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Abstract

Background

Arboviral diseases are one of the most common causes of acute febrile illness (AFI) and a

significant health problem in South America. In Peru, laboratory etiologic identification of

these infections occurs in less than 50% of cases, leading to underdiagnoses of important

emerging arboviruses.

Aim

To assess the prevalence of the Dengue (DENV), Oropouche (OROV), Chikungunya

(CHIKV), Mayaro (MAYV) and Zika (ZIKV) viruses in patients with acute febrile illness from

Puerto Maldonado (Peru).

Methodology

Serum samples were obtained from patients with AFI during January 2016 to March 2016. A

total of 139 specimens were analyzed for the presence of DENV, OROV, CHIKV, MAYV,

and ZIKV using polymerase chain reaction (PCR).

Results

CHIKV in 9.4% and OROV in 8.6% were the most prevalent arboviruses, followed by DENV

and ZIKV, with a prevalence of 6.5% and 5%, respectively. Among all patients, the most

common symptoms accompanying fever were headaches 79.9%, muscle pain 65.5% and

joint pain 63.3%.

Conclusions

During this short 3-month period, 4 arboviruses were detected by PCR, CHIKV and OROV

being the most common arboviruses in Puerto Maldonado (Peru). Thus, it is crucial to
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include OROV detection in the national health surveillance. Furthermore, the etiologic clini-

cal diagnosis of arboviral infections is not possible due to the low specificity of symptoms;

therefore an increase of cases confirmed by molecular diagnostic methods will enhance

arboviral surveillance in Peru.

Introduction

Arthropod-borne viruses, also known as Arboviruses are one of the most common etiologic

agents responsible for human febrile illness worldwide and an emerging concern in recent

decades [1]. Arboviruses have a high mutation and adaptation capacity, which gives them the

ability to cause outbreaks. Recently these infections have become a significant health problem

in South America [2,3], especially in tropical regions, where high temperatures and humidity

favor mosquito proliferation and therefore the transmission of arboviruses [1,3].

Acute febrile illness (AFI) is defined as fever of less than a 1 week of duration, without an

identified source of infection that may be accompanied by other symptoms. Many infectious

agents have been responsible for this syndrome, including arboviruses. However, the infec-

tious etiology and epidemiology of AFI, remains poorly characterized, especially in low and

middle-income countries, where laboratory analysis is hindered by limited resources [1,4,5].

In South America, dengue and leptospirosis are described as the most predominant cause

of AFI [5]. However, in the Amazon Basin, dengue viral infections represent around 6–26% of

patients with AFI, and in dengue-endemic areas, co-circulating pathogens are often misclassi-

fied [1]. Moreover, in low to middle-income countries, an overdiagnosis and overtreatment of

malaria have been recentlyreported [5,6].

Molecular techniques such as polymerase chain reaction (PCR) have broadened the spec-

trum of AFI etiologies and emphasized the role of Arthropod-borne viruses, present in up to

32.5% of all febrile cases [1,5]. Arboviruses are a heterogeneous group; however, the most rele-

vant belong to few viral genera including Flavivirus, e.g. Dengue virus (DENV) and Zika virus

(ZIKV); Alphavirus, e.g. Chikungunya virus (CHIKV) and Mayaro virus (MAYV); and Ortho-
bunyavirus, e.g. one of the most common is the Oropouche virus (OROV) [1–3].

In Peru, a rapid increase of dengue outbreaks was observed in 2015, with 39,440 of cases

reported, double the number in comparison to the previous year (17,234 cases at 2014) [7].

The most affected regions with 57.4% of cases registered were Ayacucho, Cuzco, Piura and

Madre de Dios [8]. However, despite the efforts by the national health surveillance program to

monitor dengue in 2015, only 49.2% of cases were laboratory-confirmed, and among these,

there were reports of etiologic misdiagnosis. [6,8].

On February 2016, the World Health Organization (WHO) declared the Zika virus (ZIKV)

an epidemic in Brazil and a public health emergency of international concern due to its associ-

ated neurological complications in newborns [9]. Since 2015, ZIKV has become an increasing

threat to Peru as four neighboring countries have reported endemic cases of this disease.

[8,10,11]. However, until January 2016, the national health report has not identified any cases

of ZIKV since its epidemiological alert was issued in October 2015 [12].

On the other hand, Chikungunya (CHIKV) alphavirus has also been recognized as an

important cause of acute febrile illness in recent years after it was first identified in the South

America late 2013. In 2015, this virus showed a high frequency of 49.5% of the 208 endemic

cases reported [6]; but unfortunately, a low confirmation rate was reported for this high inci-

dence. The Mayaro (MAYV) alphavirus is also being investigated in Peru due to small
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outbreaks reported in the last 15 years [13], and is also being considered as a possible etiologic

agent of AFI especially when during dengue outbreaks [14]. A study in the Amazon basin

region of Peru during the period 2010–2013 reported for MAYV a prevalence of 0.8% (16/

2094) in febrile patients [15].

Finally, Oropouche virus (OROV) is an under-reported etiologic agent of AFI, which

causes symptoms similar to those of dengue and has been detected in mixed outbreaks of den-

gue in Madre de Dios (Peru) [16]. In 2011, a study in Iquitos, located in the Peruvian Amazon,

reported that OROV was responsible for 14.9% of acute febrile infections [17]. Additionally, in

January 2016, a study from Madre de Dios in Peru, analyzed samples that were previously neg-

ative for DENV and found OROV in 24% of cases; to date, this result has been the most signifi-

cant OROV outbreak in Peru with 120 confirmed cases [18]. Due of these outbreaks, OROV

has been identified as a potential cause for epidemics and co-infections and the WHO has

advised Peru to focus on preventive measures for vector control and surveillance [16].

To study the arboviral epidemiology in Peru is essential to understand their real impact in

our community. This study aimed to detect, through RT-PCR, the presence of DENV,

CHIKV, ZIKV, MAYV, and OROV in samples of patients with Acute Febrile Illness (AFI)

from Puerto Maldonado (Peru) and to assess preliminary epidemiological and clinical data of

these patients.

Materials and methods

Patients and sampling

A consecutive cross-sectional study was conducted in Puerto Maldonado in coordination with

the “Dirección Regional de Salud Madre de Dios.” Puerto Maldonado is the capital of the Madre

de Dios Region, a city in Southeastern Peru in the Amazon rainforest 55 km West of the Boliv-

ian border. Puerto Maldonado has an estimated population of 74,949 and is recognized as an

endemic area for dengue and other arboviruses [7]. Madre de Dios was chosen as the area of

study as it is one of the most affected regions with DENV in Peru; it is located next to Brazil

and Bolivia, where native cases Zika virus have been previously reported and it is also where

the most significant outbreak of OROV was reported in 2016 [8, 9].

Patients that fulfilled the selection criteria were studied from January to March 2016. The

inclusion criteria were patients who arrived to Internal Medicine-Pediatrics outpatient clinics

with acute febrile illness (greater than or equal to 38˚C axillary temperature in the previous 7

days) along with one or more of the following symptoms: headache, muscle pain, retro-ocular

pain, joint pain, nausea, low appetite, vomiting, dizziness, abdominal pain, diarrhea, chills,

rash, photophobia, sore throat, cough, pallor, rhinorrhea, dyspnea, jaundice, cough, conjuncti-

val injection, dysuria or convulsions. Exclusion criteria included patients with an identifiable

source of infection, such as sinusitis, pneumonia, acute otitis media and acute upper respira-

tory tract infections, among others.

Patients from the following primary health care facilities were included in the study: Centro

de Salud Nuevo Milenio, Centro de Salud Santa Rosa, Centro de Salud Laberinto, Centro de

Salud La Joya, Centro de Salud Bélgica, Centro de Salud Iñapari, Centro de Salud Jorge Chá-

vez, Centro de Salud El Triunfo and Centro de Salud Tres Islas.

Ethics statement

This study was approved by the Research Ethics Board of theHospital Regional de Cajamarca,

Peru. A written informed consent was signed before enrollment; for participants under 18

years old the informed consent was signed by parents or children caregivers before

enrollment.
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Samples

One serum sample per patient was collected by using Vacuette1 TUBE Serum Separator Clot

Activator (Vacuette, Greiner Bio-One, Kremsmünster, Austria). After collection, all the sam-

ples were stored at -80˚C. All 139 samples were transported to Lima (Peru) under standardized

frozen conditions to perform molecular assays. Positive control material for DENV, CHIKV,

ZIKV, and MAYV was provided by the Centers for Disease Control and Prevention (CDC,

Fort Collins, CO, USA).

RNA extraction

RNA extraction was performed from 200 μL of the serum samples with the High Pure RNA

Isolation Kit (Roche Applied Science, Mannheim, Germany), according to the manufacturer’s

instructions. Viral RNA obtained after extraction was eluted in 100 μl of nuclease-free water

and then processed or stored at -20˚C until use.

Real-time RT-PCR assay for detection DENV, CHKV and ZIKV with

taqman probe

A one-step RT-PCR was performed using TaqMan with BHQ quencher probe at 125 nM and

250 nM of primers in a final volume of 20 μL. Five microliters of the extracted RNA was com-

bined with 15 μl of the master mix and the reverse transcription step was performed 95˚C for

15 minutes, 60 cycles of 15 seconds at 95˚C and 45 seconds at 60˚C. All the procedure was per-

formed in Light Cycler1 2.0 Instrument and data was analyzed with the LightCycler1 Soft-

ware 4.1 (Roche Diagnostic, Deutschland-Mannheim, Germany). The primers and the probe

used are shown in Table 1 [19–21].

Detection MAYV and OROV by conventional PCR

For the reverse transcription (RT), a 20 μl mixture was prepared to contain 5 μl of RNA

extracts, the Transcriptor High Fidelity cDNA Synthesis Kit (Roche Applied Science, Mann-

heim, Germany) was used according to the manufacturer’s instructions. A 166 bp and 300 bp

fragments were amplified for Mayaro and Oropouche viruses respectively [22,23]. Table 1

shows the primers used for amplification. The final volume of the PCR mixture was 50 μl, dis-

tributed as follows: 25 μl of enzyme mix (Taq polymerase, 2.5 mM MgCl2, 15 mM Tris / HCl

pH 8.3, 50 mM KCl, 200 μM of each deoxynucleotide), 20 pmol of each primer (Macrogen,

Seoul, Korea), and 5 μl of DNA extraction. Thus, the PCR conditions were: 95˚C for 10 min,

followed by 55 cycles of 94˚C for 1 min, 55˚C for 1 min and 72˚C for 1 min, with a final elon-

gation of 10 min at 72˚C. The amplified DNA products were analyzed by gel electrophoresis

on 2% agarose (FMC, Rockland, ME) gel containing ethidium bromide (3 mg/L). Amplified

products were gel recovered, purified (SpinPrep™ Gel DNA Kit, San Diego, USA) and sent to

be sequenced (Macrogen, Seoul, Korea).

Data analysis

Qualitative variables were reported as frequencies and percentages. All analyses were processed

with the IBM Statistical Package for the Social Sciences (SPSS) software version 21.0 (SPSS,

Chicago, IL, USA). One-way ANOVA followed by the Tukey test were performed for compari-

son between groups. The frequency distributions of clinical symptoms were analyzed using a

paired sample t-Test, and the Pearson correlations were performed in a pairwise manner. A p-
value <0.05 was considered statistically significant.
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Results

A total of 139 patients with acute febrile illness (AFI) were studied from January to March

2016. Patients were grouped by ages, and the group between 20 to 44 years old corresponding

at 58.3% of cases, followed by the group between 5–19 years old with 21.6% cases, and patients

older than 45 years old were at 15.8% of the cases. Furthermore, no differences were observed

between genders (Table 2).

The molecular diagnosis of the DENV, OROV, ZIKV, CHKV, and MAYV viruses in this

study allowed us to identify an etiological agent in 29.5% (CI95%: 22.6–37.6%) of all cases of

clinically diagnosed AFI. Thus, CHIKV and OROV were the arboviruses identified with most

prevalence in 9.4% and 8.6%, respectively. While the prevalence of DENV and ZIKV were of

6.5% and 5%, respectively (Table 2). Furthermore, no cases positives of MAYV were detected

in the samples studied. However, no significant differences have been observed between the

Table 1. Primers and probes used in the PCR assays.

Primer Sequence (5´-3´) Amplicon (pb) Ref.

DENV-F AGG ACY AGA GGT TAG AGG AGA 107 [19].

DENV-R CGY TCT GTG CCT GGA WTG AT

DENV-Probe FAM-ACA GCA TAT TGA CGC TGG GAR AGA CC-TAMRA

CHIKV-F AAG CTY CGC GTC CTT TAC CAA G 209 [20].

CHIKV-R CCA AAT TGT CCY GGT CTT CCT

CHIK-Probe FAM-CCA ATG TCY TCM GCC TGG ACA CCT TT-TAMRA

ZIKV-F AAR TAC ACA TAC CAR AAC AAA GTG GT 109 [21].

ZIKV-R TCC RCT CCC YCT YTG GTC TTG

ZIKV-Probe FAM-CTYAGACCAGCTGAAR-TAMRA

OROV-F GTG GGG TCC AAT TTG C 300 [22].

OROV-R TGA ACC CTA TGC ATC T

MAYV-F TTC CRA AYC AAG TGG GAT TC 166 [23].

MAYV-R CAC TTT ACG TAY GGK GAT GG

https://doi.org/10.1371/journal.pone.0187897.t001

Table 2. Demographics in patients with arboviral infections from Puerto Maldonado, Peru.

CHARACTERISTICS TOTAL POPULATION RT-PCR CONFIRMED ARBOVIRUS

Dengue Oropouche Zika Chikungunya

n (%) n (%) n (%) n (%) n (%)

Age

00–04 6 (4.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (7.7)

(5–19) 30 (21.6) 1 (11.1) 1 (8.3) 2 (28.6) 2 (15.4)

(20–44) 81 (58.3)* 5 (55.6)* 7 (58.3)* 4 (57.1)* 7 (53.8)*

(45-+) 22 (15.8) 3 (33.3) 4 (33.4) 1 (14.3) 3 (23.1)

Gender

Masculino 76 (54.7) 5(55.6) 8 (66.7) 4 (57.1) 5 (38.5)

Femenino 63 (45.3) 4(44.4) 4 (33.3) 3 (42.9) 8 (61.5)

Total 139 (100.0) 9 (100.0) 12 (100.0) 7 (100.0) 13 (100.0)

Positive cases 29.5% 6.5% 8.6% 5.0% 9.4%

CI 95% 22.6–37.6% 3.4–11.8% 5.0–14.5% 2.5–10.0% 5.6–15.3%

* ANOVA-Tukey Test, p-value<0.05.

https://doi.org/10.1371/journal.pone.0187897.t002

Emerging and reemerging arboviruses

PLOS ONE | https://doi.org/10.1371/journal.pone.0187897 November 14, 2017 5 / 13

https://doi.org/10.1371/journal.pone.0187897.t001
https://doi.org/10.1371/journal.pone.0187897.t002
https://doi.org/10.1371/journal.pone.0187897


prevalence of the identified viruses. To understand this result, it can be observed that CI 95%

for their respective prevalence showed very similar values (Table 2).

The adult population in the range of 20–44 years was the age group that showed the highest

prevalence of positive cases of DENV, OROV, ZIKV, and CHKV with values of 55.6%, 58.3%,

57.1% and 53.8%, respectively (Table 2). These prevalences were significantly higher in com-

parison with the prevalence of the other age groups.

In our study population, the most common symptoms accompanying the AFI were head-

aches in 79.9%, muscle pain in 65.5% and joint pain in 63.3%; followed by low appetite

(34.5%), retro-ocular pain (33.8%) and nausea (28.8%) (Table 3).

In patients with DENV positive samples, both headaches and nausea were found in 44.4%.

For OROV the most common symptoms were headaches (66.7%), joint pain (58.3%) and mus-

cle pain (50%). Among the 7 positive samples for ZIKV, headache was reported in 57.1%, fol-

lowed by low appetite, nausea, joint and muscle pain in 42.9% of cases. In CHIKV positive

patients, the most clinical complaints with higher frequencies were headaches (92.3%), muscle

pain (84.6%), joint pain (76.9%), low appetite and retroocular pain (46.2) (Table 3). Significant

differences were evidenced between the symptoms reported by patients with CHIKV infection

and the AFI population.

Table 3. Clinical symptoms in patients with arbovirus infection positive by PCR.

Clinical

symptoms

Total

populationn = 139 (%)

Dengue Oropouche Zika Chikungunya *

Positive n = 9

(%)

Odds

ratio

Positive

n = 12 (%)

Odds

ratio

Positive n = 7

(%)

Odds

ratio

Positive

n = 13 (%)

Odds

ratio

Headache 111 (79.86) 4 (44.44) 0.2018 8 (66.67) 0.5045 4(57.14) 0.3363 12 (92.31) 3.0270

Muscle pain 91 (65.47) 3 (33.33) 0.2637 6 (50.00) 0.5275 3 (42.86) 0.3956 11 (84.62) 2.9011

Joint pain 88 (63.31) 3 (33.33) 0.2898 7 (58.33) 0.8114 3 (42.86) 0.4347 10 (76.92) 1.9318

Low appetite 48 (34.53) 3 (33.33) 0.9479 4 (33.33) 0.9479 3 (42.86) 1.4219 6 (46.15) 1.6250

Retroocular pain 47 (33.81) 1(11.11) 0.2447 4 (33.33) 0.9787 1 (14.29) 0.3262 6 (46.15) 1.6778

Nauseas 40 (28.78) 4 (44.44) 1.9800 3 (25.00) 0.8250 3 (42.86) 1.8563 3 (23.08) 0.7425

Vomiting 11 (7.91) 2 (22.22) 3.3247 0 (00.00) 0 0 (0.00) 0 1 (7.69) 0.9697

Dizziness 9 (6.47) 1 (20.00) 1.8056 1 (8.33) 1.3131 0 (0.00) 0 1 (7.69) 1.2037

Abdominal pain 9 (6.47) 2 (22.22) 4.1270 0 (0.00) 0 0 (0.00) 0 1 (7.69) 1.2037

Chills 9 (6.47) 1(11.11) 1.8056 3 (25.00) 7.2222 1 (14.29) 2.4074 1 (7.69) 1.2037

Rash 9 (6.47) 2 (22.22) 4.1270 0 (00.00) 0 0 (0.00) 0 2 (15.39) 2.6263

Odynophagia 8 (5.76) 1(11.11) 2.0469 0 (0.00) 0 0 (0.00) 0 1 (7.69) 1.3646

Photophobia 7 (5.04) 1(11.11) 2.3571 1 (8.33) 1.7143 1 (14.29) 3.1429 1 (7.69) 1.5714

Cough 5 (3.60) 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0

Pallor 4 (2.88) 0 (0.00) 0 2 (25.00) 6.7500 1 (14.29) 5.6250 0 (0.00) 0

Diarrhea 4 (2.88) 0 (0.00) 0 1 (8.33) 3.0682 1 (14.29) 5.6250 0 (0.00) 0

Rhinorrhea 3 (2.16) 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0

Dyspnea 3 (2.16) 1(11.11) 5.6667 0 (0.00) 0 0 (0.00) 0 1 (7.69) 3.7778

Conjunctival

injection

3 (2.16) 1(11.11) 5.6667 0 (0.00) 0 1 (14.29) 7.5556 1 (7.69) 3.7778

Expectoration 3 (2.16) 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0

Dysuria 1(0.72) 1(11.11) 17.2500 0 (0.00) 0 0 (0.00) 0 1 (7.69) 11.5000

Jaundice 1 (0.72) 0 (0.00) 0 1 (8.33) 12.5455 0 (0.00) 0 0 (0.00) 0

Convulsions 0 (0.00) 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0 0 (0.00) 0

* CHIKV vs total population, Paired t-Test, p-value<0.05.

https://doi.org/10.1371/journal.pone.0187897.t003
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Co-infections between DENV and other arboviruses were observed in 4 patients: OROV--

DENV co-infection in 2 cases which presented headache, low appetite, nausea and muscle

pain; a ZIKV-DENV co-infection in 1 case whose sole clinical presentation was fever and 1

case of CHIKV-DENV who was hospitalized due to fever, chills, dizziness, shortness of breath,

nausea, vomits, low appetite, abdominal pain and extreme sensitivity to light.

Discussion

We studied 139 patients with AFI from Puerto Maldonado, Peru; in our study population

most patients were between 20 to 44 years old (58.3%), and the most frequent complaints were

headaches (79.86%), muscle pain (65.47%) and joint pain (63.31%). A similar demographic

distribution and clinical presentation was observed in a study conducted in South America

from 2000–2007 where, in addition to fever, the most commonly reported symptoms were

malaise (96.7%), headache (92.2%), chills (90.2%), myalgia (81.4%) and arthralgia (76.2%) [1].

A comprehensive analysis of the clinical symptoms frequently used for the AFI diagnosis is

shown in Fig 1. Clinical symptoms for AFI were ordered by their frequency in a descending

distribution and it was used a reference for comparing the clinical symptoms of DENV, ZIKV,

OROV and CHIKV infections. We found that the distribution of clinical symptoms of arbo-

viral infections correlates with the distribution of symptoms reported in cases of AFI (Fig 1).

The paired analysis (t-Test) of the distributions has only demonstrated significant differences

between AFI and CHIKV (p = 0.014) since in this infection the symptomatology has a higher

frequency (Table 3). However, based on the distribution and frequency of symptoms it was dif-

ficult to differentiate between AFI and OROV (p = 0.632), ZIKV (p = 0.314) or DENV

(p = 0.826).

In this sense, the difficulty of distinguishing arbovirus infections from AFI symptomatology

is evident. Fig 2 shows the association of AFI symptoms and arbovirus infections graphically,

and in all cases the associations were positive. This association was 96% and 93% for AFI and

CHIKV or OROV viruses, respectively. An intermediate value of 88% was observed between

AFI and ZIKV, and the lowest association of 77% was found for AFI and DENV. The main

conclusion of these results is that a diagnosis of the arboviruses studied based on the symptom-

atology is a challenging task.

Based on symptom frequencies, odd-ratios were calculated for symptom control of arbovi-

rus infections (Table 3). The association analysis of these odd-ratios shows that the odd-ratios

of the symptoms of infections between DENV and CHIKV may be very similar with a correla-

tion close to 91% (Fig 3). However, no association was found between the odd-ratios of clinical

symptoms for other pairs of arboviruses (Fig 3). However, the analytical correlation of the clin-

ical symptomatology demonstrates the enormous difficulty of making a correct and safe etio-

logical diagnosis when arboviruses such as DENV, OROV, ZIKV or CHIKV are involved.

Thus, a molecular diagnosis is essential to determine the infectious agent when these clinical

symptoms so common for AFI are detected in patients.

Over the past decades, arthropod-borne viral pathogens have re-emerged in South America,

especially in middle and low-income countries [1–3]. In Peru, an increase of DENV and other

arboviral infections have been observed in the last 5 years [7,8]. However, only DENV,

CHIKV and ZIKV are notifiable diseases in Peru, and less than 50% of samples can be con-

firmed by the Instituto Nacional de Salud, the only Laboratory in Peru designated for Epidemi-

ological Surveillance [8,24,25]. This passive National surveillance strategy coupled with the

diagnostic barriers in the rural areas have led to an underestimation of cases of arboviruses in

the Peruvian Amazon Basin [1,26].
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Puerto Maldonado, located in the Department of Madre de Dios in Peru, is one of the most

affected areas by arboviruses; and DENV in itself accounts for a total cost of more than

$200,000 dollars every year with more than 900 cases reported in 2015 [7,27]. A study in 2010,

also demonstrated that Puerto Maldonado has a higher prevalence of Alphavirus infection in

comparison with other regions of the Amazon Basin [1]. Furthermore, OROV has been recog-

nized as endemic in Madre de Dios with occasional outbreaks in recent years [28,29].

In contrast to a previous study in 2010 were DENV was reported in 17.3% of patients with

febrile illness in Puerto Maldonado, we only found 9 cases of DENV positive samples, repre-

senting a 6.5% of our population [1]. This lower prevalence of DENV can be related to the fact

that we only used RT-PCR for case confirmation in comparison to the other study where

RT-PCR and IgM seroconversion were considered as diagnostic tests. Moreover, in this previ-

ous study, a 32% of IgM cross-reactivity was observed between DENV and yellow fever virus

(YFV) antigen in acute or convalescent phase samples [1]. Therefore, the limitations of imple-

menting indirect serological diagnosis (IgM/IgG detection) should be considered in

Fig 1. Distribution of clinical symptoms in the AFI and infections caused by arboviruses DENV,

OROV, ZIKV and CHIKV.

https://doi.org/10.1371/journal.pone.0187897.g001
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surveillance policies; specially considering that it is the most widespread test used at public

health facilities [1,2].

OROV was found in 8.6% of our patients, a smaller prevalence than a previous study in

Madre de Dios, were OROV was detected in 24% of samples. However, both prevalences

should not be compared since the previous study was conducted analyzing DENV negative

samples and again multiple laboratory tests were used (RT-PCR, ELISA IgM, and cellular cul-

ture) [17]. Moreover, it is difficult to compare our OROV prevalence with previous reports,

since OROV is not a notifiable disease in Peru and recent data is unavailable [19,20]. In our

study, 12 patients were positive to OROV and the most common symptoms were headaches

(66.7%), joint pain (58.3%) and muscle pain (50%), which is consistent with previous studies

in Iquitos and Madre de Dios where fever, headaches, joint and muscle pain were the most

predominant symptoms [17,30].

In 2015, Peru reported 208 native cases of CHIKV in only 2 regions located on the northern

coast: Tumbes where 91.3% of cases were observed and Piura with 8.7%. We found 13 cases of

CHIKV in Puerto Maldonado including a child younger than 4 years old. Even though we

Fig 2. Scatter matrix and Pearson coefficient of correlation for the clinical symptoms.

https://doi.org/10.1371/journal.pone.0187897.g002
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cannot conclude if these 13 patients were native cases, this study is the first to report CHIKV

in Puerto Maldonado.

This study is the first to report 7 cases of ZIKV in Puerto Maldonado, and this finding raises

our concern since no cases have been previously reported by the Peruvian National Surveil-

lance program until January 2016 [8]. Among the 7 patients, the most common symptom was

headache (57.1%), followed by muscle pain, joint pain, nausea and low appetite (42.8%); sur-

prisingly, none of the patients presented the classical maculopapular rash. However, due to

our study design we cannot establish causality between the isolated ZIKV and the registered

symptoms. Furthermore, ZIKV case definition is especially challenging during simultaneous

DENV and CHIKV epidemics. [26,31]. Nonetheless, Peru is under a significant risk of a Zika

and the detection of this virus in our series should raise awareness about the presence of the

virus in our territories.

Our study has demonstrated a considerable number of arboviruses in Madre de Dios in a

short period and a relatively small number of patients with AFI and is the first to report ZIKV

in Peru. Furthermore, the high prevalence of OROV in Madre de Dios should be noted as this

Fig 3. Scatter matrix and Pearson coefficient of correlation for the odd-ratios of clinical symptoms.

https://doi.org/10.1371/journal.pone.0187897.g003
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under-recognized virus is transmitted by biting midges and requires different sanitary mea-

sures for vector control to avoid potential outbreaks [32].

In Latin America, the main obstacles in the diagnosis of arboviral diseases are the unspecific

symptoms shared by these infections at the beginning of the illness, the introduction of new

pathogens and the lack of well-trained professionals to differentiate them. Therefore, health

policies in Peru should focus on expanding the awareness of arboviruses among health provid-

ers and increasing the number of laboratory-confirmed cases.

We firmly believe that our National Surveillance program should be strengthened by imple-

menting reliable diagnostic methods such as PCR that has widely demonstrated to be a fast

and efficient diagnostic tool with high sensitivity for the detection of DENV, OROV, ZIKV,

CHIKV, among other arboviruses [1,2,5,33]. This study should encourage further research to

better understand the impact of arboviruses in the Peruvian Amazon Basin.
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infection imported from French Guiana. J Clin Virol. 2016; 77:66–8. https://doi.org/10.1016/j.jcv.2016.

02.013 PMID: 26921736

24. Red Nacional de Epidemiologia (RENACE) Vigilancia del sı́ndrome febril en áreas de alto riesgo de
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