present Unspecified Unspecified Oral hemorrhages No Absent Absent
39 Present 1 8 No Present Unspecified
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Table 1 (continued)

Patient Presence of Rash Onset of rash Duration of rash Rash descriptor Pruritus Presence of Onset of conjunctivitis
(day of illness) (days) conjunctivitis (day of illness)
Diffuse “sandpaper rash”

over face, trunk, limbs.

40 Present Unspecified 1 Maculopapular rash, diffuse Yes Absent Absent

41 Present Unspecified 5 Maculopapular rash, diffuse No Absent Absent

42 Present Unspecified Unspecified Morbilliform rash with Yes Absent Absent
dysesthesia over trunk,
upper limbs, thighs

43 Present Unspecified Unspecified Leg swelling with No Absent Absent
erythematous lesions
and pustules

44 Present Unspecified Unspecified Maculopapular rash, Yes Absent Absent
distribution unspecified.

45 Present 0 6 Erythematous mottled Yes Absent Absent
rash over trunk, limbs
that became papular on
day 3. Oral mucosal
vesicles developed on day
3. Rash resolved day 5.
Palmoplantar desquamation
developed day 15.

46 Present 3 Unspecified Erythematous rash over face, No Absent Absent
trunk

47 Present Unspecified Unspecified Erythematous rash, No Absent Absent
generalized

48 Present Unspecified Unspecified Maculopapular rash, No Present Unspecified
generalized

49 Present Unspecified Unspecified Palatal petechiae No Present Unspecified

50 Present 1 8 Erythematous rash, Yes Present Unspecified
distribution unspecified

51 Present 1 9 Unspecified Unspecified Absent Absent

52 Present Unspecified Unspecified Unspecified Unspecified Present Unspecified

53 Present Unspecified Unspecified Generalized rash over face, Yes Present Unspecified
trunk, upper limbs

54 Present Unspecified Unspecified Maculopapular rash, Yes Absent Absent
distribution unspecified.

55 Present Unspecified 3 Maculopapular rash over Yes Absent Absent
trunk, upper limbs

56 Present Unspecified Unspecified Unspecified Unspecified Absent Absent

57 Present 5 5 Erythematous rash over neck, Yes Present Unspecified
trunk, limbs

58 Present Unspecified Unspecified Unspecified Unspecified Absent Absent

59 Present Unspecified Unspecified Unspecified Unspecified Absent Absent

60 Present Unspecified Unspecified Unspecified Unspecified Absent Absent

61 Present Unspecified Unspecified Maculopapular rash, No Absent Absent
distribution unspecified.

62 Present Unspecified Unspecified Maculopapular rash, No Present Unspecified
distribution unspecified.

63 Present Unspecified Unspecified Maculopapular rash, No Present Unspecified
distribution unspecified.

64 Present 0 5 Erythematous rash, No Absent Absent
generalized for first 5
days. Onset of generalized
petechiae and bloody
ulcers over tongue,
buccal mucosa on D6

65 Present 1 Unspecified Petechiae over lips, palate, No Absent Absent
extremities. Oral
mucosal bleeding.

66 Present 4 5 Maculopapular rash over No Present 4
trunk, limbs, palms

67 Present Unspecified 2 Generalized skin rash Unspecified Absent Absent

68 Present Unspecified 3 Unspecified Unspecified Present Unspecified

69 Present 3 4 Erythematous rash, No Present 3
generalized

70 Present 3 6 Faint rash Yes Absent Absent

71 Present 5 4 Generalized rash. No Absent Absent
Erythematous rash
over cheeks

72 Present Unspecified Unspecified Malar erythema with Yes Present Unspecified
edema, generalized
erythema over trunk
with micropapules
and follicular
accentuation, ocular
pruritus

73 Present 1 5 No Present Unspecified
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Table 1 (continued)

Patient Presence of Rash Onset of rash Duration of rash Rash descriptor Pruritus Presence of Onset of conjunctivitis
(day of illness) (days) conjunctivitis (day of illness)
Maculopapular rash

over trunk, limbs.
Erythema over face

74 Present 1 8 Erythematous non-blanching No Present 1
papular rash over trunk,
upper limbs, head, neck,
palms. Palatal petechiae.

75 Absent Absent Absent Absent No Present Unspecified

76 Present 6 7 Erythematous rash over face, No Present Unspecified
trunk, limbs. edema of
hands and feet, enanthema
over palate.

77 Present Unspecified Unspecified Erythematous rash No Absent Absent

78 Absent Absent Absent Absent No Present Unspecified

79 Present Unspecified 3 Pruritic rash over upper Yes Present Unspecified
body

80 Present Unspecified 7 Pruritic rash over trunk, Yes Present Unspecified
upper limbs

81 Present 1 7 Maculopapular rash over Yes Absent Absent
abdomen, limbs

82 Present 1 4 Unspecified Unspecified Absent Absent

83 Present Unspecified Unspecified Rash on back and face No Present Unspecified

84 Present Unspecified 0.5 Rash over face, trunk No Absent Absent

85 Present Unspecified Unspecified Maculopapular rash over No Absent Absent
trunk, limbs

86 Present Unspecified Unspecified Unspecified Unspecified Absent Absent

87 Present Unspecified Unspecified Maculopapular rash, No Absent Absent
generalized

88 Present 0 3 Erythematous rash over No Present Unspecified
abdomen, upper limbs

89 Present Unspecified 2 Unspecified Unspecified Absent Absent

90 Present 0 6 Yes, over face, trunk, limbs No Present Unspecified

91 Present Unspecified Unspecified Yes, over trunk, limbs No Absent Absent

92 Present 7 5 Small red rash No Present 10

93 Present 1 Unspecified Initially had pruritic Yes Absent Absent
maculopapular rash
that started on day 1 of
symptoms. On day 10,
patient developed
spontaneous
subcutaneous hematomas
in her arms and legs,
without petechial
bleeding.

94 Present 1 Unspecified Maculopapular rash over No Present Unspecified
trunk, extremities

95 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
face, trunk, upper limbs

96 Present 6 6 Rubelliform exanthema No Absent Absent
over upper chest

97 Present Unspecified Unspecified Rash over face, trunk No Absent Absent

98 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
face, trunk, limbs,
palms, soles

99 Present Unspecified 4 Erythematous rash over Yes Absent Absent
face, trunk, limbs

100 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
trunk, limbs

101 Present 2 4 Maculopapular rash over No Present Unspecified
trunk, limbs

102 Absent Absent Absent Absent No Present Unspecified

103 Present 5 4 Papular rash over No Present Unspecified
extremities and
involving palms

104 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
face, trunk, extremities

105 Present Unspecified Unspecified Unspecified Unspecified Present Unspecified

106 Present Unspecified Unspecified Maculopapular rash over No Absent Absent
face, trunk, extremities

107 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
face, trunk, extremities

108 Present Unspecified Unspecified Maculopapular rash over No Present Unspecified
trunk, limbs

109 Present 0 3 Maculopapular rash over No Absent Absent
trunk. Aphthous ulcer
onset day 3

110 Present 0 4 No Absent Absent
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Table 1 (continued)

Patient Presence of Rash Onset of rash Duration of rash Rash descriptor Pruritus Presence of Onset of conjunctivitis
(day of illness) (days) conjunctivitis (day of illness)
Maculopapular rash
over trunk
111 Present 4 Unspecified Maculopapular rash No Present Unspecified
over trunk, thighs, neck
Patient Duration of conjunctivitis ~ Result of whole-blood Result of serum/plasma Result of urine Zika PCR Result of saliva Publication
(days) Zika PCR Zika PCR Zika PCR
1 Absent Not done Not done Positive on day 7 Not done Regadas et al. (2018) [19]
2 Absent Not done Not done Positive on day 3 Not done Oliveira et al. (2018) [20]
3 Unspecified Not done Negative, unspecified when Negative, unspecified when  Not done Abdalla et al. (2018) [21]
4 4 Positive from days 14, Positive from days 1-3, Positive from days 1-7 Positive from days 2-3, Tan et al. (2018) [22]
negative on day 5 negative on day 4 negative on day 4

5 Absent Not done Positive from days 5-7, Not done Positive on day 5, Ricciardi et al. (2017) [23]

negative on day 15 negative on day 7
6 Absent Not done Positive, unspecified when Not done Not done Corréa-Oliveira et al. (2017) [24]
7 Unspecified Not done Positive, unspecified when Not done Not done Landais et al. (2017) [25]
8 Unspecified Not done Positive from days 1-115, Positive from days 1-8, Not done Desclaux et al. (2018) [26]

negative on day 153 negative on day 29
9 Absent Not done Not done Positive on day 9 Not done Garcia-Bujalance et al. (2017) [27]
10 Absent Not done Not done Positive on day 12 Not done Garcia-Bujalance et al. (2017) [27]
11 Absent Not done Not done Negative first sample Not done Garcia-Bujalance et al. (2017) [27]

taken on day 30
12 Absent Not done Not done Negative first sample Not done Garcia-Bujalance et al. (2017) [27]
taken on day 47

13 Absent Not done Negative first sample Positive on day 7 Not done Pradhan et al. (2017) [28]

taken on day 7
14 Unspecified Not done Positive on day 3 Positive on day 3 Positive on day 4 Percivalle et al. (2017) [29]

15 Unspecified

16 Unspecified
17 Absent

18 Absent

19 Absent

20 Absent

21 5

22 3

23 Absent

24 Unspecified

25 Absent
26 Absent
27 Absent
28 5

29 Absent
30 Absent
31 Absent
32 Absent
33 Absent
34 Absent
35 Absent
36 Absent
37 Absent
38 Absent
39 Unspecified
40 Absent

Negative first sample
taken on day 3
Positive on day 4

Not done
Not done

Not done
Not done
Not done
Not done
Not done

Not done
Not done
Not done
Positive from days 9-101,

negative on day 112.
Not done

Not done
Not done
Not done
Not done

Not done
Not done

Not done
Not done
Not done
Not done
Not done

Not done

Positive on day 6

Negative, unspecified when
Not done
Not done

Positive on day 2,
negative on day 5
Positive on day 3,
negative on day 17
Negative first sample
taken on day 5
Positive on day 7,
negative on day 9
Positive from days 5-7,
negative on day 30
Positive on day 3

Not done

Positive from days 3-45
Not done

Positive, unspecified when
Positive from days 18-107
Not done
Not done
Not done

Positive on day 2,
negative on day 3

Negative first sample
taken on day 7

Positive on day 2

Positive on day 3
Positive on day 7
Not done

Positive on day 9

Negative first sample
taken on day 23

Positive on day 3

Positive on day 4
Not done
Not done

Positive on day 5,
negative on day 24

Positive on day 10,
negative on day 17

Positive on day 5

Positive on day 9

Positive on day 30,
negative 8 months later
Positive on day 3

Not done

Positive from days 317,
negative on day 18
Positive from days 6-14,
negative on day 21

Not done

Negative, unspecified when
Not done

Not done

Not done

Positive on day 2

Negative first sample

taken on day 7
Positive on day 2

Positive on day 3
Not done

Not done

Positive on day 15

Not done

Negative on day 3

Positive on day 4
Not done
Not done

Not done
Not done
Not done
Not done
Not done

Not done
Not done
Not done
Positive from days 9-21,

negative on day 28
Not done

Not done
Not done
Not done
Not done

Not done
Not done

Not done
Not done
Not done
Not done
Not done

Not done

Katanami et al. (2017) [30]

Hashimoto et al. (2017) [31]
Acosta-Reyes et al. (2017) [32]
Acosta-Reyes et al. (2017) [32]
Sotelo et al. (2017) [33]

Cavalcanti et al. (2017) [14]
Cavalcanti et al. (2017) [14]
Cavalcanti et al. (2017) [14]
Cavalcanti et al. (2017) [14]

Penot et al. (2017) [34]
Kulkami et al. (2017) [10]
Chen et al. (2017) [35¢]

Froeschi et al. (2017) [36]

He et al. (2017) [37+¢]
Suy et al. (2016) [38]
Vomjaes et al. (2017) [39]
Vomjaes et al. (2017) [39]
Vomjaes et al. (2017) [39]
Xu et al. (2016) [40]

Nicastri et al. (2016) [41]

Nicastri et al. (2016) [41]
Nicastri et al. (2016) [41]
Azevedo et al. (2016) [42]
Azevedo et al. (2016) [42]
Fabrizius et al. (2016) [43]
do Rosario et al. (2016) [44]
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Table 1 (continued)

Patient Duration of conjunctivitis ~ Result of whole-blood Result of serum/plasma Result of urine Zika PCR Result of saliva Publication
(days) Zika PCR Zika PCR Zika PCR

41 Absent Not done Negative first sample Not done Not done do Rosario et al. (2016) [44]
taken on day 8

42 Absent Positive on day 2, Not done Positive from days 2—17, Not done Visseaux et al. (2016) [45]

negative on day 11 negative on day 37

43 Absent Not done Positive on day 3, Not done Not done Siu et al. (2016) [46]
negative on day 13

44 Absent Not done Not done Positive on day 3 Not done Gaskell et al. (2017) [47]

45 Absent Positive from days 0-81. Positive from days 0-8, Positive from days 0-14, Positive from days 0-14,  Murray et al. (2017) [48]
negative on day 14 negative on day 21 negative on day 21

46 Absent Not done Not done Not done Not done Cleto et al. (2016) [49]

47 Absent Not done Negative first sample Positive on day 7 Not done Zea-Vera and Parra et al.
taken on day 7 (2017) [50]

48 Unspecified Not done Positive, unspecified when Not done Not done Swaminathan et al. (2016) [51]

49 Unspecified Not done Negative first sample Positive on day 7 Not done Swaminathan et al. (2016) [51]
taken on day 7

50 Unspecified Done, result not reported Not done Not done Not done Arsuaga et al. (2016) [12]

51 8 Done, result not reported Not done Positive on day 24 Not done Arsuaga et al. (2016) [12]

52 Unspecified Not done Not done Positive on day 7 Not done Brent et al. (2016) [52]

53 Unspecified Not done Positive on day 6, Positive from days 6-28 Positive on day 7, Nicastri et al. (2016) [53]
negative on day 7 negative on day 17

54 Absent Not done Negative first sample Positive on day 3 Not done Brooks et al. (2016) [54]
taken day 3

55 Absent Not done Positive from days 3-9 Positive on day 3, Positive from days 5-47 Barzon et al. (2016) [55]

negative on day 14

56 Absent Not done Negative first sample Positive on day 91, Positive from days 17-91, Nicastri et al. (2016) [56]
taken on day 17 negative on day 134 negative on day 134

57 Unspecified Not done Positive on day 10 Not done Not done Zhong et al. (2016) [57]

58 Absent

59 Absent

60 Absent

61 Absent

62 Unspecified
63 Unspecified
64 Absent

65 Absent

66 11

67 Absent

68 Unspecified
69 4

70 Absent

71 Absent

72 Unspecified

73 Unspecified
74 8

75 Unspecified
76 Unspecified
77 Absent

78 Unspecified

79 3
80 7
81 Absent
82 Absent

Negative first sample
taken on day 93
Not done

Not done

Not done
Not done
Positive from days 1-4,

negative on day 11
Not done

Not done
Positive from days 6-7,

negative on day 14
Not done

Not done

Not done
Not done
Not done

Not done

Not done
Not done

Not done
Not done

Not done

Not done

Not done
Not done

Not done

Not done

Not done

Negative first sample
taken on day 19

Positive on day 4,
negative on day 9

Positive on day 3

Negative first sample
taken on day 3
Not done

Positive on day 3

Negative first sample
taken on day 5
Not done

Positive on 2nd month (day 56)
Positive, unspecified when

Positive on day 2,
negative on day 10
Negative first sample
taken on day 8
Positive from days 5-7,
negative on day 38
Positive on day 3

Positive on day 2,
negative on day 3

Negative first sample
taken on day 4

Positive, unspecified when

Positive on day 5

Positive on day 3,
negative on day 27
Not done

Negative first sample
taken on day 14
Negative first sample
taken on day 4
Not done

Negative first sample
taken on day 16

Negative first sample
taken on day 93

Negative first sample
taken on day 21

Positive on day 9

Positive on day 3

Positive on day 3

Negative first sample
taken on day 1
Not done

Negative first sample
taken on day 46
Positive from days 7-14,
negative on day 21
Not done

Not done
Positive from days 2-19

Negative first sample
taken on day 48

Positive on day 5,
negative on day 38

Positive on day 3

Positive from days 2-12,
negative on day 14
Positive on day 4

Positive, unspecified when

Positive on day 11

Negative first sample
taken on day 27
Not done

Negative first sample
taken on day 24

Negative first sample
taken on day 17

Positive on day 3

Positive on day 16

Not done
Not done
Not done

Not done

Not done
Not done

Not done

Negative first sample
taken on day 46
Positive from days 7-14,
negative on day 21
Not done

Not done

Positive on day 6,
negative on day 10
Negative first sample
taken on day 134
Negative first sample
taken on day 5
Not done

Not done
Not done

Not done
Positive on day 10

Not done

Not done

Negative first sample
taken on day 24

Negative first sample
taken on day 17

Positive on day 3

Negative first sample
taken on day 10

Mansuy et al. (2016) [58]
Harrower et al. (2016) [59]
Harrower et al. (2016) [59]

Davidson et al. (2016) [60]
Davidson et al. (2016) [60]

Prisant et al. (2016) [61]

Sharp et al. (2016) [62]
Sharp et al. (2016) [62]

Jang et al. (2016) [63]

Perez et al. (2016) [64]
Furtado et al. (2016) [13]
Reusken et al. (2016) [65]

Frank et al. (2016) [66]
Frank et al. (2016) [66]

Burillo-Martinez et al.
(2016) [67¢]

Zhang et al. (2016) [68]
Derrington et al. (2016) [69¢]

Roz¢ et al. (2016) [70]
Brasil et al. (2016) [71]
Atkinson et al. (2016) [72]

Diaz-Quifionez et al. (2016) [73]
Deckard et al. (2016) [74]

Deckard et al. (2016) [74]

D’Ortenzio et al. (2016) [75]
D’Ortenzio et al. (2016) [75]
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Table 1 (continued)

Patient Duration of conjunctivitis ~ Result of whole-blood Result of serum/plasma Result of urine Zika PCR Result of saliva Publication
(days) Zika PCR Zika PCR Zika PCR

83 Unspecified Not done Positive on day 9 Positive from days 1012 Not done Liet al. (2016) [76]

84 Absent Not done Positive on day 15 Not done Not done Bocanegra et al. (2016) [11]

85 Absent Not done Not done Not done Not done Bocanegra et al. (2016) [11]

86 Absent Not done Positive on 4th week (day 28)  Not done Not done Driggers et al. (2016) [77]

87 Absent Not done Positive on day 4 Not done Not done Cardona-Cardona and Rodriguez

Morales (2016) [78]

88 Unspecified Not done Positive from days 4-29 Positive on day 4 Positive on day 4 Barzon et al. (2016) [79]

89 Absent Not done Negative first sample Negative first sample Not done Carteaux et al. (2016) [80]
taken on day 1 taken on day 1

90 Unspecified Not done Positive from days 38-109 Not done Not done Venturi et al. (2016) [81]

91 Absent Not done Positive from days 39-93 Not done Not done Venturi et al. (2016) [81]

92 4 Not done Not done Not done Not done Deng et al. (2016) [15]

93 Absent Negative first sample taken Not done Positive on day 17 Not done Karimi et al. (2016) [9]

on day 17

94 Unspecified Not done Positive, unspecified when Not done Not done Weitzel and Cortes (2016) [82]

95 Unspecified Not done Not done Not done Not done Chen (2016) [83]

96 Absent Not done Negative first sample Not done Not done Gyurech et al. (2016) [84]
taken on day 6

97 Absent Not done Positive on day 6 Positive on day 7 Not done Korhonen et al. (2016) [85]

98 Unspecified Not done Not done Not done Not done Shinohara et al. (2016) [86]

99 Absent Not done Negative first sample Not done Not done Zammarchi et al. (2015) [87]
taken on day 4

100 Unspecified Not done Not done Not done Not done Summers et al. (2015) [88]

101 Unspecified Not done Negative first sample Not done Not done Tappe et al. (2015) [89]
taken on day 3

102 Unspecified Not done Positive on day 3 Not done Not done Alera et al. (2015) [90]

103 Unspecified Not done Positive on day 6, Positive on day 6 Not done Fonseca et al. (2014) [91]
negative on day 10

104 Unspecified Not done Positive on day 5, Not done Not done Weehre et al. (2014) [92]
negative on day 36

105 Unspecified Not done Negative first sample Not done Not done Ochler et al. (2014) [93]
taken on day 8

106 Absent Not done Positive on day 5 Not done Not done Kutsuna et al. (2014) [94]

107 Unspecified Not done Negative first sample Positive on day 6 Not done Kutsuna et al. (2014) [94]
taken on day 6

108 Unspecified Not done Positive on day 5 Not done Not done Kwong et al. (2013) [95]

109 Absent Not done Negative first sample Not done Not done Foy et al. (2011) [96]
taken on day 4

110 Absent Not done Negative first sample Not done Not done Foy et al. (2011) [96]
taken on day 5

111 Unspecified Not done Negative first sample Not done Not done Foy et al. (2011) [96]

taken on day 5

or cohort studies (90%). The rash often developed within the
first 2 days of illness and was unlikely to occur after the first
week of symptoms. It lasted an average of 4.6 days. The rash
most commonly manifested as maculopapular (42.1%), but
could also include hemorrhagic signs (8.4%) (Fig. 5).
Possibly because of the inclusion of rash but not conjuncti-
vitis in the case definition, there were fewer patients who had
reported conjunctivitis compared to rash (37% versus 83.6—
90%) in the published case reports. Patients tended to develop
conjunctivitis early in the course of the disease (median of day
1.5), and this often coincided with the onset of rash. The dura-
tion of conjunctivitis was on average slightly longer than that of
rash (4.6 versus 5.6 days). Due to the limitations of serial test-
ing for Zika virus infection, it is not possible to determine the
relationship between the duration of fever and/or conjunctivitis
and infectivity. There are reports of persistence of Zika virus in

conjunctival fluids for up to a month after the onset of infection
raising the possibility that tears like other body fluids may be an
important mode of transmission [106].

The diagnosis of Zika versus other flaviviruses is a challeng-
ing one. Chikungunya and dengue viruses are both flavivurses
that are also transmitted by the Aedes spp. mosquito, and thus
often endemic in the same geographic locations as Zika.
Hanley et al. compared the common clinical and laboratory
features of Zika with that of dengue infections in 2 prospective
cohorts of patients in Singapore. In this study, there were 130
cases of Zika and 175 cases of dengue. It was found that the
presence of both a rash and conjunctivitis within the first 5 days
of symptom onset in a suspected case increased the probability
of Zika infection by 35 to 44%, but had no effect on the post-
test probability of dengue infection. Conversely, the absence of
rash in the first 5 days of symptomatic illness decreased the
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Fig. 5 Maculopapular rash in a patient with Zika virus infection

probability of Zika infection by approximately 35 to 44%
[107¢¢]. In line with the case reports reviewed above, another
analysis of the same two cohorts showed conjunctivitis to be
more important than rash in distinguishing zika virus infection
from dengue fever. This was recently shown in a validated
model [108].

Singapore is one of the few high-income countries that
have experienced Zika outbreaks. The actual specific diagno-
sis of Zika virus infection is complicated by the high degree of
cross-reactivity between the different flaviviruses. While there
are commercially available serodiagnostics available for Zika
virus infection, they lack specificity. PCR is much more spe-
cific but availability is limited in the predominantly resource-
limited countries where Zika virus infection has occurred. The
World Health Organization (WHO) and United States Centers
for Diseases Control and Prevention (US CDC) case defini-
tions of Zika virus infection both incorporate rash as one of the
clinical criteria for diagnosis of Zika virus infection. As such,
it is possible that rash is over-represented as a clinical mani-
festation in published reports or case series of Zika virus in-
fection as cases would not be tested or diagnosed with Zika
virus infection in the absence of rash in settings with relatively
limited resources.

The timing of rash appearance may also help distinguish
Zika versus dengue infection. Meltzer et al. retrospectively
analyzed 49 cases of travelers with Zika infection and sug-
gested that the onset of rash in Zika is usually in the first 2 days
of symptoms, compared with dengue infection, where rash
onset is usually at defervescence, around the fifth day of
symptoms. This is consistent with our finding that the median
onset of rash in individual adult patients with acute Zika in-
fection is day 1, and mean onset is day 2 [109¢].

For neonates with congenital Zika syndrome, the presence
or absence of redundant scalp skin is not often highlighted in
the literature. In Van der Linden et al.’s study, 3 infants with
craniofacial disproportion who were normocephalic at birth

@ Springer

had redundant scalp skin, but later progressed to develop post-
natal microcephaly [17¢]. Three other cases in the literature
had redundant scalp skin associated with severe microcephaly.
Further prospective studies are required to evaluate whether
redundant scalp skin at birth in a normocephalic infant with
congenital Zika syndrome can predict the development of
postnatal microcephaly. There were no mucosal features re-
ported in congenital Zika syndrome or in the single infant who
had acute Zika infection via transmission through
breastfeeding.

Conclusion

Zika has emerged as a major cause of morbidity particularly
from the point of view of neurological complications and the
congenital zika syndrome. While mucocutaneous complica-
tions are common, they are often non-specific. It is important
for every clinician working in a climate where the Aedes spp.
mosquito is prevalent to recognize the spectrum of these signs,
especially as the presence of rash with conjunctivitis may
guide diagnostic testing to improve the management of pa-
tients with acute febrile illnesses in particular pregnant
women.
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