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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate the accuracy of the current World Health Organization’ (WHO) Chikungunya fever
Chikungunya fever (CHIKEF) clinical-epidemiological case definition against the gold standard of laboratory diagnosis.
Accuracy

Methods: This was a prospective study of patients seeking medical care at an Emergency Department in the
metropolitan area of Rio de Janeiro, Brazil, from January to June 2018. Clinical features were recorded.
Screening for CHIKF was performed using the RT-qPCR and ELISA-IgM antibody assay. Clinical features of CHIKF
RT-qPCR/IgM positive cases were compared with those with other febrile illnesses.

Results: 27,900 ED visits were recorded, of which 172 (0.61 %) patients were screened for arboviral illness. The
prevalence of laboratory-confirmed CHIKF (Lab-CHIKF) was 110/172 [64 %]. Chikungunya virus RNA was
detected in 92/172 (53.5 %) patients, while in 18/80 (10.5 %), only IgM was positive. Compared to CHIKV-
negative subjects, patients with CHIKF presented much earlier after the onset of symptoms (2 [1-4] vs. 3.5
[2.5—5], p = 0.007), and more frequently reported arthritis (61.8 % vs. 33.9 %, p < 0.0001), arthralgia (96.4 %
vs. 79 %, p < 0.0001), and conjunctivitis (35.5 % vs. 16.1 %, p = 0.007). After adjustments for other clinical
predictors, arthritis/arthralgia [aOR: 6 (95 % CI 1.8-19.7)] and the presence of conjunctivitis [aOR: 2.85 (95 %
CI 1.30—-6.24] were positively associated with lab-CHIKF. The sensitivity, specificity, positive predictive value,
and negative predictive value of the WHO CHIKF clinical case definition was 96.3 %, 20.9 %, 68.3 % and 76.4 %,
respectively, and accuracy was 0.69 [AUC: 0.69 (95 % CI 0.61—-0.75)].

Conclusion: The WHO case definition needs to be improved for better accuracy, especially in areas in epidemics in
areas with co-circulation of arboviruses.

Case definition
Laboratory diagnosis

1. Introduction

Chikungunya virus (CHIKV), transmitted by the Aedes (Stegomya)
mosquitoes, has spread globally and constitutes a serious threat to
various tropical but also temperate areas of the world [1,2].

In 2013, the first autochthonous case of chikungunya fever (CHIKF)
in the Americas was reported in St Martin [3]. By 2015, autochthonous
cases had been described in Brazil, Colombia and Venezuela, and many

other countries [4]. CHIKF may result in acute and long-term poor
quality of life due to joint pain and disability, as well as consequent to
neurological complications, especially in the elderly and in the newborn.
Clinical diagnostic confusion between dengue and Chikungunya may be
historical, as arthritis may be an essential feature in both conditions [5].
Diagnostic criteria are crucial, both in resource-limited and
non-resource limited scenarios, for adequate care, especially in large
outbreaks. We evaluated the accuracy of the current World Health
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Organization’” (WHO) CHIKF clinical-epidemiological case definition
[1], that is, that of a patient with “acute onset of fever >38.5 °C and
severe arthralgia/arthritis not explained by other medical conditions
AND who is residing in or has visited epidemic areas, having reported
transmission within 15 days prior to the onset of symptoms”, against the
gold standard of laboratory diagnosis, which is at least one of the
following tests in the acute phase: virus isolation, presence of viral RNA
by RT-PCR; presence of virus specific IgM antibodies in single serum
sample collected in acute or convalescent stage or a four-fold rising of
IgG titers in samples collected at least three weeks apart. The compari-
son of clinical features with RT-PCR and IgM and IgG antibodies was
done in a cohort of patients with suspicion of arboviral illness seeking
care in an urban emergency department in Rio de Janeiro, Brazil, from
January to June 2018, a scenario where other arboviruses co-circulate
and the initial clinical presentation often does not allow distinction
between different viral aetiologies of infection. We emphasize that the
studied area has a tropical climate which is warm and rainy especially
from the months of January to April, and therefore favors vector pro-
liferation and transmission of arboviruses.

2. Methods

The participants of the study were patients, predominantly adult,
seeking medical care at the Emergency Department (ED) located in a
general hospital in Duque de Caxias, metropolitan area of Rio de
Janeiro, Brazil, from January to June 2018. Patients eligible for the
study had a clinical diagnosis of arboviral disease, regardless of gender
and age. Individuals with a clear source of infection (eg pneumonia,
sinusitis) and those who refused to participate were excluded. Clinical
information, duration of symptoms (DOS), and routine physical exami-
nation were recorded. A single whole blood sample was collected on the
day of enrolment, and serum samples were stored at —80 °C for further
laboratory analysis. RNA extraction was performed using the QIAamp®
Viral Mini Kit (QIAGEN, Valencia, CA, USA). Screening for CHIKV was
performed using the reverse transcriptase reaction assay, followed by
real-time PCR (RT-qPCR). The primers and probes used were synthe-
sized in a Primetime qPCR® (IDT, Integrated DNA Technologies) strat-
egy, according to Lanciotti et al. [6]. RT-qPCR assays were performed
using the TagMan® Fast Virus 1-Step Master Mix kit (Thermofisher
Scientific, Waltham, MA, USA) on 7500 Real-time PCR System (Applied
Biosystems, Foster City, CA, USA). XGEN kits (Biometrix, Brazil) were
used to detect the presence of CHIKV-specific IgM and IgG antibodies
following the manufacturer’s instructions.

Our algorithm for the laboratory diagnosis of CHIKV was based on
the current WHO guidelines. First, we performed CHIKV RT-PCR in
acute sera in all patients in the cohort, then, for those with a negative
molecular assay, we screened for CHIKV IgM and IgG antibodies. We
considered a laboratory confirmed case that with both RT-PCR and IgM
detection, or that with either a reactive RT-PCR or IgM positive result.

Demographic and clinical features of CHIKV RT-PCR/IgM positive
cases (laboratory-confirmed CHIKF cases) were compared to those of
patients with other febrile illnesses. Differences in proportions were
tested by applying the chi-square test, and medians were compared
using the Mann-Whitney-Wilcoxon test. Odds ratio (OR) was used as the
association measure to identify the clinical features related to CHIKF
against the laboratory diagnosis of CHIKV. Explanatory variables with a
marginal association with the outcome in the univariate analysis were
included in the binary regression model. Stepwise logistic regression
was done with forwarding selection to identify the prediction model,
with a significance level of 5 %. We then evaluate the suspected case
definition of CHIKV, according to WHO. Measures of accuracy, sensi-
tivity, specificity, positive predicted value, and negative predictive
value and their corresponding 95 % confidence intervals were
computed. The performance indicators were estimated, taking into ac-
count true positives (TP), true negatives (TN), false positives (FP), and
false negatives (FN) results. Sensitivity was calculated as TP/(TP + FN),
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specificity as TN/ (TN + FP), positive predictive value as TP/ (TP + FP),
and negative predictive value as TN /(FN + TN). Concurrently, likeli-
hood ratio (LR) and accuracy were also computed to estimate the clinical
case definition. Positive LR (PLR) for the presence of a case definition
pattern was calculated as [(Sensitivity) / (1-Specificity)]; negative LR
(NLR) for the absence of a case definition pattern was calculated as [(1-
Sensitivity)/(Specificity)]. Accuracy was defined as the proportion of all
combinations that were consistent with a correct result according to a
positive CHIKV molecular and/or serological status. This latter indicator
was calculated as the (TP + TN) ratio for the number of positive mo-
lecular and serological tests. All estimates were expressed as percentages
with their corresponding 95 % confidence intervals (CI).

3. Results

During the study period, 27,900 ED visits were recorded, of which
172 (0.61 %) patients were screened for arboviral illness after their
consent/assent to participate. The prevalence of laboratory-confirmed
CHIKYV infection was 110/172 [64 % (95 CI 56-71)], and 62/172 (36
%) had another acute febrile illness. Overall, participants had a mean
age of 39 (£15.5, range: 11-73) years, females predominated (52.3 %),
and the majority presented within three days after onset of illness (65
%). Among CHIKV-infected patients, CHIKV RNA was detected in 92/
172 (53.5 %) patients, while in 18/80 (10.5 %), only IgM was positive
(Fig. 1).

A comparison of clinical features for patients with CHIKV and other
acute febrile illness (AFI) is shown in Table 1. Patients with CHIKV
presented much earlier after onset of symptoms (2 [1-4] vs. 3.5 [2.5—5],
p = 0.007) and reported more frequently arthritis (61.8 % vs. 33.9 %,
p < 0.0001), arthralgia (96.4 % vs. 79 %, p < 0.0001), and conjunctivitis
(35.5 % vs. 16.1 %, p = 0.007) compared to CHIKV-negative subjects,
respectively. After adjustments for other clinical predictors, arthriti-
s/arthralgia [aOR: 6 (95 % CI 1.8-19.7)] and the presence of conjunc-
tivitis [aOR: 2.85 (95 % CI 1.30—6.24] were positively associated with
laboratory-confirmed CHIKV infection.

One hundred and six patients with laboratory confirmed CHIKV met
the current WHO clinical-epidemiological definition of CHIKF. The
sensitivity, specificity, positive predictive value, and negative predictive
value was 96.3 % [90.9-99.0], 20.9 % [11.6-33.1], 68.3 % [65.4-71.1]
and 76.4 % [52.5-90.5], respectively. When we evaluated the WHO
definition of CHIKV in our setting, this clinical classification adjudicated
69 % (95 % CI: 61.7-75.9) of subjects accurately with respect to labo-
ratory confirmation. These figures were obtained after calculations
based on our results as presented in Table 2.

4. Discussion

Clinical diagnostic criteria were studied regarding CHIKF in order to
distinguish it from other illnesses [7-11], especially dengue, which is
hyper-endemic in Brazil. This is an important issue to consider in areas
in which different arboviruses circulate, as medical decisions need to be
made based on clinical impression, rather than laboratory confirmed
diagnosis. We therefore set out to study the sensitivity and specificity of
clinical diagnostic criteria in CHIKF compared to the standard confirmed
cases. In our study, fever was observed in 89 % of all patients with
laboratory confirmed CHIKF. Severe joint paint is a regular feature of
symptomatic CHIKF, and was seen significantly more frequently in our
patients, where 81 (73.6 %) of laboratory confirmed CHIKF cases had
moderate to severe arthralgia compared to 24 (38.7 %) of other AFI,
with an OR of 4.42. van Genderen et al. [12], studying 180 outpatients
in an outbreak of CHIKF in Suriname in 2014, found that approximately
70 % of 121 RT-rPCR positive CHIKF patients had moderate to severe
pain; besides, arthralgia was significantly more common in the RT-rPCR
positive vs the RT-rPCR negative (84.4 % vs 65.7 %, p = 0.02).

Despite the frequency and severity of joint pain, in our study, the
WHO criteria for probable CHIKF (acute onset of fever >38.5 °C and
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Fig. 1. Laboratory-confirmed Chikungunya fever cases in a cohort of patients with suspected arboviral disease seeking care at an Emergency Department in Rio de

Janeiro, Brazil, January-June 2018.

Table 1

Clinical features at study enrollment by chikungunya diagnosis in patients with
suspicion of arboviral disease seeking care at an Emergency Department in Rio
de Janeiro, Brazil, January—June 2018.

CHIKF All other OR [95 % CI]
N =110 AFI
N =62

Characteristics
Age (years), mean + SD 40 (15.2) 37 (16)
Female - n (%) 54 (49) 36 (58) 0.70 [0.37—1.30]
DPO, median [IQR] 2[1,2,3, 3.5 -

4] [2.5-5]
Fever > 38.5°C 98 (89) 21 (33.8) 15.94

[7.18—35.40]
Rash - n (%) 37 (33.6) 20 (32.3) 1.06 [0.54—2.06]
Myalgia — n (%) 78 (70.9) 45 (72.6) 0.92 [0.46—1.84]
Pruritus — n (%) 16 (14.5) 14 (22.6) 0.58 [0.26—1.29]
Mild arthralgia — n (%) 25 (22.7) 25 (40.3) 0.43 [0.22—-0.85]
Moderate/severe arthralgia—n 81 (73.6) 24 (38.7) 4.42 [2.27—-8.59]
(%)

Arthritis — n (%) 68 (61.8) 21 (33.9) 3.16 [1.64—6.06]
Conjunctivitis — n (%) 39 (35.5) 10 (16.1) 2.85 [1.30—6.24]
Headache - n (%) 87 (79.1) 47 (75.8) 1.20 [0.57-2.53]
Hemorrhagic manifestations — 3(2.7) 1(1.6) 1.71 [0.17-16.80]

n (%)

AFI stands for acute febrile illness; CHIKF = chikungunya fever; DPO = days
after onset of illness; IQR = interquartile range; OR = odds ratio; SD = standard
deviation.

Table 2
Classification of Chikungunya fever cases according to the WHO clinical defi-
nitions and to laboratory confirmed diagnosis.

Laboratory CHIKV Laboratory CHIKV Total
positive negative
WHO clinical 106 49 155 (90.1
definition positive %)
WHO clinical 4 13 17 (9.9
definition negative %)
Total 110 (63.9 %) 62 (36.1 %) 172 (100

%)

WHO = World Health Organization; CHIKV = Chikungunya virus.

severe arthralgia/arthritis not explained by other medical conditions in
the epidemiological context of transmission) had 69 % accuracy. In the
study by Sissoko et al. [7], the WHO criteria “fever + arthralgia” was
present in 83.4 % of 318 CHIKV antibody confirmed cases and in 86.9 %
of 107 laboratory negative cases, that is, it was unable to discriminate
clinically the patients. Thiberville et al. [9], in an outpatient investiga-
tion similar to our study, proposed a refinement of the score, using wrist
and metacarpophalangeal joint arthralgia, absent or minor myalgia and
more frequent lymphopenia as the best predictors of CHIKF, which
reached 87 % PPV in their population of acutely ill 18-60 years old. Lee
et al. [8], in a study of hospitalized adults, compared 117 patients with
RT-PCR confirmed CHIKF with 917 patients with RT-PCR dengue
confirmed ones, and found that myalgia and arthralgia were more
common in CHIKF, while platelet counts below 118 x 109/L were the
best predictor of dengue.

Our CHIKF confirmed cases presented with conjunctivitis twice more
often compared to other AFI (35.5 % vs 16.1 %, respectively, aOR of
2.85); the frequency of conjunctivitis is similar to that published by de
Souza Costa et al. [13] where it occurred in 15/40 (37.5 %) of patients
with laboratory confirmed CHIKF studied in the nearby city of Rio de
Janeiro in 2016. In a recent series of 95 laboratory confirmed CHIKF
from Mexico [14], conjunctivitis was present in 15 % of cases.
Conjunctivitis was considered an important diagnostic criterion for Zika
virus infection [15], but again overlap of clinical features are prominent.

We emphasize CHIKV viremia is short-lived, and the majority of the
clinical manifestations are virus-induced immunopathology.
Conversely, CHIKV antibodies cross-react with other alphaviruses that
manifest with similar clinical manifestations and cause several out-
breaks in Latin America (i.e., Mayaro virus, Una virus, Eastern equine
encephalitis, and Venezuelan equine encephalitis virus) [13]. Fortu-
nately, during the study period, the local state surveillance system did
not report any other alphaviruses in the region, so we are much confi-
dent that the serology profile presented in our cohort reflects current
CHIKYV infection.

In an area with the circulation of dengue, Zika and Chikungunya
viruses, patients with CHIKF presented earlier than those with other
arboviral illnesses, more often had severe arthralgia/arthritis and
conjunctivitis. However, specificity of the WHO criteria for CHIKF was
low, and accuracy was less than expected. A refinement of criteria is
crucial and should be actively sought for.
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