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Abstract: To evaluate whether oral fluids (OF) and urine can serve as alternative, non-invasive
samples to diagnose chikungunya virus (CHIKV) infection via RT-qPCR, we employed the same RNA
extraction and RT-qPCR protocols on paired serum, OF and urine samples collected from 51 patients
with chikungunya during the acute phase of the illness. Chikungunya patients were confirmed
through RT-qPCR in acute-phase sera (N = 19), IgM seroconversion between acute- and convalescent-
phase sera (N = 12), or IgM detection in acute-phase sera (N = 20). The controls included paired
serum, OF and urine samples from patients with non-arbovirus acute febrile illness (N = 28) and
RT-PCR-confirmed dengue (N = 16). Nine (47%) of the patients with positive RT-qPCR for CHIKV
in sera and two (17%) of those with CHIKV infection confirmed solely via IgM seroconversion
had OF positive for CHIKV in RT-qPCR. One (5%) patient with CHIKV infection confirmed via
serum RT-qPCR was positive in the RT-qPCR performed on urine. None of the negative control
group samples were positive. Although OF may serve as an alternative sample for diagnosing acute
chikungunya in specific settings, a negative result cannot rule out an infection. Further research is
needed to investigate whether OF and urine collected later in the disease course when serum becomes
RT-qPCR-negative may be helpful in CHIKV diagnosis and surveillance, as well as to determine
whether urine and OF pose any risk of CHIKV transmission.

Keywords: chikungunya; RT-qPCR; molecular diagnosis; urine; oral fluid

1. Introduction

Chikungunya virus (CHIKV) is an alphavirus of the Togaviridae family. It was first
detected near the border between Tanzania and Mozambique in 1952 [1,2]. In urban areas,
Aedes aegypti and Ae. albopictus mosquitoes are the main vectors [3,4]. The autochthonous
transmission of CHIKV in the Americas was first identified in the Caribbean region in
2013 [5]. Since then, CHIKV has spread across the American continents, causing multiple
outbreaks and becoming a public health challenge in these regions of the world [6–17].
Brazil, where the first cases of chikungunya were detected in 2014, has been the most
affected country in the Americas, with more than 1.6 million cases reported [16].

In humans, CHIKV infection can evolve asymptomatically or cause acute disease
manifested by fever, headache, fatigue, myalgia, skin rash, joint swelling and especially
arthralgia, which can be severe and last for months to years [14,18]. The diagnosis of
chikungunya during its acute phase is based on clinical criteria, epidemiological data
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and, preferably, laboratory techniques. Reverse transcription–polymerase chain reaction
(RT-PCR) is commonly used to detect CHIKV RNA in serum or plasma samples obtained
up to seven days after the onset of symptoms [19–21]. Then, serological tests, such as
enzyme-linked immunosorbent assay (ELISA), are the most frequently used to detect
anti-CHIKV IgM antibodies seven days after the onset of symptoms or to detect antibody
seroconversion between paired blood samples collected in the acute and convalescent
phases of illness [21,22]. Other diagnostic approaches, such as viral isolation, hemaggluti-
nation inhibition assay and plaque reduction neutralization tests, are used less often and
restricted mainly to research laboratories. Because CHIKV serological tests may cross-react
with other alphaviruses, and most patients with chikungunya seek healthcare within the
first three days after the onset of symptoms [23], serum RT-PCR is generally accepted as
the gold-standard method for the definitive diagnosis of CHIKV infection.

However, obtaining serum from pediatric patients, especially neonates, can be complex.
In these cases, the use of non-invasive biological samples is desirable. Testing easy-to-obtain
samples would also facilitate the diagnostic investigation of febrile patients during periods
of outbreaks when healthcare facilities are overcrowded or as part of the surveillance
monitoring of virus transmission. Case reports [24,25] and small case series [26,27] have
suggested that saliva and urine can offer viable means to detect CHIKV RNA through RT-
PCR. However, only two main studies have compared the positivity rate of RT-PCR in the
saliva, urine and serum of laboratory-confirmed chikungunya patients. These studies found
superior serum performance (80.3% to 86.1% positivity) and a wide range of positivity in
saliva (30% to 58.3%) and urine (8.3% to 23%) samples [28,29]. Because of the paucity of
data on the potential usefulness of biological samples other than serum for diagnosing
chikungunya, we investigated whether oral fluid (OF) and urine could serve as alternative
specimens for diagnosing CHIKV infection via RT-qPCR.

2. Materials and Methods
2.1. Study Design and Samples Selection

To evaluate the performance of CHIKV RT-qPCR on OF and urine, we used samples
obtained during a surveillance study aimed at detecting arbovirus infection among patients
with acute febrile or exanthematous illness who were seeking healthcare at an emergency
outpatient facility in Salvador, Brazil between September 2016 and March 2020. This surveil-
lance study had the following inclusion criteria: age ≥ 6 months and self-reported skin
rash or fever (or measured axillary temperature > 37.8 ◦C) lasting ≤ 7 days of duration at
the time of consultation. After signing the informed consent form, or assent form when
<18 years of age, the patients were interviewed to obtain demographic, epidemiological
and clinical data and then underwent blood collection through venipuncture and OF collec-
tion with rayon-tipped swabs in the sublingual region. We also provided patients with a
specimen collection cup and asked them to give a urine sample. To investigate arbovirus
IgM antibody seroconversion, we invited the patients to return for blood collection during
the convalescent phase (10–45 days after symptom onset). If the patient could not return,
we offered to collect their blood samples at their homes. After collection, the blood samples
were refrigerated at a constant 2–8 ◦C and transported under refrigeration on the same day
to our laboratory at Fundação Oswaldo Cruz, where they were immediately centrifuged,
aliquoted and frozen at −80 ◦C and −20 ◦C until molecular and serological testing, respec-
tively. OF and urine underwent the same refrigeration and transportation protocol and
were stored at −80 ◦C until molecular testing. The aliquots used in this evaluation were
not thawed prior to the study.

The routine diagnostic work-up of arbovirus infection included testing the acute-phase
sera of the enrolled participants using TRIOPLEX RT-qPCR-CDC, which detects CHIKV,
dengue (DENV) and Zika virus (ZIKV) RNA [30], and using ELISA to investigate the
presence of the DENV NS1 antigen (Dengue Early ELISA kit, Panbio Diagnostics, Brisbane,
Australia). Both acute- and convalescent-phase sera were also assessed via ELISA for
the detection of the anti-CHIKV IgM antibody (CHIKjj Detect™ IgM ELISA kits; InBios
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International, Seattle, WA, USA) and anti-DENV IgM antibody (Dengue IgM Capture
ELISA, Panbio Diagnostics, Brisbane, Australia). OF and urine were not tested routinely. In
Section 2.2, we describe in detail the RNA extraction and RT-qPCR protocols used to detect
CHIKV RNA in acute-phase serum, OF and urine.

We used the following criteria to select a stratified random sample (based on diagnostic
criteria) of 51 patients with laboratory evidence of CHIKV infection and tested their OF
and urine via RT-qPCR for comparison with results previously obtained in routine serum
testing: (i) patients with CHIKV infection, as confirmed via RT-qPCR in the acute-phase
sera (N = 19); (ii) patients with CHIKV IgM seroconversion between paired sera but with
negative CHIKV RT-qPCR in the acute-phase sera (N = 12); and (iii) patients with CHIKV
IgM detected in the acute-phase sera but with negative CHIKV RT-qPCR in the same
sample (N = 20). As controls, we used OF and urine from a random sample of patients with
non-arboviral diseases (NADs) (i.e., patients who were negative for arbovirus infection in
the routine serum diagnostic investigation (N = 28)) and patients with RT-qPCR-confirmed
dengue (N = 16). Control samples positive for DENV in RT-qPCR were also assessed via
conventional RT-PCR for DENV serotype identification using oligonucleotides, as described
by Lanciotti et al., 1992 [31]. Of the 16 patients in this group, 6 were DENV-1, 6 were DENV-
2 and 4 were undetermined. The number of patients in each group was determined by the
availability of paired serum, OF and urine; our goal was to have 20 patients per group.

2.2. Detection of Chikungunya Virus RNA in Acute-Phase Serum, Oral Fluid and Urine

Viral RNA was extracted from the patients’ acute-phase samples (serum, OF and
urine) using a Maxwell® 16 Viral Total Nucleic Acid Purification Kit (Promega, Madison,
WI, USA) according to the manufacturer’s specifications. For RNA extraction from the OF
samples, we added 300 µL of phosphate-buffered saline solution to the tube containing
the sublingual swab and vortexed it for 10 s. Then, we proceeded with RNA extraction as
per the manufacturer’s instructions. The detection of CHIKV RNA in each sample was
performed using TRIOPLEX RT-qPCR from the Centers for Disease Control and Prevention
(CDC), which also detects DENV and ZIKV [30]. In this protocol, we added 10 µL of
extracted viral RNA to 15 µL of the mix containing the solution from the SuperScript™ III
Platinum™ One-Step RT-qPCR Kit (Invitrogen, Madison, WI, USA) and specific DENV,
ZIKV and CHIKV primers and probes, generating a 25 µL reaction mix final volume that
was amplified in a 7500 System (Applied Biosystems Inc, Waltham, MA, USA). The RT-
qPCR program consisted of the first RT step of 30 min at 55 ◦C, then a 2 min denaturation
step at 94 ◦C and, subsequently, 45 cycles of PCR steps (95 ◦C for 15 s, 60 ◦C for 1 min). We
tested all samples in duplicate and the final cycle threshold (Ct) value was obtained as the
average of the sum of the duplicate Ct values. Samples were considered positive if the Ct
was <38.

2.3. Statistical Analysis

All study data were entered into the digital database using the Research Electronic
Data Capture (REDCap) software version 13.1.26 [32]. The patients’ demographic and
clinical characteristics and the CHIKV RT-qPCR results were described by frequencies or
medians and interquartile ranges (IQR) according to the patient’s study group. The data
were analyzed using STATA software version 13 (StataCorp LP, College Station, TX, USA)
and GraphPad Prism version 5.0 (GraphPad Software Inc., San Diego, CA, USA). Graphics
were prepared using GraphPad Prism version 5.0 (GraphPad Software Inc., San Diego,
CA, USA).

3. Results
3.1. Clinical Characteristics of Patients

The characteristics of the study patients and the results of the RT-qPCR in serum, OF
and urine are shown in Table 1. The majority of the participants were female (between 50%
and 69% of patients in each group) and the median age ranged from 24 to 40 years, which
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was lower in the control group of dengue patients and higher in the group of patients
with CHIKV infection confirmed via RT-qPCR in serum. The three groups of patients
with laboratory evidence of CHIKV infection and the control group of dengue patients
were similar in the frequency of clinical signs and symptoms, although the group that
was positive for CHIKV in RT-qPCR of serum tended to have slightly higher frequencies
of symptoms typical of acute chikungunya, such as fever and arthralgia. In contrast, the
group with anti-CHIKV IgM detected in the acute-phase sample had a higher frequency of
rash and swollen joints, which may have been related to a later diagnosis, as was evidenced
by the detection of IgM antibodies in the acute-phase sample and the higher IQR of the
days of symptoms. Meanwhile, the group of patients with NAD had higher frequencies of
a sore throat and cough.

Table 1. Clinical, demographic and laboratory characteristics of the study patients.

Characteristic Study Group

CHIKV Infection Control Group

Detected via
Serum RT-qPCR

(N = 19)

Detected via IgM
Seroconversion
between Paired

Samples
(N = 12)

Detected via IgM
in the Acute-Phase

Sample
(N = 20)

DENV Infection
Detected via Serum

RT-qPCR
(N = 16)

Non-
Arbovirus
Diseases
(N = 28)

n/N (%) or median (interquartile range)

DEMOGRAPHICS

Sex (F) 10/19 (53%) 6/12 (50%) 13/20 (65%) 11/16 (69%) 14/28 (50%)

Age 40 (32–47) 32 (20–52) 35 (21–42.5) 24 (20–34) 31.5 (18.5–43)

Days after symptom onset 3 (1–4) 4 (1–5) 4 (3–6) 2.5 (1–3) 4 (3–7)

CLINICAL MANIFESTATIONS

Fever 19/19 (100%) 11/12 (92%) 17/20 (85%) 16/16 (100%) 26/28 (93%)

Arthralgia 18/19 (95%) 9/12 (75%) 17/20 (85%) 12/16 (75%) 13/28 (46%)

Myalgia 18/19 (95%) 10/12 (83%) 17/20 (85%) 14/16 (88%) 15/28 (54%)

Headache 18/19 (95%) 9/12 (75%) 18/20 (90%) 14/16 (88%) 23/28 (82%)

Retro-orbital pain 12/19 (63%) 7/12 (58%) 10/20 (50%) 11/16 (69%) 8/28 (29%)

Conjunctival hyperemia 9/19 (47%) 3/12 (25%) 6/20 (30%) 10/16 (63%) 9/28 (32%)

Swollen joints 12/19 (63%) 5/12 (42%) 11/20 (55%) 2/16 (13%) 2/28 (7%)

Pruritus 10/19 (53%) 5/12 (45%) 15/20 (75%) 7/16 (44%) 8/28 (29%)

Rash 5/18 (28%) 4/12 (33%) 14/20 (70%) 5/16 (31%) 5/28 (18%)

Sore throat 7/19 (37%) 2/12 (17%) 6/20 (30%) 7/16 (44%) 12/28 (43%)

Cough 5/19 (26%) 4/12 (33%) 3/20 (15%) 5/16 (31%) 21/28 (75%)

Abdominal pain 5/19 (26%) 6/12 (50%) 7/20 (35%) 7/16 (44%) 15/28 (54%)

CHIKV RT-qPCR RESULTS

SERUM

Positive 19/19 (100%) 0/12 (0%) 0/20 (0%) 0/16 (0%) 0/28 (0%)

Cycle threshold 24.5 (22.7–28.3) - - - -

ORAL FLUID

Positive 9/19 (47%) 2/12 (17%) 0/20 (0%) 0/16 (0%) 0/28 (0%)

Cycle threshold 36.6 (36.2–37.5) 32.9 (31.5–34.3) - - -

URINE

Positive 1/19 (5%) 0/12 (0%) 0/20 (0%) 0/16 (0%) 0/28 (0%)

Cycle threshold 34.4 (34.4–34.4) - - - -
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3.2. Chikungunya Virus RNA Detection in Oral Fluid and Urine

Of the 19 patients with positive RT-qPCR for CHIKV in serum, 9 (47%) were also
positive in RT-qPCR in the paired OF and 1 (5%) in the paired urine sample (Tables 1 and 2).
It was noteworthy that the CHIKV Ct values obtained in this group of patient samples were
consistently lower in the serum samples compared to the paired OF and urine, suggesting
lower viral loads in the latter samples (Tables 1 and 2). This finding was consistent
regardless of the number of days between the sample collection and the onset of symptoms
(Figure 1). For both serum and OF, the greater the number of days between the sample
collection and the beginning of symptoms, the higher the Ct levels obtained. In addition,
in the nine patients with positive RT-qPCR for CHIKV in sera obtained between 0 and
2 days after the onset of symptoms, five (56%) had a positive RT-qPCR for CHIKV in OF. In
contrast, for the ten patients with positive RT-qPCR for CHIKV in sera obtained between
3 and 5 days after the onset of symptoms, four (40%) had a positive RT-qPCR for CHIKV
in OF.

Of the twelve patients with evidence of CHIKV infection detected only via CHIKV
IgM seroconversion, two (17%) were positive for CHIKV by RT-qPCR in OF (Ct values >
31) and no patient was positive in the urine sample (Tables 1 and 2). All 20 patients with
evidence of CHIKV infection solely based on the detection of CHIKV IgM in acute-phase
serum were negative for CHIKV in RT-qPCR of OF and urine. None of the samples from
the two control groups were positive for CHIKV in RT-qPCR.
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Figure 1. Chikungunya virus RT-qPCR cycle threshold (Ct) values in acute-phase serum, oral fluid
and urine, according to the diagnostic criteria and the number of days between the onset of symptoms
and sample collection.
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Table 2. Values of RT-qPCR cycle threshold for detecting chikungunya virus RNA in positive serum,
oral fluid or urine samples collected in the acute phase of infection.

Patient ID
Chikungunya

Study Group Based on
Diagnostic Method

Values of RT-qPCR Cycle Threshold

Serum Oral Fluid Urine

1 Serum RT-qPCR 32.3 36.4 34.4

2 Serum RT-qPCR 19.3 36.2 *

3 Serum RT-qPCR 27.1 36.5 *

4 Serum RT-qPCR 27.3 37.7 *

5 Serum RT-qPCR 22.7 34.2 *

6 Serum RT-qPCR 30.9 37.4 *

7 Serum RT-qPCR 19.9 36.6 *

8 Serum RT-qPCR 24.5 29.9 *

9 Serum RT-qPCR 32.9 37.3 *

10 IgM Seroconversion * 31.5 *

11 IgM Seroconversion * 34.3 *
* Negative.

4. Discussion

Our study on the utility of different biological samples for investigating CHIKV
infection using RT-qPCR confirmed the findings of prior studies that serum should be the
gold-standard sample used for diagnostic testing [28,29]. However, in this study, we found
that 47% of the patients with acute chikungunya diagnosed via RT-qPCR in serum had
detectable CHIKV RNA in OF (56% positivity when OF was collected within the first two
days after symptom onset). Thus, in situations in which blood collection is not possible,
OF can be used as an alternative sample, but a negative OF RT-qPCR result should not
discount the likelihood of a CHIKV infection. In contrast, the frequency of which the urine
samples were positive in RT-qPCR was too low (5%) to be useful, and this type of sample
should not be used in CHIKV diagnosis.

We also found that 17% of the patients with acute chikungunya confirmed solely
through CHIKV IgM seroconversion had detectable CHIKV RNA in OF but not in urine.
Thus, the frequency of RT-qPCR positivity in OF was approximately three times lower
among chikungunya patients in the group with IgM seroconversion alone compared to
that with the virus confirmed through serum RT-qPCR. This finding is not surprising, as
patients with detectable CHIKV RNA in serum are more likely to also have detectable
CHIKV RNA in other biological samples than patients without CHIKV RNA in serum.
Nonetheless, we did detect CHIKV RNA in OF from serum RT-qPCR-negative patients,
though the observed frequency was too low to guide routine testing of both serum and OF
to increase diagnostic capacity. Further studies with increased numbers of chikungunya
patients should be carried out to better assess any potential gain from testing paired serum
and OF during the investigation of CHIKV infection.

None of the OF or urine samples from the chikungunya patients confirmed only via
CHIKV IgM in the acute-phase serum or from the control groups were RT-qPCR-positive.
The failure to detect CHIKV RNA in OF and urine of patients with CHIKV infection
confirmed only through the presence of CHIKV IgM in the acute-phase sample was in line
with the low yield of RT-qPCR in OF and urine of patients who had a diagnosis of CHIKV
infection solely based on IgM seroconversion. This finding indicates that the detection of
CHIKV RNA in OF and urine is less likely when CHIKV RNA is not detected in serum. In
addition, patients with negative RT-qPCR and positive IgM in the acute-phase serum are
more likely to represent a group with longer disease duration compared to those who are
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RT-qPCR-positive or exhibit IgM seroconversion, as we observed in our study. This may
also have hampered the detection of CHIKV RNA in OF and urine.

Regardless of the chikungunya group to which the study patients belonged, samples
from all patients with a positive RT-qPCR result from serum, OF or urine were collected
within the first five days after the onset of symptoms. We found that the measured Ct
values in serum and OF tended to increase from day 0 to day 5 after symptom onset, though
a trend could not be evaluated in the urine samples because only one urine sample was
positive. This finding was expected in serum samples, as Ct values in positive samples are
inversely correlated with the viremia level, and CHIKV viremia declines over time [19,33].
However, a cohort study found the persistence of CHIKV RNA in the serum and saliva of
patients for up to 60 days and in the urine for up to 95 days after the onset of the disease [29],
indicating that molecular diagnosis may be attempted in samples collected during the
post-acute phase of the illness. Because we tested only acute-phase samples, it was not
possible to investigate the frequency of RT-qPCR positivity after the first week of symptom
onset. Nevertheless, the findings of both the previously mentioned cohort study and our
study were similar regarding increasing Ct values over time and lower Ct values in the
serum samples than in the OF and urine samples. Combined, these results indicate that the
detection of CHIKV RNA is more likely to occur in serum than in OF and urine samples
and in samples collected in the acute phase than in samples collected in the post-acute or
chronic phase of the illness.

Several reports have shown that CHIKV RNA can be detected in body fluids other than
serum, such as saliva [26,28,29], urine [24,28,29,34], sperm [24,29], vaginal secretions [29],
placenta or amniotic fluid [35], breast milk [36], synovial liquid [37] and cerebrospinal
fluid [38,39]. Infectious CHIKV has also been detected in the saliva of mice, monkeys and
humans [27], raising concerns about the potential for non-vector-borne transmission [40].
However, that viable and replicating viruses can be identified in saliva does not mean that
the amount present can mediate direct person-to-person viral transmission. Additional
studies are needed to elucidate whether transmission of CHIKV through non-vector-borne
routes is indeed possible and to inform whether the presence of CHIKV genetic material in
these body fluids can serve as a marker of the risk of direct transmission.

Our study has both limitations and strengths. This study, which included samples
of 51 patients with laboratory evidence of CHIKV infection, is one of the most extensive
in comparing the ability of RT-qPCR to detect CHIKV RNA in paired serum, OF and
urine. However, the number of cases per group based on the confirmation criteria was
small. Nonetheless, identifying and collecting paired biological samples from patients with
chikungunya in the first week of symptoms is challenging because it is difficult to predict
when and where a CHIKV outbreak will occur. Therefore, obtaining paired acute-phase
samples from 51 patients with confirmed chikungunya can be considered a strength of our
study. Furthermore, although the OF and urine samples tested did not show visual signs of
blood, we cannot rule out the possibility of blood contamination due to a mucosal lesion.
Nevertheless, none of the patients with CHIKV RNA detected in the OF samples reported
gingival bleeding, and only one reported having oral ulcers. The only patient who had a
positive urine sample did not report hematuria. In an additional limitation, the frequency
of detection of CHIKV RNA in the patients’ acute-phase urine and OF samples, as well as
the Ct of detection, may have been influenced by the chosen RNA extraction and RT-qPCR
methods or by storing the samples at −80 ◦C instead of using fresh samples. However, the
implementation of the same protocols for RNA extraction and RT-qPCR in all the tested
samples ensured the consistency of our comparative study. Finally, in terms of strengths,
our study differs from the other two main studies that investigated the usefulness of a set
of biological samples for diagnosing CHIKV infection via RT-PCR [28,29] because it is the
first to show that OF can be RT-qPCR-positive in patients without positive RT-qPCR in
serum (but with IgM seroconversion). It also differs from the previous studies by including
two control groups, one comprising patients with RT-PCR-confirmed dengue and one with
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non-arbovirus acute febrile illness, thus supporting the high specificity of CHIKV qRT-PCR
in non-serum samples.

In summary, our results confirm that serum is the best sample for RT-qPCR-based
CHIKV diagnosis during acute disease, especially when collected in the first five days
after the initial onset of symptoms. However, when serum cannot be obtained, or the
laboratory detection of CHIKV is employed as part of surveillance efforts to monitor
virus transmission trends among suspected patients, rather than for case diagnosis and
management, testing OF may be attractive as a non-invasive alternative sample. However,
while OF may prove helpful for surveillance or diagnosis in specific situations, a negative
result should not be used to rule out a CHIKV infection. Our findings showed that the
sensitivity of RT-qPCR performed in OF was about 50% that of the same assay performed in
serum RT-qPCR. Nevertheless, because we found cases in which CHIKV RNA was detected
in OF but not in serum, additional studies should be conducted to determine whether the
parallel testing of serum and OF increases the capacity of case confirmation, to justify the
routinization of the parallel testing of these two samples.

Author Contributions: Conceptualization, L.C.J.-N., M.M.P. and G.S.R.; methodology, L.C.J.-N.,
M.M.P. and P.S.S.M.; acquiring data, L.C.J.-N., M.M.P., P.S.S.M. and R.O.A.; data analysis, L.C.J.-N.;
writing—original draft preparation, L.C.J.-N.; writing—review and editing, L.C.J.-N., M.M.P., R.O.A.,
P.S.S.M., C.S., S.C.W., U.K., M.G.R. and G.S.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by the Brazilian National Council for Scientific and Tech-
nological Development (grants 440891/2016-7 and 311365/2021-3 to G.S.R.), and scholarships to
L.C.J.-N. and G.S.R.; the Bahia Foundation for Research Support (grant PET0022/2016 to G.S.R.);
the Coordination for the Improvement of Higher Education Personnel, Brazilian Ministry of Educa-
tion (grant 88881.130749/2016-01 to G.S.R.); the National Institutes of Health (grants R24 AI120942,
U01AI151801 and R01 AI 121452 to SCW); the Department of Science and Technology, Secretariat of
Science, Technology and Strategic Inputs, Brazilian Ministry of Health; the Oswaldo Cruz Foundation;
the Federal University of Bahia; and the REPLICK (Clinical and Applied Research in Chikungunya).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Gonçalo Moniz Institute, Oswaldo Cruz
Foundation, Salvador, Brazil (CAAE: 55904616.4.0000.0040, No. 1.642.535, 20 July 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of this study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Robinson, M.C. An Epidemic of Virus Disease in Southern Province, Tanganyika Territory, in 1952–1953. Trans. R. Soc. Trop. Med.

Hyg. 1955, 49, 28–32. [CrossRef]
2. Lumsden, W.H.R. An Epidemic of Virus Disease in Southern Province, Tanganyika Territory, in 1952–1953 II. General Description

and Epidemiology. Trans. R. Soc. Trop. Med. Hyg. 1955, 49, 33–57. [CrossRef]
3. Vega-Rúa, A.; Zouache, K.; Girod, R.; Failloux, A.-B.; Lourenço-de-Oliveira, R. High Level of Vector Competence of Aedes

Aegypti and Aedes Albopictus from Ten American Countries as a Crucial Factor in the Spread of Chikungunya Virus. J. Virol.
2014, 88, 6294–6306. [CrossRef]

4. Weaver, S.C.; Forrester, N.L. Chikungunya: Evolutionary History and Recent Epidemic Spread. Antiviral Res. 2015, 120, 32–39.
[CrossRef]

5. Van Bortel, W.; Dorleans, F.; Rosine, J.; Blateau, A.; Rousseau, D.; Matheus, S.; Leparc-Goffart, I.; Flusin, O.; Prat, C.; Césaire,
R.; et al. Chikungunya Outbreak in the Caribbean Region, December 2013 to March 2014, and the Significance for Europe.
Eurosurveillance 2014, 19, 20759. [CrossRef]

6. Musso, D.; Rodriguez-Morales, A.J.; Levi, J.E.; Cao-Lormeau, V.-M.; Gubler, D.J. Unexpected Outbreaks of Arbovirus Infections:
Lessons Learned from the Pacific and Tropical America. Lancet Infect. Dis. 2018, 18, e355–e361. [CrossRef] [PubMed]

https://doi.org/10.1016/0035-9203(55)90080-8
https://doi.org/10.1016/0035-9203(55)90081-X
https://doi.org/10.1128/JVI.00370-14
https://doi.org/10.1016/j.antiviral.2015.04.016
https://doi.org/10.2807/1560-7917.ES2014.19.13.20759
https://doi.org/10.1016/S1473-3099(18)30269-X
https://www.ncbi.nlm.nih.gov/pubmed/29934112


Viruses 2024, 16, 235 9 of 10

7. Silva, M.M.O.; Tauro, L.B.; Kikuti, M.; Anjos, R.O.; Santos, V.C.; Gonçalves, T.S.F.; Paploski, I.A.D.; Moreira, P.S.S.; Nascimento,
L.C.J.; Campos, G.S.; et al. Concomitant Transmission of Dengue, Chikungunya, and Zika Viruses in Brazil: Clinical and
Epidemiological Findings from Surveillance for Acute Febrile Illness. Clin. Infect. Dis. 2019, 69, 1353–1359. [CrossRef] [PubMed]

8. Tauro, L.B.; Cardoso, C.W.; Souza, R.L.; Nascimento, L.C.J.; Dos Santos, D.R.; Campos, G.S.; Sardi, S.; Dos Reis, O.B.; Reis, M.G.;
Kitron, U.; et al. A Localized Outbreak of Chikungunya Virus in Salvador, Bahia, Brazil. Mem. Inst. Oswaldo Cruz 2019, 114, 2–5.
[CrossRef] [PubMed]

9. Faria, N.R.; Lourenço, J.; Marques de Cerqueira, E.; Maia de Lima, M.; Carlos Junior Alcantara, L.; Alcantara, L.C.J. Epidemiology
of Chikungunya Virus in Bahia, Brazil, 2014–2015. PLoS Curr. 2016, 8. [CrossRef] [PubMed]

10. Nunes, M.R.T.; Faria, N.R.; de Vasconcelos, J.M.; Golding, N.; Kraemer, M.U.; de Oliveira, L.F.; do Socorro da Silva Azevedo, R.;
da Silva, D.E.A.; da Silva, E.V.P.; da Silva, S.P.; et al. Emergence and Potential for Spread of Chikungunya Virus in Brazil. BMC
Med. 2015, 13, 102. [CrossRef]

11. Simião, A.R.; de Barreto, F.K.A.; de Oliveira, R.M.A.B.; Cavalcante, J.W.; Neto, A.S.L.; Barbosa, R.B.; de Lins, C.S.; Meira, A.G.; de
Araújo, F.M.C.; Lemos, D.R.Q.; et al. A Major Chikungunya Epidemic with High Mortality in Northeastern Brazil. Rev. Soc. Bras.
Med. Trop. 2019, 52, e20190266. [CrossRef] [PubMed]

12. Donalisio, M.R.; Freitas, A.R.R.; Von Zuben, A.P.B. Arboviruses Emerging in Brazil: Challenges for Clinic and Implications for
Public Health. Rev. Saude Publica 2017, 51, 30. [CrossRef]

13. Anjos, R.O.; Portilho, M.M.; Jacob-Nascimento, L.C.; Carvalho, C.X.; Moreira, P.S.S.; Sacramento, G.A.; Nery Junior, N.R.R.; de
Oliveira, D.; Cruz, J.S.; Cardoso, C.W.; et al. Dynamics of chikungunya virus transmission in the first year after its introduction in
Brazil: A cohort study in an urban community. PLoS Negl. Trop. Dis. 2023, 17, e0011863. [CrossRef] [PubMed]

14. Rodriguez-Morales, A.J.; Gil-Restrepo, A.F.; Ramírez-Jaramillo, V.; Montoya-Arias, C.P.; Acevedo-Mendoza, W.F.; Bedoya-Arias,
J.E.; Chica-Quintero, L.A.; Murillo-García, D.R.; García-Robledo, J.E.; Castrillón-Spitia, J.D.; et al. Post-Chikungunya Chronic
Inflammatory Rheumatism: Results from a Retrospective Follow-up Study of 283 Adult and Child Cases in La Virginia, Risaralda,
Colombia. F1000Research 2016, 5, 360. [CrossRef]

15. de Mota, M.T.O.; Terzian, A.C.; Silva, M.L.C.R.; Estofolete, C.; Nogueira, M.L.; de Mota, M.T.O.; Terzian, A.C.; Silva, M.L.C.R.;
Estofolete, C.; Nogueira, M.L. Mosquito-Transmitted Viruses—The Great Brazilian Challenge. Braz. J. Microbiol. 2016, 47, 38–50.
[CrossRef]

16. de Souza, W.M.; Ribeiro, G.S.; de Lima, S.T.S.; de Jesus, R.; Moreira, F.R.R.; Whittaker, C.; Sallum, M.A.M.; Carrington, C.V.F.;
Sabino, E.C.; Kitron, U.; et al. Chikungunya: A decade of burden in the Americas. Lancet Reg. Health Am. 2024, 30, 100673.
[CrossRef]

17. de Souza, W.M.; de Lima, S.T.S.; Simões Mello, L.M.; Candido, D.S.; Buss, L.; Whittaker, C.; Claro, I.M.; Chandradeva, N.; Granja,
F.; de Jesus, R.; et al. Spatiotemporal Dynamics and Recurrence of Chikungunya Virus in Brazil: An Epidemiological Study. Lancet
Microbe 2023, 4, e319–e329. [CrossRef]

18. Goupil, B.A.; Mores, C.N. A Review of Chikungunya Virus-Induced Arthralgia: Clinical Manifestations, Therapeutics, and
Pathogenesis. Open Rheumatol. J. 2016, 10, 129–140. [CrossRef]

19. Riswari, S.F.; Ma’roef, C.N.; Djauhari, H.; Kosasih, H.; Perkasa, A.; Yudhaputri, F.A.; Artika, I.M.; Williams, M.; van der Ven, A.;
Myint, K.S.; et al. Study of Viremic Profile in Febrile Specimens of Chikungunya in Bandung, Indonesia. J. Clin. Virol. 2016, 74,
61–65. [CrossRef] [PubMed]

20. Marques, C.D.L.; Duarte, A.L.B.P.; Ranzolin, A.; Dantas, A.T.; Cavalcanti, N.G.; Gonçalves, R.S.G.; da Rocha Junior, L.F.; de
Valadares, L.D.A.; de Melo, A.K.G.; Freire, E.A.M.; et al. Recommendations of the Brazilian Society of Rheumatology for Diagnosis
and Treatment of Chikungunya Fever. Part 1—Diagnosis and Special Situations. Rev. Bras. Reumatol. (Engl. Ed.) 2017, 57, 421–437.
[CrossRef] [PubMed]

21. Chikungunya|CDC Yellow Book. 2024. Available online: https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-
diseases/chikungunya (accessed on 9 December 2023).

22. Andrew, A.; Navien, T.N.; Yeoh, T.S.; Citartan, M.; Mangantig, E.; Sum, M.S.H.; Ch’ng, E.S.; Tang, T.H. Diagnostic Accuracy of
Serological Tests for the Diagnosis of Chikungunya Virus Infection: A Systematic Review and Meta-Analysis. PLoS Negl. Trop.
Dis. 2022, 16, e0010152. [CrossRef]

23. Natrajan, M.S.; Rojas, A.; Waggoner, J.J. Beyond Fever and Pain: Diagnostic Methods for Chikungunya Virus. J. Clin. Microbiol.
2019, 57, e00350-19. [CrossRef]

24. Bandeira, A.C.; Campos, G.S.; Rocha, V.F.D.; de Souza, B.S.F.; Soares, M.B.P.; Oliveira, A.A.; de Abreu, Y.C.; Menezes, G.S.; Sardi,
S.I. Prolonged Shedding of Chikungunya Virus in Semen and Urine: A New Perspective for Diagnosis and Implications for
Transmission. IDCases 2016, 6, 100. [CrossRef]

25. Bandeira, A.C.; Campos, G.S.; Sardi, S.I.; Rocha, V.F.D.; Rocha, G.C.M. Neonatal Encephalitis due to Chikungunya Vertical
Transmission: First Report in Brazil. IDCases 2016, 5, 57. [CrossRef]

26. Salles, T.S.; Sa-Guimarães, T.E.; Guimarães-Ribeiro, V.; Melo, A.C.A.; Ferreira, D.F.; Moreira, M.F. Detection of Chikungunya
Virus in Saliva and Urine Samples of Patients from Rio de Janeiro, Brazil. A Minimally Invasive Tool for Surveillance. Am. J.
Biomed. Sci. Res. 2021, 12, 130–133. [CrossRef]

27. Gardner, J.; Rudd, P.A.; Prow, N.A.; Belarbi, E.; Roques, P.; Larcher, T.; Gresh, L.; Balmaseda, A.; Harris, E.; Schroder, W.A.; et al.
Infectious Chikungunya Virus in the Saliva of Mice, Monkeys and Humans. PLoS ONE 2015, 10, e0139481. [CrossRef]

https://doi.org/10.1093/cid/ciy1083
https://www.ncbi.nlm.nih.gov/pubmed/30561554
https://doi.org/10.1590/0074-02760180597
https://www.ncbi.nlm.nih.gov/pubmed/30843962
https://doi.org/10.1371/currents.outbreaks.c97507e3e48efb946401755d468c28b2
https://www.ncbi.nlm.nih.gov/pubmed/27330849
https://doi.org/10.1186/s12916-015-0348-x
https://doi.org/10.1590/0037-8682-0266-2019
https://www.ncbi.nlm.nih.gov/pubmed/31596354
https://doi.org/10.1590/s1518-8787.2017051006889
https://doi.org/10.1371/journal.pntd.0011863
https://www.ncbi.nlm.nih.gov/pubmed/38150470
https://doi.org/10.12688/f1000research.8235.1
https://doi.org/10.1016/j.bjm.2016.10.008
https://doi.org/10.1016/j.lana.2023.100673
https://doi.org/10.1016/S2666-5247(23)00033-2
https://doi.org/10.2174/1874312901610010129
https://doi.org/10.1016/j.jcv.2015.11.017
https://www.ncbi.nlm.nih.gov/pubmed/26679829
https://doi.org/10.1016/j.rbr.2017.05.004
https://www.ncbi.nlm.nih.gov/pubmed/28751131
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/chikungunya
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/chikungunya
https://doi.org/10.1371/journal.pntd.0010152
https://doi.org/10.1128/JCM.00350-19
https://doi.org/10.1016/j.idcr.2016.10.007
https://doi.org/10.1016/j.idcr.2016.07.008
https://doi.org/10.34297/AJBSR.2021.12.001728
https://doi.org/10.1371/journal.pone.0139481


Viruses 2024, 16, 235 10 of 10

28. Musso, D.; Teissier, A.; Rouault, E.; Teururai, S.; De Pina, J.J.; Nhan, T.X. Detection of Chikungunya Virus in Saliva and Urine.
Virol. J. 2016, 13, 102. [CrossRef] [PubMed]

29. Martins, E.B.; Silva, M.F.B.; Tassinari, W.S.; De Bruycker-Nogueira, F.; Moraes, I.C.V.; Rodrigues, C.D.S.; Santos, C.C.; Sampaio,
S.A.; Pina-Costa, A.; Fabri, A.A.; et al. Detection of Chikungunya Virus in Bodily Fluids: The INOVACHIK Cohort Study. PLoS
Negl. Trop. Dis. 2022, 16, e0010242. [CrossRef] [PubMed]

30. Santiago, G.A.; Vázquez, J.; Courtney, S.; Matías, K.Y.; Andersen, L.E.; Colón, C.; Butler, A.E.; Roulo, R.; Bowzard, J.; Villanueva,
J.M.; et al. Performance of the Trioplex Real-Time RT-PCR Assay for Detection of Zika, Dengue, and Chikungunya Viruses. Nat.
Commun. 2018, 9, 1391. [CrossRef] [PubMed]

31. Lanciotti, R.S.; Calisher, C.H.; Gubler, D.J.; Chang, G.J.; Vorndam, A. V Rapid Detection and Typing of Dengue Viruses from
Clinical Samples by Using Reverse Transcriptase-Polymerase Chain Reaction. J. Clin. Microbiol. 1992, 30, 545–551. [CrossRef]
[PubMed]

32. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research Electronic Data Capture (REDCap)—A Metadata
Driven Methodology and Workflow Process for Providing Translational Research Informatict Support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef]

33. Monteiro, J.D.; Valverde, J.G.; Morais, I.C.; de Medeiros Souza, C.R.; Fagundes Neto, J.C.; de Melo, M.F.; Nascimento, Y.M.; Bizerra
Alves, B.E.; de Medeiros, L.G.; Bezerra Pereira, H.W.; et al. Epidemiologic and Clinical Investigations during a Chikungunya
Outbreak in Rio Grande Do Norte State, Brazil. PLoS ONE 2020, 15, e0241799. [CrossRef]

34. Lyra, P.; Campos, G.; Bandeira, I.; Sardi, S.; Costa, L.; Santos, F.; Ribeiro, C.; Jardim, A.; Santiago, A.; de Oliveira, P.; et al.
Congenital Chikungunya Virus Infection after an Outbreak in Salvador, Bahia, Brazil. Am. J. Perinatol. Rep. 2016, 06, e299–e300.
[CrossRef]

35. Fritel, X.; Rollot, O.; Gerardin, P.; Gauzere, B.A.; Bideault, J.; Lagarde, L.; Dhuime, B.; Orvain, E.; Cuillier, F.; Ramful, D.; et al.
Chikungunya virus infection during pregnancy, Reunion, France, 2006. Emerg Infect Dis 2010, 16, 418–425. [CrossRef]

36. Campos, G.S.; Bandeira, A.C.A.; Rocha, V.F.D.; Dias, J.P.; Carvalho, R.H.; Sardi, S.I. First detection of Chikungunya virus in breast
milk. Pediatr Infect Dis J 2017, 36, 1015–1017. [CrossRef] [PubMed]

37. Hoarau, J.J.; Jaffar Bandjee, M.C.; Krejbich Trotot, P.; Das, T.; Li-Pat-Yuen, G.; Dassa, B.; Denizot, M.; Guichard, E.; Ribera, A.;
Henni, T.; et al. Persistent Chronic Inflammation and Infection by Chikungunya Arthritogenic Alphavirus in Spite of a Robust
Host Immune Response. J. Immunol. 2010, 184, 5914–5927. [CrossRef]

38. Ramful, D.; Carbonnier, M.; Pasquet, M.; Bouhmani, B.; Ghazouani, J.; Noormahomed, T.; Beullier, G.; Attali, T.; Samperiz, S.;
Fourmaintraux, A.; et al. Mother-to-Child Transmission of Chikungunya Virus Infection. Pediatr. Infect. Dis. J. 2007, 26, 811–815.
[CrossRef] [PubMed]

39. da Mello, C.S.; Cabral-Castro, M.J.; de Faria, L.C.S.; Peralta, J.M.; Puccioni-Sohler, M. Use of Cerebrospinal Fluid for the Diagnosis
of Neuroinvasive Dengue, Zika, and Chikungunya: A 19-Year Systematic Review. Rev. Soc. Bras. Med. Trop. 2021, 54, 2021.
[CrossRef]

40. Rolph, M.S.; Zaid, A.; Mahalingam, S. Salivary Transmission of the Chikungunya Arbovirus. Trends Microbiol. 2016, 24, 86–87.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12985-016-0556-9
https://www.ncbi.nlm.nih.gov/pubmed/27306056
https://doi.org/10.1371/journal.pntd.0010242
https://www.ncbi.nlm.nih.gov/pubmed/35255099
https://doi.org/10.1038/s41467-018-03772-1
https://www.ncbi.nlm.nih.gov/pubmed/29643334
https://doi.org/10.1128/jcm.30.3.545-551.1992
https://www.ncbi.nlm.nih.gov/pubmed/1372617
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1371/journal.pone.0241799
https://doi.org/10.1055/s-0036-1587323
https://doi.org/10.3201/eid1604.091403
https://doi.org/10.1097/INF.0000000000001658
https://www.ncbi.nlm.nih.gov/pubmed/28650420
https://doi.org/10.4049/jimmunol.0900255
https://doi.org/10.1097/INF.0b013e3180616d4f
https://www.ncbi.nlm.nih.gov/pubmed/17721376
https://doi.org/10.1590/0037-8682-0891-2020
https://doi.org/10.1016/j.tim.2015.12.007

	Introduction 
	Materials and Methods 
	Study Design and Samples Selection 
	Detection of Chikungunya Virus RNA in Acute-Phase Serum, Oral Fluid and Urine 
	Statistical Analysis 

	Results 
	Clinical Characteristics of Patients 
	Chikungunya Virus RNA Detection in Oral Fluid and Urine 

	Discussion 
	References

