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Ab s t r Ac t 
Structure: Chikungunya virus (CHIKV) is an arthropod-borne ribonucleic acid (RNA) virus, classified in the genus alphavirus in the family Togaviridae. 
Clinical presentation: Perinatal/neonatal infections are rare, but some infants can develop fever, thrombocytopenia, lymphopenia, pigmentary 
changes, and a maculopapular rash. The neurocognitive outcome of some infants with vertically transmitted mother-to-child perinatal infections 
and CHIKV neonatal encephalopathy can be poor. 
Diagnosis: The diagnosis of CHIKV infections can be confirmed by the detection of chikungunya viral RNA via real-time reverse-transcription 
polymerase chain reaction (RT-PCR) and/or specific immunoglobulin (Ig)M and IgG serology. 
Treatment: Currently, no specific antiviral treatment(s) are available for CHIKV, and management is limited to supportive care by maintaining 
adequate intravascular volume by intravenous fluids and oral rehydration. Infants exposed in utero or during the perinatal period need to be 
monitored for adverse neurocognitive outcomes.  
Keywords: Aedes aegypti, Aedes albopictus, Brownie nose, Chikungunya sign, Chikungunya virus encephalitis, Infant, Neonate, Newborn, 
Thrombocytopenia, Vertical transmission.
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Ke y Po i n ts
• Chikungunya virus is widely transmitted in tropical and 

subtropical areas by Aedes (Ae.) mosquito vectors: Aedes aegypti 
and Aedes Albopictus. 

• Pregnant mothers with recent CHIKV infections can transmit 
the virus to the fetus in utero or to the newborn infant during 
the perinatal period. These infants are diagnosed as infected 
if they test positive for viral RNA or specific IgM antibodies 
before postnatal day 10 in blood or day 15 in the cerebrospinal 
fluid (CSF). The virus is carried throughout the body in infected 
monocytes.

• Chikungunya virus encephalitis can show as white matter (WM) 
hyperintensities on T1-weighted magnetic resonance imaging 
(MRI) in the choroid plexus, leptomeninges, and ependyma. The 
long-term neurocognitive outcome of these children is poor.

• There is no specific treatment. Supportive management includes 
close monitoring of vital signs and maintenance of adequate 
intravascular volume. 

• A live-attenuated, measles-vectored vaccine expressing CHIKV 
structural proteins (MV-CHIK), a chikungunya (CHIK) virus-like 
particle (VLP) vaccine, and a messenger RNA (mRNA)-based 
vaccine (VLA-181388) are under trials.

in t r o d u c t i o n 
Chikungunya virus (CHIKV) is an arthropod-borne (arbovirus) 
classified in the genus alphavirus, the arthritogenic Semliki forest 
virus serocomplex, and the family Togaviridae.1–3 In adults, it has 
been associated with acute febrile polyarthralgia, inflammatory 
arthritis, and dermatologic and systemic presentations.4,5 It was 
first isolated by Ross in 1952 in the Newala district of Tanzania6 
and then described in more detail in 1955 by Robinson and 
Lumsden after an earlier outbreak on the Makonde Plateau, along 
the border between Tanganyika and Mozambique.7,8 The name 

Chikungunya is derived from the Kimakonde language spoken 
in southeast Tanzania and northern Mozambique, meaning “that 
which bends up” referring to the debilitating arthralgia caused 
by this disease.9,10 It has now increasingly been recognized as a 
global health concern.11 

Viral Structure
The chikungunya virus originated in Tanzania and is closely related 
to the O’nyong’nyong virus, which originated in Uganda.12–14 It 
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is an enveloped, positive-sense, single-chain linear ribonucleic 
acid (RNA) virus with a diameter of 60–70 nm (Fig. 1).15 The RNA 
genome of around 11.8 kb is divided into two open reading frames 
(ORFs) surrounded by 5′ and 3′ nontranslated regions.15,16 The 5′ 
ORF encodes four nonstructural proteins (nsPs): nsP1, nsP2, nsP3, 
and nsP4. The 3′ ORF also encodes four structural proteins: capsid 
(C), envelope 3 (E3), envelope 2 (E2), and envelope 1 (E1).17,18 
The nsPs are important mediators in viral pathogenesis and 
neuroinvasiveness due to their role in viral replication inside the 
host cytoplasm. The structural proteins facilitate the recognition 
of host cells, binding, and entry.19,20 The E2 subunit of the E protein 
binds the Mxra8 receptor on fibroblasts and skeletal muscle cells 
and promotes viral entry into host cells by clathrin-mediated 
endocytosis.20–24

In RNA viruses, the replacement of only a few amino acids 
can bring about major changes in biological properties.25,26 The 
RNA-dependent RNA polymerase (RdRp) of CHIKV is a low-fidelity 
enzyme, and hence can promote the formation of new viral 
variants during successive cycles of RNA replication.27–29 These 
features promote adaptation to varying hosts and determine their 
pathogenicity.30–32 The CHIKV has been traditionally classified 
into three lineages based on the sequences of the envelope E1 
gene.33,34 Since 2006, a new classification with four geographic 
lineages has been recognized: (1) the West African, (2) the Asian 
genotypes with varying E protein expression, (3) the East/Central/
South African (ECSA) with mutations in the E1 protein, and (4) 
the Indian ocean lineage that has diverged from the ECSA.35–38 
The ECSA variants have also been isolated in Rio de Janeiro, 
Brazil, and in Reunion Island.39 These variants can cause severe 
cutaneous lesions and multisystem disease in neonates.19,33 Some 
mutants may show enhanced transmission via Aedes albopictus 
mosquitoes26 and are associated with neuroinvasive disease by 
upregulating Toll-like receptor-3 in neuronal cells.40,41 The ECSA 
strains with an arginine-to-valine mutation on position 226 seem to 
be the most pathogenic, CHIKV-Western Hemisphere (CHIKV-WH) 
as moderately so, and the unmodified ECSA and West African 
strains the least pathogenic lineages.42,43 Table 1 summarizes the 
information on the major viral components.

eP i d e m i o lo g y

Geographical Areas at Higher Risk of CHIKV Infections 
Chikungunya virus infections can be both endemic and 
epidemic.10,44 The virus is transmitted via the Aedes mosquito 
vectors with a typical incubation period of 3–7 days, although the 
infectious period may range from 1 to 12 days.45,46 It is endemic in 
West Africa, but outbreaks have also been recorded in other parts 
of Africa, Asia, Europe, islands in the Indian and Pacific Oceans, 
and in the Americas.47,48 Over one-third of the inhabitants of 
La Reunion Island, a French territory in the Indian Ocean, were 
affected in the 2005–2006 outbreak.49 Most outbreaks in the 
tropics occur during rains.11 The CHIKV may rarely be transmitted 
by blood products.50,51 The chikungunya (CHIK) viremia can 
precede the onset of symptoms and disappears after 6–7 days 
of illness.52,53 

Mother-to-Fetus Transmission 
Pregnant women infected with CHIKV before 16 weeks’ gestation 
can develop deep trophoblastic invasion and consequently, 
fetal sequelae and deaths. In these women, the viral genome is 
detectable in high titers in the amniotic fluid, placenta, and/or 
brain of the fetuses.54 The mothers are usually asymptomatic other 
than the occasional miscarriage.55,56 During the second trimester, 
the placenta is a strong barrier to CHIKV and maternal-to-fetal 
transmission of the virus is generally infrequent.47 In the third 
trimester, transmission is infrequent; even most of the stillborn 
fetuses born to mothers with CHIKV fever do not test positive for 
the virus.57

We do not have consistent and detailed epidemiological data 
implying a strong association between first-trimester infections 
and increased risk of miscarriage or congenital malformations. 
Chikungunya virus infections may occur with higher frequency in 
mothers from the lower socioeconomic strata of society.58 

Maternal viremia is seen frequently in the peripartum period, 
particularly in the preceding 2 to the subsequent 2 days after 
delivery.56 Vertical transmission rates during this period may range 
between 27.7% and 49%;24,55,59 the risk is higher when peripartum 

Figs 1A and B: Schematic diagrams showing (A) surface and side dissection and (B) cross-section of the chikungunya virus
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Table 1: Major structural components of CHIKV

Structure Available information

Lipid envelope The lipoprotein envelope is derived from the nuclear membrane of an infected host cell and covers the nucleocapsid.191 

Glycoproteins Glycoproteins, E1 and E2, form membrane spikes in an icosahedral shell on the virion surface. Glycoprotein E1 is a 
class II fusion protein that mediates low pH-triggered membrane fusion during infection. E2 is a type I transmembrane 
 glycoprotein and binds cell surface receptors.192,193 It is derived from furin cleavage of p62 precursors.66,194  

Receptor-binding 
motifs

Receptor-binding motifs are involved in virion attachment to host cell surface receptors during the process of infection 
and endocytosis. Receptor binding is facilitated by the E2 glycoprotein of CHIKV,195,196 which contains recognized 
receptor binding sites.194,197 E2 domain B contains a class III PDZ-binding motif,198,199 which mediates protein–protein 
interactions.200,201 A phosphatidylserine residue in the viral envelope also binds cell–surface receptors on the cell surface.202 

Envelope protein Envelope proteins, E1 and E2, form membrane spikes on the viral surface.203 These spikes facilitate attachment to cell 
surfaces and viral entry into the cells. 

Membrane 
protein

E1 protein contains three β-barrel domains. Domain I is between domains II and III, and the fusion loop is at the distal 
end of domain II.194 Heterodimers of the E1 and E2 proteins assemble into spikes on the virion surface and facilitate the 
infection of target cells.194 The E1 protein contains a hydrophobic fusion peptide and is necessary for viral and cellular 
membrane fusion.21 

Major 
 histocompatibility 
complex (MHC) or 
human leukocyte 
antigens (HLA) 
proteins

Conserved B- and T-cell epitopes of CHIKV structural proteins may play an important role in evoking immune responses 
against CHIKV. B-cell epitopes “PPFGAGRPGQFGDI” is highly immunogenic, while among T-cell epitopes, MHC class I 
peptides “TAECKDKNL” and MHC class II peptides “VRYKCNCGG” are important. All T-cell epitopes are conserved between 
CHIKV genomic sequences belonging to 17 different countries.204 

Spike protein Glycoproteins, E1 and p62, bind to form heterodimers that subsequently trimerize into a viral spike in the endoplasmic 
reticulum. The CHIKV spikes show intraspike contacts between three constituent E2 molecules. The glycoprotein E1 
wraps around E2 and contributes to interspike interactions with E3 being located at the periphery of the E2 molecules. 
The spikes undergo a structural rearrangement during maturation, with the cleavage of p62 into E2 and E3, thereby 
exposing the fusion loop on E1 and arranging the glycoprotein spikes into a mature conformation. The association of 
mature spikes with the nucleocapsid makes these less compact and nucleocapsid disassembly upon release into the 
host cell cytoplasm corresponding to the release of the genome into a host cell after virus entry.199 

Surface tubules Either not expressed or relevance unclear fetal/infantile disease. 

Palisade layer Either not expressed or relevance unclear fetal/infantile disease.

Viral tegument Either not expressed or relevance unclear fetal/infantile disease.

Lateral bodies Either not expressed or relevance unclear fetal/infantile disease.

Capsid The capsid is composed of 240 copies of specific proteins and encloses the viral genomic RNA in nucleocapsid cores. 
These cores interact with the E1–E2 glycoproteins produced in the endoplasmic reticulum and the Golgi. The mature 
virions bud from the plasma membrane.205 

Capsomeres Structural subunits of the capsid and can be seen in electron micrographs.206 

Core membrane Either not expressed or relevance unclear fetal/infantile disease. 

Protein core The polyprotein is expressed from the ORF1 of CHIKV. It is processed into four nsPs (nsP1, 2, 3, and 4), which undergo pro-
teolysis and assemble into the viral replication complex.201 Mature nsPs function collaboratively to replicate the viral 
genomic RNA and to transcribe the subgenomic RNA, which encodes the structural genes for virus particle assembly.207 

Core fibrils Either not expressed or relevance unclear fetal/infantile disease.

Matrix Either not expressed or relevance unclear fetal/infantile disease.

Enzymes The cerebral palsy (CP) sindbis virus (SINV) is divided into three regions: region I (residues range: 1–80), region II (resi-
dues range: 81–113), and region III (residues range: 114–264). The regions I and II are part of the N-terminal domain of 
CP and are involved in the encapsidation of the genomic RNA.205 The region III is part of the C-terminal domain, which 
is responsible for the serine protease activity of CP. The CP has a cis-proteolytic activity that cleaves itself from the 
nascent structural polyprotein precursor.206 The nsP1 displays the unique N7-guanine-methyltransferase and guanyl-
yltransferase activities required for viral RNA 5′ cap-0 synthesis. The nsP2 is the largest nsP that has the N-terminal RNA 
helicase/nucleoside triphosphatase/RNA triphosphatase domain and the C-terminal cysteine protease domain. The 
nsP4 is the RNA-dependent RdRp.201 

RNA elements A transient double-stranded replicative RNA intermediate composed of viral plus- and minus-strand RNAs is synthesized 
by a replicase complex formed by the non-structural proteins nsP1–4.208 The newly synthesized minus strand serves in 
turn as a template, allowing the RNA-dependent RdRp to synthesize additional plus-strand genomic RNA.17 Following 
the complete processing of the ns-polyprotein, the replicase then promotes the synthesis of the viral genomes and 
production of the subgenomic RNAs that encode the viral capsid and envelope proteins.209 

(Contd...) 
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maternal viremia coincides with breaches in the placental barrier 
and, consequently, results in high placental viral loads.47,52,55 
Cesarean sections are not protective and are, therefore, not 
recommended.54–56,59 However, even though the epidemiological 
data are scant, there are many reports of infants who got infected 
during the peripartum period as developing neurocognitive delays 
and arrested head growth after birth.47,54,60

PAt h o g e n e s i s
The CHIKV infection is followed by viremia within a few days 
of infection. Animal models of CHIKV infections suggest that 
the virus first infects the synovium, tenosynovium, and muscle, 
and then may persist in joints for several days to weeks.61 
This promotes the recruitment of leukocytes, particularly 
monocytes, and increased expression of inflammatory cytokines, 
chemokines, and other inflammatory mediators.62–64 Disease 
severity correlates with the persistence of CHIKV in monocytes 
and the systemic inf lammatory response with increased 
production of interleukin (IL)-6, IL-1β, tumor necrosis factor (TNF), 
and CC ligand 2 (CCL2, monocyte chemoattractant protein-1) 
(Flowchart 1).24,47,65,66 

The CHIKV infections during pregnancy can manifest with maternal 
sepsis, preterm delivery, premature rupture of membranes, decreased 
fetal movements, intrauterine death, oligohydramnios, and preterm 
labor pains.67,68 Cluster of differentiation 163 (CD163), an activation 
marker,69 is detected in the CHIKV-infected placenta as an indication 
of the presence of Hofbauer cells.70 The placenta is hyperplastic with 
enlarged CD163+ cells due to immunological activation. Mitochondrial 
swelling, a characteristic of apoptosis,71 and dilated endoplasmic 

reticulum cisterns are seen in the cytotrophoblasts of CHIKV-infected 
placenta, thereby affecting cell homeostasis and signaling.72 There is 
a thickening of the endothelial basement membrane, which can alter 
the absorption of gases and nutrients in the placenta.73 Maternal viral 
infections during gestation can cause epigenetic changes and alter the 
inflammatory microenvironment leading to developmental changes; 
there is a need for long-term follow-up.74,75 

The CHIKV-induced maternal inflammation can influence 
fetal development through the vertical transfer of cytokines, 
chemokines, and hormones.76 Neonates, with still evolving 
specific adaptive immunity, depend on innate immune responses 
with exaggerated inflammation and considerable morbidity.77 
The CHIKV-exposed infants have high levels of inflammatory 
cytokines such as TNF, which can impact neurodevelopment, 
and inhibit the proliferation and differentiation of neuronal cells 
(Flowchart 2).78,79 However, the effects of various cytokines are 
not consistent. The CHIKV-exposed infants may have increased 
circulating chemokines such as chemokine (C-X-C motif) ligand 
8 (CXCL-8), chemokine (C-C motif) ligand 3 (CCL3) macrophage 
inflammatory protein, (MIP)-1α and CCL4 (MIP-1β), which recruit 
neutrophils and monocytes.80–82 Elevated plasma/cerebrospinal 
fluid (CSF) levels of CXCL9, CXCL10, and the eotaxins (CCL11, 
CCL24, and CCL26) can promote neuronal damage and possibly 
be associated with Zikavirus (ZIK V) microcephaly.47,83–86 
CXCL10 and eotaxins can also promote neurological damage 
in these patients.47,84 Low levels of T-helper cell 2 (Th2)-related 
cytokines such as IL-4, IL-10, and IL-13 can delay the resolution of 
musculoskeletal symptoms.87,88 However, CCL3/MIP-1α may be 
neuroprotective.82 Interferon (IFN)-γ and IL-12p70 may also be 

Structure Available information

Nucleus Either not expressed or relevance unclear fetal/infantile disease.

Nucleosome Either not expressed or relevance unclear fetal/infantile disease.

DNA No DNA genome exists.

RNA The CHIKV virion contains a positive-sense RNA genome ∼11.8 kb in length, which is translated into a large polyprotein 
during the infectious life cycle. The genome contains two ORFs flanked by 5′- and 3′-untranslated regions (UTRs) and 
separated by a noncoding intergenic region. The 5′-UTR is 76 nt in length and contains a 5′ type-0 N 7-methylguanosine 
cap for initiation of cap-dependent translation. The 3′-UTR varies in length between ∼500 and ∼900 nt and includes a 
3′ polyadenylate tail.17 

Genome- associated 
 polyprotein

RNA genome is translated into a replicase complex consisting of four nsPs that are expressed as a polyprotein precursor. 
These nsPs are initially produced as a nonstructural polyprotein precursor that is processed by the viral protease.210 

DNA polymerase Either not expressed or relevance unclear fetal/infantile disease. 

RdRp The C-terminal domain of nsP4 acts as an RNA-dependent RdRp and catalyzes the formation of negative-sense, 
 genomic, and subgenomic viral RNAs. Viral replication begins with the synthesis of minus-strand RNA from the 
 positive-strand RNA genome, which then acts as a template for the formation of plus-strand RNA genomes. 
 Production of new viral particles is catalyzed by the RNA-dependent RdRp.211 

Reverse 
 transcriptase

Either not expressed or relevance unclear fetal/infantile disease.

Head Either not expressed or relevance unclear fetal/infantile disease.

Base plate Either not expressed or relevance unclear fetal/infantile disease.

Integrase Either not expressed or relevance unclear fetal/infantile disease.

Tail Either not expressed or relevance unclear fetal/infantile disease.

Tail fiber Either not expressed or relevance unclear fetal/infantile disease.

Neck Either not expressed or relevance unclear fetal/infantile disease.

PDZ, post-synaptic density-95, disks-large and zonula occludens-1

Table 1: (Contd...)
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Flowchart 1: Pathogenesis of perinatal chikungunya infection

Flowchart 2: Pathogenesis of neurological manifestations

neuroprotective in some situations.79,89,90 However, neonates 
have limited expression of Toll-like receptors that induce IFN 
production.91 Type I IFN (IFNα, –β, and –ω) are an important 
component of anti-CHIKV immunity and can suppress viral 
replication in the early stages of the disease.92 

Asymptomatic CHIKV-infected infants may present with serum 
ferritin > 600 ng/dL, which is a by-product of IL-8 activation in viral 
infections.93 It has been noted earlier as a predictor of the severity 
of dengue fever.94 Compared to plasma, CSF samples frequently 
contain different or defective viral mutants with insertions/

deletions and stop codons in nonstructural genes. Defective viral 
particles can trigger an atypical immune response that may cause 
placental or blood–brain barrier damage, followed by vertical or 
brain transmission.95

Murine models of CHIKV infection show increased expression 
of genes presumably involved in neuronal injury, mitochondrial 
and neuronal dysfunction, and apoptosis.96 Even though 
only a minority of infected patients develop neuroinvasive 
disease, immune imbalance may play an important role in 
neurodegeneration. Because in addition to the CHIKV infection 
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itself, some immuno mediators such as TNF and IL-6 are known 
to cause neuronal death.96 

The CHIKV encephalopathy is associated with neurotropism 
as evidenced by white matter (WM) and corpus callosum atrophy, 
microglial activation and demyelination, neuronal loss due 
to WM damage and leading to microcephaly, cerebral palsy, 
or neurocognitive dysfunction, which is similar to neonatal 
encephalitis caused by enterovirus or parechovirus infections.97,98 
These encephalopathic changes involve damage to the highly 
vascular choroid plexuses, leptomeninges, and the ependyma,92,99 
and are followed by the dissemination of the virus in monocytes.100 
This is seen as WM hyperintensities on T1-weighted magnetic 
resonance imaging (MRI), consistent with microglial activation 
leading to demyelination.47 On MRI, the most distinctive lesion of 
CHIKV neonatal encephalopathy is reversible diffusion restriction of 
WM associated with transient ischemia with cytotoxic edema.101 In 
an animal model, viral infection is mainly detected at the meningeal 
and ependymal levels rather than in the brain parenchyma.92 The 
CHIKV affects stem cell production by ependymal cells, neuron 
migration,102 and myelin sheath production.13,103,104 Demyelination 
is the hallmark of CHIKV neonatal encephalopathy, which is caused 
by autoreactive CD8+ T lymphocytes to clear infected cells.105,106 
CD8+ T cells are frequently seen in the CSF of cynomolgus macaques, 
the only nonhuman primate model challenged by CHIKV.107 

cl i n i c A l Pr e s e n tAt i o n s 
For infants presenting during the neonatal period, the median 
age of presentation is 9.5 (range: 3–15) days, whereas for babies 
presenting after the neonatal period, the median age is between 
1 and 3 months.47,108 In the Réunion outbreak, neonates presented 
earlier, within 3–7 days after delivery with fever, poor feeding, rash, 
and peripheral edema with 89% having thrombocytopenia.55 Some 
infants present with meningoencephalitis, cerebral edema, and 
intracranial hemorrhage or myocardial disease.54

Vertically transmitted CHIKV infections in neonates typically 
present during the first week of life but not at the time of birth and 
present with fever, polyarthralgias, limb edema, irritability, poor 
feeding, and rash. Twenty-five percent show skin manifestations 
such as maculopapular rashes (Fig. 2), freckle-like pigmentation 
in the centrofacial area, and vesiculobullous lesions. Acute 

inflammatory lesions typically last 5–7 days and are often followed 
by hyperpigmentation due to a postinflammatory response or 
CHIKV-induced intraepidermal melanin retention.109 The pigmentary 
changes are seen most frequently in the axilla, perioral, and genital 
areas. Some infants show tenderness and edema of the hands and feet. 
Arthritis is seen very rarely.108 There may be mucosal changes such 
as nasal blotchy erythema and multiple aphthous-like ulcerations. 
Some infants may show purpuric or hemorrhagic vasculitic lesions, 
toxic epidermal necrolysis-like rash, or nail changes like black lunulae, 
longitudinal melanonychia, and transverse pigmented bands.109–111

Severely afflicted infants may have sepsis-like syndrome with 
multiorgan dysfunction, meningoencephalitis, recurrent apnea, 
shock, and/or disseminated intravascular coagulation. Unlike 
dengue, hemorrhagic manifestations and shock are infrequent in 
CHIKV infections.112 

One systemic review47 showed that the pooled combined 
disease impact on the fetus and newborn was 17%. The overall risk 
of symptomatic disease in neonates born to mothers with active 
infection was 15.5%. The risk was higher, nearing 50%, among 
intrapartum maternal infections. The pooled risk of long-term 
neurodevelopmental delays in infants with symptomatic neonatal 
infections neared 50%. The mean interval between the onset 
of maternal illness and the onset of neonatal illness was 5 days 
(range: 3–9). The most frequent clinical signs in neonates were 
fever (79%), pain (100%), rash (82%), and peripheral edema (58%). 
Thrombocytopenia (76%), lymphopenia (47%), altered coagulation 
(65%), and elevation of aspartate aminotransferase (77%) were 
detected with some neonates developing complications such 
as seizures, hemorrhage, and hemodynamic disorders. Reverse 
transcription-polymerase chain reaction (RT-PCR) in CSF was positive 
in 22 of 24 cases. The brain MRI showed WM lesions, intraparenchymal 
hemorrhages, or both. Echocardiography showed myocardial 
hypertrophy, ventricular dysfunction, pericarditis, and coronary 
artery dilatation. One neonate died of necrotizing enterocolitis.47

In neonates, the incidence of symptomatic infections varies 
by region, although most have no or relatively mild symptoms. In 
contrast to adults with CHIKV infections, infants have a fever lasting 
only for 24–48 hours, and this is followed by the appearance of the 
maculopapular rash. Some may develop vesicles and bullae by the 
fourth day along with acrocyanosis without any hemodynamic 
alteration.

Figs 2A and B: Clinical manifestations in two neonates with congenital chikungunya. (A) Images from one infant show prominent pigmentary 
changes comprising the “CHIK sign” of congenital chikungunya infection on the central part of the face. (B) The pigmentary changes in a second 
infant extended to the chest
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One report described 12% of those infected vertically as 
symptomatic.113 Joint involvement can be seen in a few cases.114 
One case of neonatal CHIKV infection has been reported from India 
with a fixed flexion deformity of the right thumb on follow-up at 6 
months, suggestive of tenosynovitis manifesting as a sequela of 
arthritis.115 In another report, the authors have described painful 
arthralgia in 78–100% neonates, associated with distal joint edema 
and persistent prostration.55 In highly endemic zones, neonates can 
acquire CHIKV after birth, coincidental with other family members.116 
There is a reported case of congenital CHIKV infection who had 
hyperpigmented macules and extensive dystrophic calcifications 
at birth, suggestive of in utero skin affliction.117 These skin lesions 
resolved without any sequelae with supportive therapy (Table 2).118 

The severe neonatal disease is frequently associated with 
thrombocytopenia, where low platelet counts were seen in the 
more severe neonatal diseases.119 Another report has described 
a newborn who was infected postnatally, confirmed by positive 
immunoglobulin (Ig)M in the neonate and a negative IgM serology 
on the mother.120 A few infants with high viral concentrations 
developed severe manifestations such as meningoencephalitis and 
disseminated intravascular coagulation.56,121,122 

In the CHIMERE cohort study of CHIldren Exposed to Perinatal 
MothEr-to-Child Chikungunya Virus Infections on the REunion 
Island,54 33 children with maternal–fetal transmission of CHIKV at 
birth and 135 uninfected controls during the Reunion outbreak 
were evaluated. Neurodevelopmental follow-up at 2 years showed 
that 51% of infected children had a global neurodevelopmental 
delay compared to 15% of controls. These findings suggested that 
there might be a causal relationship between perinatal CHIKV 
infection and neurocognitive outcomes. Both the encephalopathic 
and nonencephalopathic forms of CHIKV infections have been 
associated with early cytotoxic and late vasogenic cerebral edema 
along with the presence of viral genome in CSF.55,123 Pregnant 
women who acquired CHIKV long before delivery delivered healthy 
neonates.55,58,124,125 In 12 cases of CHIKV neonatal encephalopathy, 
5 have been identified as having microcephaly and 4 matched 
the definition of cerebral palsy. The MRI scans showed severe 
restrictions of WM areas, predominant in the frontal lobes in these 
children.54

Eighteen months after the Reunion outbreak of CHIKV 
infections, a retrospective cohort TELECHIK survey was performed 
on a random representative sample of the SEROCHIK population-
based sero survey.126 The TELECHIK cohort study revealed that 10% 
of CHIKV patients had light cerebral disorders (headache, sleep, 
memory, and depression) on 18-month follow-up.126 Preterms 

were at risk of severe neurologic damage,92 as exemplified by brain 
swelling and WM injury on MRI.55,123 Coordination and language 
skills were frequently affected followed by movement/posture 
and sociability. The CHIKV neonatal encephalopathy shows low 
N-acetyl aspartate peaks on magnetic resonance spectroscopy, 
indicating WM hypometabolism, especially in the frontal lobes, 
thereby affecting coordination and language centers.127

Case definitions used in perinatal chikungunya are summarized 
in Table 3.

lA b o r Ato ry di Ag n o s i s
The diagnosis of CHIKV is done by detection of chikungunya viral 
RNA via real-time RT-PCR or IgM- and IgG-specific serology.128 

Reverse-transcription Polymerase Chain Reaction 
The RT-PCR is usually positive during the viremic phase, which 
continues till 1 week after the onset of symptoms.129 For individuals 
presenting 1–7 days following the onset of symptoms, a positive 
CHIKV RT-PCR is diagnostic of infection.129 The RT-PCR has 100% 
sensitivity and 98% specificity.40,50

Serology 
Serologic testing is done by enzyme-linked immunosorbent assay 
(ELISA) or indirect fluorescent antibody for those presenting ≥8 days 
following the onset of symptoms. Immunoglobulin M anti-CHIKV 
antibodies (detected by direct ELISA) are detected on the fifth day 
(range: 1–12 days) after disease onset and persist for several weeks 
to 3 months, whereas specific IgG antibodies begin to appear on the 
15th day and persist for years.4,130 A plaque-reduction neutralization 
test can help to quantitate virus-specific neutralizing antibodies 
and to discriminate between cross-reacting antibodies such as 
those reactive with the Mayaro and o’nyong’nyong viruses.131 
The absence of positive CHIKV serology at birth does not exclude 
neonatal CHIKV infection because the development of CHIKV IgG 
and IgM antibodies in infected infants can be delayed in the first 3–4 
weeks of life.132 Hence, serial serologic monitoring may be helpful 
in the follow-up of these infants.133 Transplacentally transferred 
CHIKV-IgG antibodies disappear by around 8 months of age in 
uninfected neonates.132,134,135 The time to neonatal seroconversion 
is inversely related to the time of maternal infection as evidenced 
by IgG positivity of approximately 75%, 30%, and <1% for maternal 
infection in the first, second, and third trimesters, respectively.132 
Uninfected neonates may achieve full seroconversion (IgG-negative 
status) by 24 months.132 Infants who are vertically infected with 
CHIKV may be seronegative at birth but specific IgM and IgG 
antibodies may appear by 3–4 weeks later.132

Viral Culture 
The CHIKV isolation has a high specificity and high sensitivity 
in early infection but reduces after day 5 of onset of illness. It is 
expensive and labor intensive, hence usually done for research 
purposes.50,129,136 Virus isolation takes around 7–10 days.137 
However, it can help identify the viral strain which is of value in 
the assessment of risk and for collecting epidemiological data.10 
Immunohistochemical staining can detect specific viral antigens 
in fixed tissue.138

Laboratory Evaluation 
The CHIKV-exposed neonates are not symptomatic at birth but 
become ill before day 7, thereby making observational care in 
the postnatal ward mandatory at least for a week with serial 

Table 2: Pigmentary changes noted in chikungunya infection117

Generalized hyperpigmentation.

Striking pigmentation on the nose is called “brownie nose” or the 
“Chik” sign of CHIKV disease.

Macular type.

Freckle-like pigmented macules that tend to coalesce with each 
other
Pinpoint confetti-like macules.

Irregular flagellate or whiplash pattern of brownish pigmentation 
seen over trunk and extremities.

Periorbital hypermelanosis.

Addisonian-type palmar pigmentation
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measurements of white blood cell and platelet counts, with urgent 
transfer to the neonatal intensive care units upon the appearance 
of symptoms, lymphopenia, or thrombocytopenia.55 Laboratory 
investigations to be done are complete blood count, metabolic 
parameters (blood sugar, calcium, sodium, and potassium), 
liver function tests, sepsis screen, cultures, and CSF analysis.139 
Thrombocytopenia, leukopenia or leukocytosis, hypoalbuminemia, 
and transaminitis with direct hyperbilirubinemia and altered 
coagulation are seen in symptomatic infants.47 Lymphocytopenia 
has been noted in nearly 70% of neonates with CHIKV infection.55,70 
Thrombocytopenia has been seen in 89% of infected neonates and 
is a marker of disease severity. Steroids and intravenous Igs have 
been tried to reduce the risk of bleeding complications but the 
benefits remain unproven.140,141 In Salvador-Brazil, sera and urine 
samples have tested positive on RT-PCR for CHIKV during the first 
postnatal week in neonates and their mothers.142

Neurological Evaluation 
The infant may require the ultrasound of the skull or MRI of the 
brain, CSF analysis, RT-PCR of CSF, and basic metabolic workup 
(blood sugar, calcium, magnesium, and sodium) to rule out other 
causes of encephalopathy.143,144 In cases with signs of meningeal 
involvement, lymphocytic pleocytosis with normal CSF glucose 
and proteins is seen.95

Histopathology of Placenta 
The CHIKV RNA and antigens can be detected in the placental tissue 
seen as histopathological (deciduitis, fibrin deposition, edema, 
fetal vessel thickening, and chorioamnionitis) and ultrastructural 
alterations (cytotrophoblast with mitochondrial swelling 
and dilated cisterns in the endoplasmic reticulum, vesicles in 
syncytiotrophoblasts, and thickening of the basement membrane 
of the endothelium).145,146

Table 3 presents the case definitions of neonatal chikungunya.

Differential Diagnosis of CHIKV Infection
Dengue and CHIKV have similar clinical manifestations and 
geographic distribution.147 The CHIKV is more likely to cause high 
fever, severe arthralgia, arthritis, rash, and lymphopenia, while 
neutropenia, thrombocytopenia, hemorrhage, shock, and death 
are commoner in dengue.148 Chikungunya virus manifests with 
higher fevers and more intense joint pain than Zika.

The CHIKV outbreaks have occurred concurrently with 
outbreaks of dengue, Zika virus,149,150 and yellow fever.150 
Coinfection with CHIKV and other pathogens has been reported, 
namely, CHIKV, dengue, and Zika;49 CHIKV and dengue;151 and 
CHIKV and Zika,152 and CHIKV and yellow fever.153 Neonatal CHIKV 
infections can mimic meningoencephalitis, bacterial sepsis, or 
metabolic encephalopathy.154 

tr e At m e n t
There is no antiviral treatment available for CHKV infections155–157 
and, therefore, primary treatment is supportive care by 
maintaining adequate intravascular volume (Flowchart 3). Oral 
rehydration by breastfeeds or formula feeding should be done. 
Acetaminophen (maximum 60 mg/kg/day) can be used for the 
management of fever. In a patient who could have a dengue virus 
infection, aspirin, and other non-steroidal anti-inflammatory 
drugs (NSAIDs) should not be used until dengue has been 
excluded in view of the bleeding complications associated with 
dengue and the potential risk of Reye’s syndrome in children. 
Coinfection with dengue and CHIKV can occur. So, dengue 
infection needs to be excluded even if the diagnosis of CHIKV 
infection is confirmed. 

Infants with CHKV infections should be monitored closely 
for vital signs, input–output, oxygen saturation, and sensorium. 
Administration of intravenous fluid is required in babies with 
established intravascular volume loss. Blood transfusion is 

Table 3: Definitions used in perinatal CHIKV

Neonatal CHIKV infection Defined as RT-PCR detection of the viral genome in the neonate’s serum and/or CSF during the first 
week of life and/or detection of serum anti-CHIKV IgM.123 

Maternal CHIKV infection Defined by RT-PCR detection of the viral genome in maternal serum and/or the presence of serum 
anti-CHIKV IgM.123 

Prepartum maternal CHIKV infection Maternal symptoms lasting between day 7 and day 3 before delivery and diagnosed by RT-PCR 
(or IgM seroconversion when RT-PCR not available).55 

Intrapartum maternal CHIKV 
infection

Maternal symptoms between preceding 2 to subsequent 2 days after delivery and with positive 
RT-PCR (or IgM seroconversion when RT-PCR not available).55

CHIKV perinatal mother-to-infant 
infection (p-CHIKV infection) or 
exposed-infected (EI)

Diagnosed if infants of mothers infected during pregnancy have a positive RT-PCR result and/or 
presence of CHIKV-specific MAC-ELISA IgM antibodies before day 10 (or day 15 in the CSF).56 

Exposed-uninfected (EU) Neonates exposed to maternal CHIKV infection and testing negative for RT-PCR and CHIKV-specific 
IgM antibodies at birth, for whom CHIKV-specific IgG seroreversed during follow-up.54 

Severe CHIKV infection Presence of convulsions, coma requiring mechanical ventilation, or abnormal MRI scans indicative of 
cytotoxic or vasogenic cerebral edema during the acute phase of the disease.55,56 

Mild, multisystem illness CHIKV-infected neonates who have difficulty in feeding, tachypnea, and vomiting/diarrhea.56 

Nonencephalopathic, moderate-to-
severe multisystem illness

Moderate severity of illness. May need ventilatory support. There may be some alterations in the 
laboratory evaluation of liver and renal function. No encephalopathy.56 

Encephalopathy Newborns show encephalopathy-related neurologic signs during the acute phase of the disease, 
such as convulsions, altered sensorium, and abnormal MRI scans indicative of cytotoxic/vasogenic 
cerebral edema.212
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warranted in patients with significant bleeding or low hematocrit 
and inadequate response to fluid resuscitation. There is no role 
for corticosteroids, intravenous Igs, or antivirals in the treatment 
of CHIKV.24 

Pregnancy and Breastfeeding 
Pregnant women should avoid travel to Aedes spp. endemic 
regions.158 Post-travel laboratory testing should be reserved for 
symptomatic patients.158 Whether CHIKV is secreted in human milk is 
uncertain, although CHIKV RNA has been detected in human milk.45 
Transmission by breastfeeding has not been reported and, therefore, 
breastfeeding should be continued even in areas with the circulation 
of the CHIKV.159 Breast milk also contains antiviral antibodies 
that may provide protection.160 Asymptomatic neonates may be 
discharged after a week; while in symptomatic cases, discharge can 
be considered when afebrile for 24–48 hours, hemodynamically 
stable, with good urine output and accepting feeds well.120

ou tco m e s
The case fatality rate in congenital CHIKV infection may vary between 
0.8 and 37.5%.58,59,123,161 Maternal–fetal transmission of CHIKV may 
result in severe neonatal complications. Among three symptomatic 
neonates with serologically confirmed, vertically transmitted CHIKV 
infection in Curaçao, two developed neurological complications, 
including convulsions and intracranial bleeding, while one newborn, 
in whom maternal infection occurred 7 weeks before delivery, had 
a fatal outcome after birth.89 Exposed/infected children can have 
poor neurocognitive outcomes and must be monitored throughout 
childhood and early intervention therapy should be provided 
wherever feasible for “CHIKV-driven disability”.126,157,161,162 Long-term 
sequelae have been described including neurologic sequelae at 6 
months of follow-up56 or 2 years after CHIKV encephalitis.159 CHIKV-
infected pregnant women and neonates should be followed-up 
for sequelae such as chronic inflammatory rheumatism, which may 
persist for up to 6 years.157,161 Children infected with CHIKV later 
during the first 2 years of life as determined by ELISA for antigens and/
or specific antibody tests have 2-year neurodevelopmental outcomes 
similar to children who were not infected.57,163–168

Pr e v e n t i o n
Approaches for the prevention of dengue virus (DENV) infection in 
endemic areas may include mosquito control, personal protective 
measures, and vaccination. Prevention of chikungunya virus 
infection consists of minimizing mosquito exposure through 
personal protection and environmental control measures.169 

Vaccine Development 
There are no licensed vaccines for CHIKV, but 15 candidate vaccines 
are currently under preclinical and clinical development.113,170–175 
In an randomised controlled trial (RCT), a live-attenuated, measles-
vectored vaccine expressing CHIKV structural proteins (MV-CHIK) 
induced neutralizing antibodies against CHIKV after one to two 
immunizations.175 Seroconversion rates varied between 50 and 
93% after one and 86 and 100% after 2 doses. Immune responses 
lasted till 6 months of these doses, and the vaccine was safe and 
well-tolerated. Further studies are required for vaccine efficacy and 
cross-protection against multiple CHIKV strains.

Phase 2 RCTs of a CHIK virus-like particle (VLP) vaccine have 
revealed a 4-fold rise from baseline neutralization titers in 88% of 
recipients after an intramuscular dose.176 The immune response 
lasts 72 weeks after vaccination, and the vaccine is safe and well-
tolerated. Phase 3 trials are required. A messenger RNA (mRNA)-
based vaccine (VLA-181388) is still in phase 1 clinical trials.177,178

Fu t u r e di r e c t i o n s
Further efforts are needed to develop specific antiviral agents and 
vaccines for the management of chikungunya infections.179 There 
is also a need for planned urbanization with efforts for mosquito 
control.180 Public health agencies and clinicians should be aware of 
the existence of maternal–fetal transmission of chikungunya and 
be prepared to diagnose and treat these neonatal infections.47,169

Recent efforts to control mosquito populations through 
genetic strategies appear promising.181,182 Several genetics-based 
approaches focused on male sterilization are being tried.183–186 
Recombinant DNA methods provide a step change in our ability 
to design and build specific genetic systems.187,188 Several Aedes 

Flowchart 3: Management of perinatal chikungunya infection
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species have now been transformed, either by recombinant DNA 
methods using transposon vectors or by artificial infections with 
various Wolbachia, a diverse group of intracellular bacteria.189,190 
These techniques may help control chikungunya and other vector-
borne diseases.
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