
RESEARCH ARTICLE

Prevalence of arboviruses and other

infectious causes of skin rash in patients

treated at a tertiary health unit in the Brazilian

Amazon
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Abstract

Background

In the clinical course of diseases such as arboviruses, skin rashes may appear, as is often

seen in other infectious diseases. The aim of this study was to estimate the prevalence of

arboviruses and other infectious causes of skin rash in a tertiary health unit in Manaus, Ama-

zonas state, Western Brazilian Amazon

Methodology/Principal findings

This was a cross-sectional study of patients presenting with rash who sought care at Fun-

dação de Medicina Tropical Dr. Heitor Vieira Dourado (FMT-HVD) from February 2018 to

May 2019. Individuals of either gender, aged over 18 years, were invited to participate volun-

tarily. Infection by Zika virus (ZIKV), dengue virus (DENV), chikungunya virus (CHIKV),

Mayaro virus (MAYV), Oropouche virus (OROV) and measles was evaluated using RT-

qPCR (real-time polymerase chain reaction). Immunodiagnostic tests for EBV, CMV, HIV,

syphilis, rubella and measles were also performed. A total of 340 participants were included,

most were female (228, 67.1%) with an average age of 36.5 years (SD ± 12.2 years). The

highest prevalence was of ZIKV monoinfections (65.3%, 222/340), followed by DENV

(0.9%, 3/340) and CHIKV infection (0.3%, 1/340). No cases of MAYV, OROV or rubella

were found. Other causes of skin rash were detected: measles (2.9%, 10/340), parvovirus

B19 (0.9% 3/340), HIV (0.3%, 1/340) and syphilis 0.6% (2/340). The co-infections identified

were ZIKV+HIV (0.3%, 1/340), ZIKV+measles (0.3%, 1/340), ZIKV+parvovirus B19 (0.3%,
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1/340), ZIKV+EBV (0.3%, 1/340), EBV+parvovirus B19 (0.3%, 1/340), CMV+parvovirus

B19 (0.6%, 2/340), CMV+syphilis (0.3%, 1/340), ZIKV+EBV+parvovirus B19 (0.3%, 1/340)

and CMV+EBV+parvovirus B19 (0.9%, 3/340). Approximately one quarter of patients had

no defined cause for their skin rash (25.3%, 86/340).

Conclusions

Despite the benign clinical evolution of most of the diseases diagnosed in this series of

cases, syndromic surveillance of diseases such as syphilis and HIV are of utmost impor-

tance. Periodic serosurveillance might also aid in evaluating the trends of endemic diseases

and eventual outbreaks.

Author summary

Arboviruses are transmitted to humans by infected arthropods mostly mosquitoes, many

of which lay their eggs in containers with standing water in our homes. Dengue and Zika

are some of the examples of these viruses that are responsible for affecting many people in

big cities every year. The illnesses can cause fever, malaise, and red patches on the skin

that may or may not itch. This study aimed to investigate whether people with red patches

on their skin had these diseases transmitted by mosquitoes, in Manaus, Brazil. In addition,

we investigated whether they were ill from other causes, as several other illnesses can also

cause red patches on the skin. The exams were carried out on 340 people, men and

women over 18 years of age. It was identified that 231 people were sick from arboviruses,

227 of which were sick from Zika, 3 from dengue and 1 from chikungunya. Other causes

of red spots were also identified, as was the case of sexually transmitted infections syphilis

and HIV, with two and three positive cases for each disease, respectively. In addition,

some cases of diseases such and measles, which are transmitted by sneezing or coughing,

have been identified.

Introduction

Arboviruses are a group of viruses that are transmitted by arthropods. Most arboviruses belong

to the genera Alphavirus (Togaviridae family) and Flavivirus (Flaviviridae family); other mem-

bers that can affect human health are from the Bunyaviridae, Reoviridae, and Rhabdoviridae
families [1]. These characteristically have a wide geographic distribution, which is associated

with the presence of the vector, and cause asymptomatic infections or febrile diseases in

humans in both enzootic and urban cycles [2].

Arboviruses are responsible for over 40,000 deaths per year worldwide and a high burden

and cost to health systems [3,4]. Cases of dengue virus (DENV) infection in Latin America, for

example, are responsible for spending that exceeds $3 billion annually [5]. In Brazil, for

instance, total costs with the management of the principal arboviruses (Zika, dengue and chi-

kungunya) caused an expenditure of US$ 430,711,610 in 2016 [6].

In addition to the economic impacts, some arboviruses interfere directly with the patient’s

occupational life; for example, although most CHIKV-infected patients show full recovery

after the acute phase of the disease, severe arthralgia can last weeks or months, whereas ZIKV

is capable of developing a syndrome called Guillain-Barré, which causes weakness and
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generalized muscle paralysis [7]. ZIKV in pregnant women was associated with the outbreak

of microcephaly in Brazilian newborns in 2016 [8].

Arboviruses can cause a variety of clinical presentations that range from mild to life threat-

ening symptoms. However, the clinical condition of arbovirus infections is usually constituted

by fever, headache, myalgia, arthralgia, and joint edema [9]. More than half of patients have

skin rash associated with one of these classic symptoms [10]. Rash is any rash associated or not

with mucosal lesions, fever and other symptoms, which may be a manifestation of infectious

disease or an adverse reaction to a medication [11].

In arboviruses, the type of rash may vary according to the virus causing the disease, and it

may appear between the first and twelfth day after the onset of the first symptoms [12,13]. In

chikungunya infections, rashes occur in approximately 50% of patients, while in dengue and

Zika, they may occur in between 50% to 82% and 90% to 100% of cases, respectively [14,15].

The implications of rashes on prognosis and clinical course of arboviruses are still unclear [10].

Other viral infections, such as HIV, parvovirus B19, Epstein-Barr mononucleosis and cyto-

megalovirus, rubella and measles, may also cause skin rashes, as well as bacterial infections,

such as syphilis, whose classic palm-plantar rash appears in the secondary stage of the disease

[9,16].

During 2018, there was a resurgence of measles cases in northern Brazil, which was mainly

associated with the increase in Venezuelan immigrants combined with the low vaccination

coverage, and contributed to the outbreak of cases in all age groups [17].

The current study aims to estimate the prevalence of arbovirus infection and other infec-

tious causes in patients with acute skin rashes who were treated at a tertiary health unit in

Manaus, Brazil.

Methods

Ethics statement

The study protocol was approved by the Ethics Review Board (ERB) of the Fundação de Medi-

cina Tropical Doutor Heitor Vieira Dourado (FMT-HVD) under CAAE number

80961517.6.0000.0005 and protocol number 2.611.564, and followed the Guidelines and

Norms Regulating Research on Human Subjects established in National Health Council Reso-

lution 466/12/MS. Written informed consent was obtained from all the participants.

Study area

Manaus (3˚ 1’ S, 60˚ 02’ W), located in the Brazilian Amazon (at the confluence of the Negro

and Solimões Rivers), is the capital of the Amazonas state, in northern Brazil and has a territo-

rial area of 11,401,092 km2. In 2018, its population was estimated at 2,145,444 inhabitants, the

population density of the municipality was 158.06 inhab/km2 and the Municipal Human

Development Index (HDI) was 0.737. It is the most populous city in the northern region and

the seventh most populous in Brazil. The majority of the population (99.5%) lives in the urban

areas of the municipality [18].

FMT-HVD, is a tertiary health unit for the diagnosis, treatment, and monitoring of tropical

and infectious diseases in the Western Brazilian Amazon. Patients can seek medical assistance

directly or be referred to the hospital from primary-level healthcare units.

Study design and population

This is a cross-sectional study based on convenience sampling conducted with patients with

acute rashes, with or without fever, who sought care at the FMT-HVD from February 2018 to
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May 2019. Individuals of either sex aged 18 years and over, who had skin rashes and the ability

to provide formal consent were invited to voluntarily participate in the study. Pregnant

women were excluded from the study.

Sample collection and laboratory analyses

After voluntary consent, patients were seen by the physician and biological samples (blood

and urine) were collected. Blood was obtained by venipuncture for HIV 1 and 2 immunochro-

matographic testing (MedTest HIV, MedLevensohn, Yuhang District, Hangzhou, China) and

TR DPP-HIV 1e 2-SSP (Bio-Manguinhos, Rio de Janeiro, Brazil), and syphilis (Immuno-Fast

Syphilis, REF 625020, Wama Diagnostic, São Carlos/SP, Brazil) testing. Positive results for

HIV through immunochromatographic testing were confirmed by detection of anti-HIV anti-

bodies using ELISA [19] and syphilis was confirmed by quantifying antibody titers against

syphilis by VDRL, according to the protocol of the Brazilian Ministry of Health [20]. Hemato-

logical analyses were performed using automatic testing equipment (HORIBA ABX, PENTRA

120).

Blood plasma was used in serological and molecular biology techniques in order to evaluate

infections caused by Zika, dengue, chikungunya, Mayaro, parvovirus B19, Epstein-Barr, cyto-

megalovirus, measles and rubella. Urine samples were used to evaluate Zika, chikungunya and

measles infections. The hCG QUICKSTRIP rapid pregnancy test (Ebram, São Paulo, Brazil)

was used to test women’s urine.

ZIKV, DENV, CHIKV, MAYV, OROV and measles infections were evaluated using RT-

qPCR (real-time polymerase chain reaction) analysis of plasma and urine. A ZDC Kit (Bio-

Manguinhos, Fiocruz), which is approved by the National Health Surveillance Agency/

ANVISA (registration no. 80142170032), was used to evaluate ZIKV, DENV and CHIKV

infection, while MAYV, OROV and measles infections were evaluated according to the meth-

odologies described by Waggoner et al. [21], Naveca et al. [22] and Hummel et al. [23], respec-

tively. The CT values were defined according to each of the previously mentioned diagnostic

protocols.

Parvovirus B19, Epstein-Barr, cytomegalovirus, measles and rubella infections were

assessed through qualitative detection of IgM class antibodies using ELISA and the Euroim-

mun kit (Euroimmun, Lübeck, Germany) according to the manufacturer’s instructions.

Reagent and undetermined samples were revaluated using the electrochemiluminescence

method. The commercial kit for the LIAISON analyzer (DiaSorin, Italy) was used to establish

confirmation via immunodiagnosis.

Definitions

Confirmed infection with dengue, chikungunya, Zika, Mayaro, or Oropouche was defined as a

positive result by RT-qPCR for each one of these diseases.

Confirmed infection with parvovirus B19, rubella, mononucleosis caused by Epstein-Barr,

and cytomegalovirus were defined as positive result after using the electrochemiluminescence

method.

Confirmed infection of measles was defined as a positive IgM result in an immunodiagnos-

tic test or a positive RT-qPCR result from a urine sample according to the criterion of the Bra-

zilian Ministry of Health.

Confirmed infection with HIV and syphilis were defined as a positive result from immuno-

chromatographic testing confirmed by detection of anti-HIV antibodies by ELISA and syphilis

was confirmed by quantifying antibody titers against syphilis using VDRL, according to the

protocol of the Brazilian Ministry of Health.
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Statistical analysis

All clinical and laboratory data obtained from patients were collected through standardized

questionnaires and recorded using Epi Info software (version 7, CDC, Georgia, USA). Analysis

was performed using Stata software version 13 (Stata Corp LP, Texas, USA). Descriptive analy-

sis was presented by percentage distribution according to each category and mean and stan-

dard deviation were calculated for the continuous variables. The Pearson Chi-square test and

Fisher exact test were used to determine the association between categorical variables. We

used the t test to compare means in cases where the distributions were parametric; for non-

parametric distribution, we used the Mann-Whitney test. The significance level defined was

p< 0.05, and the confidence level was 95%.

Results

Between February 2018 and May 2019, a total of 435 patients with acute rash sought care at

FMT-HVD, of which 340 were included in this study (Fig 1).

Characteristics of the study population

See Table 1 for the baseline and clinical characteristics of all patients included in the study.

The average age of the patients was 36.5 years (SD ± 12.2 years, range 18 to 80 years), 67.1%

were females (228/340) and 86.2% were brown-skinned (293/340). The most frequent signs

and symptoms observed in all patients were a skin rash with a maculopapular characteristic

(90.5%, 305/340), with a mean evolution of 2.3 days (SD ± 1.7 days) from the onset of

Fig 1. Flowchart of inclusion of patients treated at FMT-HVD for skin rash.

https://doi.org/10.1371/journal.pntd.0010727.g001
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symptoms until medical attention was sought at FMT-HVD. Pruritus (87.6%, 298/340),

arthralgia (71.5%, 243/340), edema (63.2%, 215/340), conjunctival hyperemia (57.2%, 191/340)

and fever (50.6%, 172/340) were the other sign and symptoms observed in the included

patients. The mean time from the onset of general signs and symptoms to the moment of col-

lection of biological material for diagnosis was 3.9 days (SD ± 2.4 days) in the population. By

stratifying in a period of days, we observed that most patients (47.9%, 163/340) experienced 3

to 5 days of signs and symptoms, followed by the group of patients from 0 to 2 days of symp-

toms (30.3%, 103/340).

A similar pattern for baseline and clinical characteristics was observed with regard to the

confirmed ZIKV cases (Table 2).

The average age of the ZIKV-positive patients was 38.4 years (SD ± 12.2 years, range 18 to

80 years), the majority were female (67.1%, 154/222) and brown-skinned (83.8%, 186/222).

The mean quantity of days since the onset of symptoms the moment of collection of biological

material for diagnosis in ZIKV-positive patients versus patients that tested positive for other

infections was 3.8 ± 2.3 (minimum: 1 day maximum: 16 days) versus 4.6 ± 2.3 (minimum: 1

day, maximum: 17 days); p = 0.0401. We did not find significant statistical difference in the

signs and symptoms between ZIKV-positive versus patients that tested positive for other

infections.

Table 1. Baseline and clinical characteristics of patients with rash, FMT-HVD, Manaus, February 2018 to May

2019.

Characteristics Total (N = 340)

n (%) or Mean ± SDa

Age (years) 36.5 ± 12.2

18 to 40 226 (66.5)

41 to 59 99 (29.1)

� 60 15 (4.4)

Gender Male 112 (39.9)

Female 228 (67.1)

Race White 40 (11.8)

Black 3 (0.9)

Brown 293 (86.2)

Indigenous 1 (0.3)

Other 3 (0.9)

Days since onset of symptomsb 3.9 ± 2.4

0 to 2 103 (30.3)

3 to 5 163 (47.9)

6 to 8 64 (18.8)

� 9 10 (3.0)

Signs and symptoms Maculopapular rash 305 (90.5)

Pruritus 298 (87.6)

Fever 172 (50.6)

Edema 215 (63.2)

Arthralgia 243 (71.5)

Conjunctival hyperemia 191 (57.2)

aMean ± standard deviation.
bDays from the onset of symptoms until medical attention and collection of laboratory specimens. Minimum value: 1

day of symptom; maximum value: 17 days of symptoms.

https://doi.org/10.1371/journal.pntd.0010727.t001
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See S1 Table for the baseline and clinical characteristics of all infection-negative patients

included in the study. The characteristics of the monoinfections and co-infections-positive

patients are described in the supporting information (S2 and S3 Tables), respectively.

Frequency of arboviral infections

See Table 3 for the frequencies of arboviral infection. Out of the 340 samples that were tested,

67.9% (231/340) participants were confirmed as having one of the arboviral infections (ZIKV,

DENV or CHIKV). The highest prevalence corresponded to ZIKV monoinfections (65.3%,

222/340). Three patients had confirmed dengue infection (0.9%, 3/340) and there was one case

of CHIKV infection (0.3%, 1/340). No cases of MAYV and OROV infection were found. Most

of the cases of arboviruses described in this work were diagnosed between February and May,

and this occurred both in 2018 and 2019. See Fig 2 for the rashes observed in patients diag-

nosed with arboviruses.

Table 2. Baseline and clinical characteristics of patients with Zika infection and other infectious causes of rash, FMT-HVD, Manaus, February 2018 to May 2019.

Characteristics Zika positive (N = 222) Other infectionsa (N = 27)

n (%) or Mean ± SDb n (%) or Mean ± SD p-valuec

Age (years)d 38.4 ± 12.2 29.1 ± 7.3 0.001

Agee 18 to 40 130 (58.6) 24 (88.9) 0.008

41 to 59 81 (36.5) 3 (11.1)

� 60 11 (4.9) 0

Gendere Male 68 (30.6) 12 (44.4) 0.189

Female 154 (69.4) 15 (55.6)

Racee White 29 (13.1) 1 (11.1) 1.000

Black 3 (1.3) 0

Brown 186 (83.8) 24 (88.9)

Indigenous 1 (0.4) 0

Other 3 (1.4) 0

Days since onset of symptomsdf 3.8 ± 2.3 4.6 ± 2.3 0.0401

Days since onset of symptomse 0 to 2 66 (29.7) 4 (14.8) 0.140

3 to 5 115 (51.8) 15 (55.6)

6 to 8 36 (16.2) 6 (22.2)

� 9 5 (2.3) 2 (7.4)

Signs and symptomsg Maculopapular rash 203 (91.4) 25 (92.6) 0.839

Pruritus 203 (91.4) 24 (88.9) 0.659

Fever 117 (52.7) 17 (63.0) 0.313

Edema 150 (67.6) 18 (66.7) 0.925

Arthralgia 167 (75.2) 20 (74.1) 0.896

Conjunctival hyperemia 146 (65.8) 13 (48.2) 0.072

aOther infections (DENV = 3, CHIKV = 1, parvovirus B19 = 3, measles = 10, HIV = 1, syphilis = 2, EBV + Parvovirus B19 = 1, CMV + Parvovirus B19 = 2, CMV + EBV

+ Parvovirus B19 = 3, total = 27).
bMean ± standard deviation.
cUnadjusted p-value.
dMann-Whitney test.
eFisher exact test.
fDays from the onset of symptoms until medical attention and collection of laboratory specimens. Minimum value: 1 day in Zika and other infections positive patients.

Maximum value: 16 days in Zika positive and 17 days in other infections positive patients.
gPearson Chi-square test.

https://doi.org/10.1371/journal.pntd.0010727.t002
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Frequency of other infectious diseases may also cause rash

See Table 3 for prevalence of arbovirus and other infectious diseases that may also cause rashes.

Other monoinfectious diseases that were detected were parvovirus B19 (0.9%, 3/340), and

measles (2.9%, 10/340). HIV monoinfections and syphilis accounted for 0.3% (1/340) and

0.6% (2/340), respectively. No cases of rubella, CMV and EBV mononucleosis were found. See

Fig 3 for the rashes observed in patients diagnosed with other infectious diseases in this study.

Frequency of co-infections

See Table 3 for frequency of co-infections. The co-infections identified were involved ZIKV

+HIV (0.3%, 1/340); ZIKV+measles (0.3%, 1/340); ZIKV+parvovirus B19 (0.3%, 1/340); ZIKV

+EBV (0.3%, 1/340). We also observed co-infections involving: EBV+parvovirus B19 (0.3%, 1/

340); CMV+parvovirus B19 (0.6%, 2/340), CMV+syphilis (0.3%, 1/340); CMV+EBV+-

parvovirus (0.9%, 3/340) and ZIKV+EBV+parvovirus B19 (0.3%, 1/340).

A total of 25.3% (86/340) of patients were negative for all infectious agents tested in this

study. The baseline and clinical characteristics of them are described in supporting informa-

tion (S1 Table).

Discussion

Our findings reveal that a total of 340 patients, 74.7% (256/340) tested positive for at least one

of the diseases evaluated in this study. The highest frequencies corresponded to arbovirus

monoinfections such as ZIKV (65.3%, 222/340), followed by other etiologies such as measles

(2.9%, 10/340), DENV (0.9%, 3/340), parvovirus B19 (0.9%, 3/340) and CHIKV (0.3%, 1/340).

Table 3. Prevalence of arboviruses and other infectious causes of rash and co-infections in patients treated at

FMT-HVD, Manaus, between February 2018 to May 2019.

Monoinfections (N = 340) n (%)

ZIKV 222 (65.3)

DENV 3 (0.9)

CHIKV 1 (0.3)

Parvovirus B19 3 (0.9)

Measles 10 (2.9)

HIV 1 (0.3)

Syphilis 2 (0.6)

Co-infections

ZIKV + HIV 1 (0.3)

ZIKV + Measles 1 (0.3)

ZIKV + Parvovirus B19 1 (0.3)

ZIKV + EBV 1 (0.3)

EBV + Parvovirus B19 1 (0.3)

CMV + Parvovirus B19 2 (0.6)

CMV + Syphilis 1 (0.3)

ZIKV + EBV + Parvovirus B19 1 (0.3)

CMV + EBV + Parvovirus B19 3 (1.2)

Negative for all infections tested 86 (25.3)

EBV: Epstein-Barr; CHIKV: Chikungunya virus; CMV: Cytomegalovirus; DENV: Dengue virus; HIV: Human

Immunodeficiency Virus; ZIKV: Zika virus.

https://doi.org/10.1371/journal.pntd.0010727.t003
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Fig 2. Rash observed in patients with diagnosis for arboviruses. (A and B) rash observed on thorax and upper limbs

of ZIKV-positive patient. (C and D) peeling rash on face and lower limb edema of a CHIKV-positive patient. (E and F)

rash observed on thorax, abdomen and upper limbs of a dengue-positive patient.

https://doi.org/10.1371/journal.pntd.0010727.g002

Fig 3. Rashes observed in patients diagnosed with other infectious diseases in this study. (A and B) rash observed

on thorax and abdomen of an HIV-positive patient. (C and D) rash observed on thorax and upper limbs of a syphilis-

positive patient. (E and F) rash observed on anterior and posterior thorax of a measles-positive patient.

https://doi.org/10.1371/journal.pntd.0010727.g003
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HIV and syphilis monoinfections accounted for 0.3% (1/340) and 0.6% (2/340). Monoinfec-

tions by EBV and CMV were not observed.

Accordingly, in the context of screening for agents that cause rash, the frequency of ZIKV

was higher. Arboviruses have a variety of signs and symptoms that are often confused with

other infectious diseases. Therefore, many cases can be clinically misdiagnosed. All partici-

pants included in this study had a clinical history that was suggestive of arbovirus infection.

However, we also investigated and found other causes of skin rash due to the possibility that

other infectious agents were responsible for these febrile and non-febrile illnesses.

The participants of this study were mostly women with an average age of 36 years, which

demonstrates that this would potentially be the gender and age group most affected by arbovi-

ruses. Other studies have also found similar results and have suggested that women are possi-

bly more affected by arboviruses because they are in the home environment for longer periods

and, since transmission is mainly at home and in peridomestic areas, the difference may be

justified by the higher exposure, or because they tend to be more inclined to seek the health

services [24,25]. The high prevalence of ZIKV among women of childbearing highlights the

importance of prevention measures in this group in order to avoid adverse outcomes such as

congenital Zika syndrome.

Regarding the prevalence of arboviruses, ZIKV monoinfection presented a high prevalence

(65.3%, 222/340). High ZIKV prevalence has already been observed in several states of Brazil,

as this disease was in a state of outbreak, especially in the southeast and northeast [26]. Few

studies confirmed cases of ZIKV in northern Brazil, though one recent study reported a fre-

quency of 4.3% (7/164) of confirmed cases of ZIKV in the state of Rondônia [27]. Factors such

as large population displacements, the presence of vectors and hot and humid climate condi-

tions are conducive to the spread of diseases such as ZIKV in the Amazon region [28], and

these aspects directly affect the seasonality of arboviruses, which generally occur mainly during

the rainy periods of the year [29], and this was an aspect that was also evidenced throughout

this study. In Brazilian cities like Manaus, where DENV is already highly endemic, the intro-

duction of ZIKV puts thousands of people at risk of co-infection with these two or more

potentially highly pathogenic arboviruses, since CHIKV, MAYV and OROV are also responsi-

ble for cases in this region [30].

DENV and CHIKV presented low prevalence in this study. Chaves et al. [30] used experi-

mental Aedes aegypti co-infections with DENV and ZIKV strains to demonstrate that this

mosquito population has a higher efficiency and a preference for transmitting ZIKV in DENV

co-infections in the vector, which may justify the low prevalence of DENV and CHIKV during

the period of the ZIKV outbreak in Manaus.

DENV outbreaks have already been described in the last twenty years in the city of Manaus,

and the last one occurred in 2011. That year, a prevalence of 38.4% (260/677) of cases was

detected in the same tertiary health unit where we conducted our study. Furthermore, thirteen

patients were co-infected with more than one DENV serotype and six (46.1%) of them had a

more severe clinical presentation of the disease. Numerous serious cases were recorded, as well

as the proof of circulation of the four serotypes of the disease in the region [31,32].

In our study, no cases of MAYV and OROV infection were found. The last outbreaks of

MAYV and OROV in Manaus were recorded in 2007 and 2008, which included three records

of severe manifestations of central nervous system infections by OROV [33–35]. In 2018, in

the city of Tefé, in the state of Amazonas, Brazil, nine cases (30%, 9/30) of human OROV infec-

tion were confirmed, thus proving the continuity of virus circulation and autochthonous

transmission in the state of Amazonas [36]. It is important to investigate these viruses since

fever (with/without skin rash) caused by OROV, for example, is less well studied, but it is
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believed to have caused more than 500,000 febrile infections in Brazil in recent decades. Such

cases could easily be clinically misdiagnosed as dengue infections [37].

Our study revealed some cases of co-infections. It has already been mentioned that we used

only IgM antibody quantification to diagnose some of the rash-causing diseases (CMV, EBV,

parvovirus B19 and measles). Most of the co-infections in this study involved these viruses.

The simultaneous appearance of IgM that was reactive for more than one virus is not a new

phenomenon in diagnostic virology. In these cases, for example, studies indicate that a primary

infection can be confirmed by antibody avidity as another immunodiagnosis option. Avidity

tests will confirm a primary infection by detecting low avidity specific IgG or rule out a pri-

mary infection by detecting high avidity specific IgG [38]. However, we did not perform an

avidity test since this methodology is not performed in the hospital routine where we devel-

oped our study. Despite this, any indeterminate or positive IgM samples were reevaluated

using the electrochemiluminescence method for diagnostic confirmation.

In the study population, a single ZIKV and HIV co-infection was evidenced. Information

on the influence of ZIKV infection on the clinical course of HIV is scarce and requires studies

that are able to clarify whether HIV infection can worsen the clinical course of ZIKV infection

or vice versa [39].

We also observed a single ZIKV and measles co-infection, and this finding is important

because, during arbovirus outbreaks, paying attention only to morbilliform rash can mask the

possible diagnosis of other infectious agents such as measles. The availability of serological

tests, a complete medical history, and physical examinations are an important part in the diag-

nosis and the screening of patients for common infections such as measles and should be con-

sidered during an arbovirus outbreak as this infection still remains endemic in several parts of

the world, as well as in places where diseases were reintroduced, as in the case of Brazil. Other

co-infections including ZIKV were ZIKV+parvovirus B19 (0.3%, 1/340) and ZIKV+EBV

(0.3%, 1/340). The interactions between these diseases should be studied in greater depth.

We also noticed measles cases (2.9%, 10/340), which is an infectious disease that has sup-

posedly been eliminated from Brazil [40]. During 2018, there was a resurgence of cases in Bra-

zil, mainly associated with the increase in Venezuelan immigrants, and which marked the

reintroduction of the disease to Brazil, with cases initially confirmed in the state of Roraima

[41]. In 2018, in the state of Amazonas, more than 8,000 suspected cases were reported and

about 1,000 cases were initially confirmed [17].

Classically, measles is characterized by an acute febrile illness associated with a erythema-

tous, maculopapular rash. The illness begins with fever and typically at least one of the three

“Cs”: cough, coryza, and conjunctivitis. Koplik’s spots appear on the buccal mucosa as small

white papules and provide an opportunity to clinically diagnose measles a day or two before

the rash. The rash appears 3–4 days after the onset of fever, first on the face and behind the

ears, and then spreads to the trunk and extremities, coinciding with development of the adap-

tive immune response. The fever and catarrhal symptoms typically peak with the rash, which

persists for 3–4 days [42].

In our study, patients diagnosed with measles had mild symptoms, many of which resem-

bled symptoms of arboviruses, and, at the time of care, they did not have the classic flu-like

symptoms (cough and coryza). The average of the days since the onset of symptoms to the

time of medical care and collection of specimens for laboratory diagnosis was 4.3 days (SD ± 2.

5 days). Most measles-positive patients had between 3 to 5 days (60.0%, 6/10). Many of the

cases were treated in the first months of 2018, which was the beginning of the measles outbreak

in Manaus, and a time when there was no efficient screening system for suspected cases in the

city. As such, some mild cases, such as those in this study, may have received other diagnoses

of exanthematic diseases that were not measles. However, during the outbreak period, this

PLOS NEGLECTED TROPICAL DISEASES Infectious causes of skin rash in Manaus, Brazil

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010727 October 13, 2022 11 / 18

https://doi.org/10.1371/journal.pntd.0010727


study showed a significant prevalence of the disease, which can be explained by the establish-

ment of a screening and care system for suspected measles cases in the unit where we carried

out our study. This was right after the disease outbreak since it is the reference institution for

infectious diseases in Manaus.

Sexually transmitted infections, such as HIV and syphilis, are also responsible for rashes

[11,13], and these are aspects that we also evidenced in the study population. In the case of

HIV, rash is usually one of the manifestations of the acute phase of infection, usually associated

with fever, weight loss and flu-like symptoms [43]. Rashes due to syphilis, however, are

described as one of the possible manifestations of the secondary phase of the disease, and may

occur in up to 80% of cases [16]. Syphilis is an infectious disease that can manifest itself in

many ways, owing to its varied and often subtle manifestations that can mimic other infections

[44].

The rash of secondary syphilis can be widespread or localized; pustular, macular, papular,

or scaly in appearance; and might mimic other dermatological processes including pityriasis

rosea, psoriasis, drug eruptions. Symptoms like malaise, myalgia, sore throat, headache or low-

grade fever can commonly occur, but are not so frequent. Due to its multiple forms of clinical

manifestations, many clinicians may not initially suspect the disease. Without treatment,

lesions of secondary syphilis can disappear spontaneously without scars. Resolution of

untreated manifestations of secondary syphilis can take weeks to several months [45]. In our

study, the two syphilis monoinfection (0.6%, 2/340) patients diagnosed with the disease had an

average of 2 days of symptoms (SD ± 1) and presented a clinical picture that was not similar to

the classic secondary syphilis picture that is described in the literature. We had one co-infec-

tion of syphilis and CMV (0.3%, 1/340). Few cases of this disease were detected in this study

due to the screening system for sexually transmitted syphilis infections in the health unit

where we conducted the study. Thus, patients with classic illnesses were soon diagnosed and

treated, and did not undergo outpatient triages for diseases such as arboviruses.

Among the other causes of rash in the evaluated patients, parvovirus B19 monoinfection

(0.9%, 3/340) was observed. Most cases of parvovirus B19, for example, are described in the

child population, but some studies demonstrate the occurrence of cases in adult individuals. In

a study carried in Campinas, Brazil, that investigated etiologies of illnesses that cause rashes

and fever showed a frequency of 2.5% (30/519) of parvovirus B19 infection. In another study

conducted in Cuba, the frequency of rashes caused by parvovirus B19 was 10.7% (32/298), and

11 positive cases (34.4%) were in people from 20 years and older (p< 0.05) [46]. The identifi-

cation of parvovirus B19 as a causative agent of rash and fever in Manaus was first described in

1999, in which 27 cases (2.43%) were reported during that year’s DENV outbreak [47].

As previously mentioned, all patients had skin rash and clinical history of arbovirus infec-

tion. However, 25.3% (86/340) of patients were negative for all infectious agents tested in this

study. We believed that most of these participants who tested negative for all infections would

be infected with an arbovirus, as they presented clinical signs that were suggestive of these dis-

eases at the time of inclusion, but the method employed was not able to detect a possible low

viral load in plasma and urine. Some studies reveal that, in diseases such as ZIKV, high viral

load titers can be detected in other body fluids for a period greater than or equal to those found

in urine. Shedding of ZIKV RNA in saliva and urine from a female patient until 29 days after

the onset of symptoms was reported in Italy in 2016 [48]. Another study, which was performed

in Florida, revealed a higher rate of ZIKV RNA detection in saliva and urine (ranging from 81%

to 92%, respectively) when compared to the RNA level detected in the serum (51%) [49].

Shedding in saliva and urine has also been demonstrated for other vector-borne flavivi-

ruses, such as dengue [50,51] and West Nile virus [52]. In addition, CHIKV, has been isolated

in oral fluids of patients with severe infection and in the saliva of experimentally infected mice
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and monkeys [53]. Our protocol used for the diagnosis of ZIKV and CHIKV was developed to

detect these viruses in plasma and urine. However, due to the scientific evidence of long viral

persistence of these viruses in other body fluids such as saliva, it is suggested that this fluid may

also be used as an alternative in the routine diagnosis of arboviruses. Furthermore, we do not

know whether there are other arboviruses, such as Saint Louis or West Nile, for example, that

are circulating in the Brazilian Amazon, so studies that investigate these arboviruses should be

carried out.

We cannot rule out the possibility that these 25.3% undiagnosed patients presented an ini-

tial picture of other diseases that were not infectious. There is a possibility that skin rash associ-

ated with fever or without fever is indicative of a possible rheumatological disease, for

example. Furthermore, the possibility of other circulating viral diseases that cause acute rash

(though not included in this series) cannot be excluded.

This study has some limitations in such as it may not be feasible to recommend routine test-

ing for all fever-rash cases as broadly as was done in this study because of the high costs and

difficulties associated with this method. There is also the possibility of cross-reactions in the

serological tests used, though the use of avidity tests can confirm a primary infection as a diag-

nostic option, or molecular biology techniques followed by genetic sequencing would bring

greater reliability to the results. Furthermore, the infectious diseases detected in this work are

due to the FMT-HVD being a health care facility that serves the population of Manaus through

spontaneous demand, as well as through referencing done by other health facilities in the city

Manaus and the interior of the state of Amazonas. Some people with cases of rashes undoubt-

edly remained at home or received clinical diagnosis in other health units in Manaus. It is

important to highlight the role of FMT-HVD as a sentinel health unit in the monitoring and

laboratory diagnosis of numerous health problems in the western Amazon region of Brazil.

The detection of different rash-causing pathogens provides valuable feedback to clinicians

and patients. The positive cases of diseases such as measles show that vaccination policies

should be strengthened for immune preventable diseases such as measles, as well as the imple-

mentation of better vector control strategies for decreasing the number of cases of arboviruses.

Furthermore, it is worth mentioning that sexually transmitted infections, such as HIV and

syphilis, are important causes of rashes and should be remembered at the time of clinical care.

Conclusion

The results reveal that 74.7% (254/340) of the patients enrolled in the study were positive for one

or more of the infections evaluated by us. The highest prevalence was for ZIKV monoinfection in

rash patients who participated. Although low prevalence of DENV and CHIKV has been

observed, these cases cannot be underestimated. No cases of MAYV, OROV or rubella were

found. Our findings may reflect regional variations and important causes of rash, like measles,

HIV and syphilis. However, they may also be influenced by limitations in testing, as well as a low

viral load at the time of sample collection. For an endemic region for arborviruses, among other

viruses that cause acute rash, a good alternative for surveillance actions would be the use of sero-

logical tests for screening in periods of greater rainfall; a period in which there are higher frequen-

cies of cases such as DENV and ZIKV, for example, in addition to ongoing monitoring changes

in diseases dynamics over the time. The results herein may aid surveillance and control strategies

for diseases such as arboviruses and other diseases that cause manifestations of skin rash.
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Vigilância, Prevenção e Controle das Doenças Sexualmente Transmissı́veis, Aids e Hepatites Virais.–
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Amazonas, Brazil. PLOS Currents Outbreaks. 2018; 1:1–7. https://doi.org/10.1371/currents.outbreaks.

7d65e5eb6ef75664da68905c5582f7f7 PMID: 29623245

37. Travassos Da Rosa JF, De Souza WM, De Paula Pinheiro F, Figueiredo ML, Cardoso JF, Acrani GO,

et al. Oropouche virus: Clinical, epidemiological, and molecular aspects of a neglected orthobunyavirus.

Am J Trop Med Hyg. 2017; 96(5):1019–30. https://doi.org/10.4269/ajtmh.16-0672 PMID: 28167595

38. Thomas HIJ, Barrett E, Hesketh LM, Wynne A, Morgan-Capner P. Simultaneous IgM reactivity by EIA

against more than one virus in measles, parvovirus B19 and rubella infection. J Clin Virol. 1999; 14

(2):107–18. https://doi.org/10.1016/s1386-6532(99)00051-7 PMID: 10588453

39. Rothan HA, Bidokhti MRM, Byrareddy SN. Current concerns and perspectives on Zika virus co-infection

with arboviruses and HIV. J Autoimmun. 2018; 89:11–20. https://doi.org/10.1016/j.jaut.2018.01.002

PMID: 29352633
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