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Mother—to Child Transmission of Chlkungunya
‘ VII‘US Infectlon
Duksha Ramful, MD,.* Magali Carbonnier, llafD, 7 Marlene Pasquet, MD, * Brahim Bouhmani, MD,t

ttali, MD, *

Sylvain Samperiz, MD,* Alain Fourmaintraux, MD, T and Jean-Luc Alessandri, MD*

Background: In 20052006 Reunion Island experienced a massive
outbreak of chikungunya, a mosquito-borne alphavirus infection.
During this epidemic, early neonatal cases were observed with a
highly probable mother-to-child transmission.

Methods: A retrospective descriptive study was conducted in 5
neonatal medicine departments. Chilungunya virus infection was
confirmed by reverse transcription-polymerase chain reaction or
specific serology in mothers and their newbomns. Mothers were
screened if they presented -signs at delivery or if their neonates
became;ﬂontheﬁrstdaysofhfe -
Results: Thirty-eight neonates were enrolled. ANl mothers, except 2
asymptomatic mothers, presented signs during the perinatal period
(range, day(D) —4 to D+1). All necnates were symptomatic and
presented symptoms on D3 to D7 (mean, D4). The mean interval
between onset of maternal illness and 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%), iymphopenia {47%), decreased
prothrombin value (65%), and elevation of aspartate aminotransfer-
ase (77%) were detected. Complications included seizures (6),
bemormhagic syndrome (6), and hemodynamic disorders {10). Re-
verse transeription-polymerase chain reaction in cerebrospinal fluid
was posifive in 22 of 24 cases, and abnormal findings on brain
magnetic resonance imaging {14 of 25) with white matter lesions or

_ intraparenchymal hemorrhages or both were found. Echocardiogra-

phy (16) showed myocardial hypertrophy (5), ventricular dysfunc-
tion (2), pericarditis (2), and coronary artery dilatation {§). One
aeonate died of necrotizing enterocolitis.

Conclusions: The chilkimgunya epidemic that occurred on La Re-
union Island revealed for the first time the possibility of mother-to-
child transmission in the perinatal period with a high rate of
morbidity.
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e islands of the southwest Indian ocean, including La
Reunion Island (east of Madagascar), have been exposed
since 2005 to an epidemic of chikungunya, an arbovirus
infection transmitted by a mosqguito of the 4edes genus
(A edes albapzctus in La Reunion Island).! The clnkungunya
virus (CHIKV) is an alphavirus of the Togaviridae family,?

isolated for the first time in Tanzania and Uganda in 19534

It has developed according to an endemic or epidemic mode
in sub-Saharan Africa, Southern India, Southeast Asia, and in
the Pacific.>® CHIKV is a single-chain linear RNA vm1s
with a diameter of 60-70 nm, enclosed by an envclope

Clinical signs and symptoms of chikungunya in adults
and children are preceded by an incubation period of 4-7
days. CHIKV infection usually presents with sudden onset of
high fever and disabling joint and muscle pain (chikungunya
is 2 Swahili word meaning “that which bends up,” referring to
the stooped walk of patients), ofien associated with a macu-
lopapular rash ahd gastrointestinal complaints.*!® A hemor-
rhagic syndrome, gcncrally minor, has also been dcscnbed
consisting of petechial purpura, cplstaxxs or bleeding gums."
The natural history of the disease is usually favorable with
complete resolution within 1 week. Chronic forms are possi-
ble with persistence or recurrence of arthralgia for several
months. Complications reported in adults and children are
ncm-ologinc (meningoencephalitis, polyneuropathy), hernor-
thagic,""'7 and cardiac {pericarditis, myocarditis, cardiac
arrhythmms).‘s"z' No case of mother-to-child transmission
was described before the La Reunion Island epidemic. The
youngest child infected by CHIKV reported in the literature
before this epidemic was a 21-day-old infant."

The laboratory diagnosis of CHIKV infection is based on
2 types of tests: detection of viral RNA by reverse franscription-
polymerase chain reaction (RT-PCR) and IgM- and IgG-specific
serology. RT-PCR is positive during the viremic phase lasting
for 1 week after onset of symptoms. Specific IgM antibodies are
detected by the fifth day after onset of the disease and persist for
several weeks to 3 months, whereas specific IgG appear on the
15th day and persist for years.!

The first case of chikungunya in La Reunion Tsland was
reported in March 2005.. The epidemic was surprising in
terms of its magnitude and the development of clinical forms
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that had rarely or never been previously described. The :

epidemic peak was reached between Janvary 2006 and Feb-
ruary 2006 with 46,000 cases per week during this period.® At
the end of April 2006, the estimated cumulative srumber of
cases was 256,000, ie, 33% of the La Reunion Island popu-
lation. We report a series of 38 neonates with CHIKV
infection during the first week of life after perinatal mother-

to-child transmission of the virus, Some e Gases have already -

been reported in a previous publication.”

PATIENTS AND METHODS
This is a retrospective descriptive study conducted by 5
neonatal medicine departments in public or private hospitals
complying with European standards with air-conditioned
mosquito-free maternity units. Thirty-eight neonates bom
between March 2005 and Aprl 2006 were included in this

study. Charts were reviewed by 2 investigators.
Definition. The diagnosis of neonatal CHIKV infection was

based on RT-PCR detection of the viral genome in the.

necnate’s serum or cerebrospinal fiuid (CSF} or both during
the first week of life andfor detection of serum anti-CHIKV
IgM during the first 15 days of iife. The diagnosis of maternal
CHIKYV infection was based on RT-PCR detection of the viral
genome in serum or the presence of serum anti-CHIKV IgM
or both. Mothers were screened if they presented signs of
chikungunya at delivery or if their neonates became ill on the
first days of life. Mother-to-child transmission of CHIKV
infection was diagnosed when CHIKV infection was diag-
nosed in the mother during the perinatal period and when
CHIKYV infection was diagnosed in her newborn infant during
the days after birth, according to the criteria defined above.
Laboratory Methods. Detection of serum ant-CHIKV IgM
was performed by an immunocapture method (Mac-ELISA)
according to the techniques and reagents of the Centre Na-
tional de Référence des Arboviruses {Natienal Reference
Centre) in Lyon and the Centre National de Référence of the
Institut de Médecine Tropicale du Service de Santé des
Armées (Armed Forces Institute of Tropical Medicine) in
Marseille: capture of IgM by a serum antihuman IgM
(1-2386; Sigma, St. Louis, MO), successive addition of
CHIKYV antigen prepared in cell culture, followed by hyper-
immune murine ascites, and revelation of the antibody by
peroxidase-marked antimouse conjugate (Sigma, A-G168).
RT-PCR detection of the viral genome was performed
after extraction in 200 pl of sample cither manually using
Viral QIAAmp Minikit (Qiagen, Courtaboeuf, France) or on
the MagNa Pur automat (Roche Diagnosfic) using the High
Pure Viral RNA kit (Roche Diagnostic), RT-PCR. was per-
formed with the SuperScript One-Step RT-PCR with Pla-
tinium Taq kit according to the method of Pastorino et al.>®
Maternal Data and Outcome of Pregnancies. The following
data were recorded: date of onset of symptoms of CHIKV in
relation to delivery, fetal heart rafe abnommalities, mode of
delivery, and birth fer.
Neonatal Clinical Data and Complementary Investigations.
The following clinical data were analyzed: birth weight, sex,

age of onset of signs of illness, type of signs, any complica-

tions, and shori-term course. Pain was assessed using the

812

EDIN (Echelle Douleur Inconfort Nouveau-N¢, neonatal pain

and discomfort scale). The following weatments were re-
corded: analgesia, red blood cell or platelet transfusions, and
fresh frozen plasma. Laboratory data recorded, whenever
possible, were complete blood count and platelets, serum

" caleium, hepatic and cardiac enzymes, hemostasis, C-reactive

protein, and CSF analysis. Results of the following comple-
mentary investigations were analyzed: head ulfrasound and
brain magnetic resonance imaging (MRI). The MRI protocol
comprised T1, T2, and diffusion sequences. In one of the
centers, a cardiologic assessment was systematically per-
formed in 16 neonates, comprising laboratery work-up [as-
partate aminotransferase, creatine protein kinase, creatine
kinase myocardial fraction, and troponin Ic], electrocardio-
gram, and transthoracic echocardiography.

RESULTYS
Diagnosis of CHIKV nfection for Mother-Child Pairs. Th.irty
eight neonates presented documented mother-to-child trans
mission of CHIKV infection. The diagnosis of maternag
infection was confirmed by RT-PCR detection of CHIKV (21
of the 26 mothers tested) or by the presence of specific
anti-CHIKV IgM (21 of the 24 mothers tested) or both. The
diagnosis of neopatal infection was confirmed by RT-PCR
(24 of the 24 neonates tested) or by the presence of specific
IgM (26 of the 30 necnates tested) or both.
Maternal History. Thirty-six mothers of CHIKV-infected
infants presented signs of chikungunya during the perinatal
period, and onset of illness ranged from 4 days prepartum to
the day after delivery (mean, —0.7 days in relation to deliv-
ery). Eighteen mothers (50%) developed clinical signs on the
day of delivery. Two mothers (5%) had an asymptomatic
form of the disease.
Neonatal Clinical Features. Clinical data are summanzed n
Table 1. Twenty-six, (68%) neonates were delivered vaginally
and cesarean section was performed in 12 cases (32%). Fetal
heart rate abnormality was observed in 17 cases (45%). There

—

\_/

Clinical and Laboratory Data for the 38

TARBLE 1.
Neonates Studied
Obsearvation N (%)
Clini¢al
EDIN score >3 38 (100}
Fever 30 (79)
Rash 21(82)
Edema 22 (58)
Diarrhea 12132)
Seiznres 5116}
Hemorrhagic syndrome 6 (16}
Hemodynamic disorders 10 (26)
Death 1(3)
Lakoratory ” .

Thrombocytopenia {<150 X 19°/1) 29 (76)
Thrombocytopenia (<50 X 10%1) 12 (32)
Lymphopenia (<1 X 10%/L) 18(47)
Hypocaleemia (<1.9 mmol/L), n = 27 519
Prothrombin level <50%, n = 26 17 IGE)
ASAT >50 UL, n =30 230773

EDIN indicates Echelle Douleur Inconfort Nouveau-N&, neonatal pain and discomiort
scale.

© 2007 Lippincoir Williams & iilkins
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were 22 boys and 16 girls. Mean gestational age was ;8;'

weeks (range, 35-41) and mean birth weight was 3000 g
(range, 1900--4010). In all infants, the fixst symptoms ap-
peared between the third day of life (D3) and D7 (mean, D4).
The mean interval between onset of maternal clinical signs
and onset of neonatal clinical signs was 5 days (range, 3-9).
Mean duration of fever was 2 days (n = 30, range, I-8) and
pain lasted for an average of 8 days {range, 2-22). Thirty-one
infants developed a rash with a fairly characteristic course:
initial erythroderma followed by desquamation of the extrern-
ities and, subsequently, a brownish dyschromia of the limbs
and sometimes the face. Severe peripheral edema. was ob-
served in 22 cases. Most infants (n = 33) presented feeding
problems requiring temporary tube feeding and 12 had diar-
rhea. Hemorrhagic manifestations observed were 3 gastroin-
testinal hemorrhages (with 1 case of necrotizing enterocoli-
tis), 2 important intracerebral hemorrhages, and 1 cage of
hemorrhagic conjunctivitis. Newrologic features consisted of
- hypotoniz (o = 17), coma, brief seizures, or status epilepticus
—.(nn = 6) during the first days of the disease. Ten neonates
presented initial hemodynamic disorders.
Laboratory Tests and Complementary Investigations in
Neonates. Laboratory data are summarized in Table-1. The
laboratory abnormalities most frequently observed were
thrombocytopenia, lymphopenia, decreased prothrombin con-
centration, and elevation of aspartate aminotransferase, CSF
analysis was performed in 24 infants and biochemical and
cytologic analysis were normal in 12 nonhemorthagic cases.
RT-PCR detection of CHIKV in CSF was positive in 22 of
the 24 cases tested, including in nophemorrhagic CSF. Head
ultrasound performed in 26 neonates was pathologic in 13
cases. Precise data were aveilable for only 7 neonates. In 5
neonates, head ultrasound demonstrated lenticulothalamos-
triatal vasculitis either isolated or associated with frontal or
parietal periventricular hyperechogenicity (n = 4), or cere-
bral edema with reduction of the vascular resistance index
(n = 1). MRI was performed in 25 peonates during the acute
phase of the disease with abnormal findings in 14 infants.
Scattered white matter lesions were found in 11 cases, in-
cluding the corpus callosum in 5 cases. These lesions pre-
sented a high-intensity signal on T2-weighted sequences with
_eduction of the apparent diffusion coefficient (ADC) on
diffusion sequences. MRI was repeated after 1 month in 8 of

these 11 cases, demonstrating signal inversion on the diffu-
sion sequence with increased ADC. Areas of infraparenchy-
mal hemorrhage within these scattered white matter lesions
were observed in 6 cases and bilateral petechial lesions were
found in 4 cases. No gray matter lesions were cbserved. All
neonates presenting convulsions had abnormal imaging,

In the group of infants undergoing systematic cardio-
vaseular investigations {(n = 16), 6 had abnormalities (Table

2). Coronary artery dilatation corresponded to unilateral or

bilateral hyperechoic coronary atteries with thickened walls
without aneurysmal features.

Treatment. Treatment of CHIKV-infected nconates was
symptomatic. All infected neonates were admitted to-a neo-
natal care unit or neomnatal intensive care unit. The mean
hospital stay was 16 days (range, 3~47). Level 1 analgesics

(paracetamol) were prescribed in 12 cases, wheteas the other

26 infants required level 2 (nalbuphine) or level 3 (morphine)
analgesics. Mechanical ventilation was necessary in 9 infants
(24%) with serious neurologic manifestations (status epilep-
ticus) or multorgan failure. Platelet (n = 9) and/or fresh
frozen plasma (n = 7) transfusions were performed in nee-
nates with hemorthagic complications. Neonates with hemo-
dynamic disorders required volume expansion (n = 5) and/or
vasopressor amines (n = 4}. Two neonates received red blood
cell transfusion, One neonate died on D6 because of necro-

© tizing enterocolitis with gasfrointestinal hernorrhage and

Klebsiella preumoniae septicemia

DISCUSSION

Perinatal Mother-to-Child Transmission of the CHIKV. Our
series demonstrates cases of mother-to-child fransmission of
CHIKYV infection that has never been described during pre-
vious epidemics. Mother-to-child transmission of CHIKV is
highly probable for the following reasons: (1) all infected
neonates were bormn to mothers with documented chikungu-
nya during the perinatal period; (2) the interval between the
onset of maternal and neonatal symptoms was compatible
with the CHIKV incubation period; (3) no cases of such early
neonatal infection were observed during the La Reunion
Island epidemic without concomitant matems! infection dur-
ing the days preceding delivery. The earliest cases of chikun-
gunya observed in neonates not bomn to an infected mother

Clinical and Complementary Cardiclogic Data for 6 Cases

TABLE 2.
Laboratory
Case Clinical $j ECG Echocardiograph; AST
ns Brapy CE CEMB Tic

1 Severe pain RD LVH, LVD, rightleft coronary artery dilatation 259 1385 148 0.13

2 Bradveardia/desaturation, severe pain =~ RD Pericarditis, LVH, right coronary artery 224 460 49 0.1
dilatation

3 Heart failure, collapse RD Pericarditis, LVH, LVD, PHT, right/lefi coronary 172 236 62 0.15
artery dilatation .

4 Severe pain, tachyeardia RD, SVT  Right coronary artery dilatation 123 306 G6 0.1

5 Severe pain, malaise RD LVH, right/left coronary artery dilatation 136 1417 T4 011

6 Heart failure, collapse RD LVH with septal dyskinesia, right/lefl corenary 161 1284 125 164

artery dilatation

RD indicates repelarization disorders: 5VT, supraventricular tachycardia; LVH, left ventricular hypertrophy; LVD, left ventricular dysfunction; PHT, pulmenary artery hypertension;
AST, aspartate amicotransferase (/LY CK, aeatine kiuase (FU/L); CKME, creatine kinase, myocardial fraction (IUVLY; Tlc, tropoain e fiaction (ng/mL1; ECG, electrocardiography.

. © 2007 Lippincott Williams & Wilkins
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occurred after D9 of life and probably corresponded to

infections transmitted by moesquito bites soon after discharge
from the maternity unit. The hypothesis of neonatal infection
acquired after birth by mosquito bite during. the first few
hours of life needs to be considered, but, in our opinion, is
extremely unlikely in European-standard air-conditioned
mosquito-free maternity units,

- Mother-to-child transmission of other alphaviruses has
been reproduced expenmentally in animals for Venezuelan
equine encephalitis virus and the Semliki Forest virus**-*
and has been described in humans for Western equine en-
cephalitis and Venezuelan equme encephalitis viruses and is
suspected for the Ross River virus 26?7 Neoratal dengue virus
infections (Flaviviridae family) with hemorrhagic complications
and deaih have been described after pennatal transrmsmon, with
a chronology resembling that of our cases.*

The exact mechanisms of mother-to-child transmission
of CHIKV have yet to be elucidated. Currently available data
support the hypothesis of mainly perinatal transmission of
CHIKV, which seems to be high, close to 50% (personal
unpublished data). In the case of maternal infection during
pregnancy, but occurring well before delivery, the risk of
vertical transmission seems to be extremely low as only 3
cases of fetal deaths at the beginning of pregnancy have been
reported during the La Reunion epidemic, and asymptomatic
newboms do not seem to be infected.*® Contamination
during passage through the genital tract is possible, but no
protective effect of cesarean section is noted in our series.
Transplacental transmission shortly before delivery is the
more likely mode of transmission via mother-to-child micro-
transfusions when the mother presenis positive viremia.
Uncomplicated Neonatal. Forms. Twenty-three neonates
(61%) presented clinical and l[aboratory features of chikun-
gunya similar to the classic formn observed in adults and the
disease resolved spontaneously in several days to 2 weeks.
However, the benign nature of classic neonatal forms is only
relative, as all CHIK V-infected neonates had to be admitied
to a neonatal care unit, because of the need for fairly intensive
symptomatic treatment. Furthermore, intrathecal presence of
the CHIKV genome and disturbances of the cardiovascular
and neurologic work-up were observed in some infants with
no obvious severe complications.

Complicated Neonatal Forms. Fifieen neonates (39%) pre-
sented complicated or serious forms of chikungunya with
hemeorrhagic, cardiac, and neurologic manifestations.

The meost serious hemorrhagic syndromes were ob-
served In neonates with severe thrombocytopenia, dissemi-
nated intravascular coagulation, and impaired liver finction.
CHIKV is not usually considered to be a classic agent of
“hemorrhagic fever,” but such an effect has been suggested
during epidemics in Southeast Asia and India."’

Varying degrees of severity of neurologic complica-
tions were described during the Indian epidemic of 1964
disorders of consciousness, seizures, meningeal syndromes,
meningoencephalitis, transient ophthalmoplema, and poly-
neuropathy.'* ™ The mechanisms of neurologic lesions have
not been fully elucidated. White matter swnal inversion on
diffusion sequences and ADC mapping on  MRI reflects the
transformation of early cytotoxic edema into vasogenic

814

edema during an interval of 1 month. No direct culture of

CHIKYV in CSF and no anatomopathologic examination were
performed, and so the diagnosis of CHIKV viral encephalitis

.was not formally confirmed. Long-term follow-up of these

infants is necessary to assess their neuromotor and sensory
development.

Acute cardiac lesxons have also been described in the
course of CHIKV infection.'®~! However, these reports
were published before the age of modern imaging, and the
respective rales of dengue virus and CHIKV were not always
clearly distinguished. The rare pediatric series of CHIKV
infection have not reported any cardiovascular complications,
apart from 1 case of collapse followed by death in a 3-year-
old child.'* Coronary dilatation during other viral mfcctmns
such as cytomegalovirus has recently been reported®’ but the
precise mechanisms of coronary dilatation during CHIKV
infection, especially the pessibility of vasculitis, have not °
been elucidated.

Chikungunya is an arbovirus infection, which, befor

the La Reunion Island -epidemic, was considered a benigny.

disease. Several reasons can be proposed to explain the
development of complicated forms of the disease, bearing in
mind that a number of serious forms have been previously
described but subsequently forgotten, The epidermic occurred
on 2 limited territory equipped with an advanced health care
and epidemiologic surveillance system allowed exhaustive
identification of serious forms. This was a large-scale epi-
demic affecting a nonimmune population. Finally, the hy-
pothesis of a genomic evolution of CHIKV resulting in
increased virulence has also been proposed.®?

CONCLUSIONS

The chikungenya epidemic that occurred on the La
Reunion Island in 2005-2006 revealed for the first time the
possibility of perinatal mother-to-child transmission of
CHIKV with a high rate of neonatal morbidity. Knowledge
about the clinical course along with rapid confirmation with
virologic tests lead to appropriate management that can limit
complications.

The absence of specific treatment justifies mdlwdu&l(
protective measures in pregnant women, particularly close to”
term: approved insect repellents, mosquito nets. The experi-
ence acquired in La Reunion Island and ongoing studies may
be useful in other latitudes, especially as the A. albopictus
mosquite, vector of chikungunya, is present in many regions
of Europe and North America. The example of recent West
Nile virus epidemics in North America demonstrates that
arbovirus infections can affect new territories in nontropical
zones. >
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