
PERINATOLOGY • Vol 16 • No. 2 • Jul–Sep 2015

69

Perinatal  
Infections

Emerging Infectious Diseases
Indu S Nair*

*Correspondence 
Dr Indu S Nair 
Senior Consultant, Pediatrics and Neonatology 
Sakra World Hospital 
Sy. No. 53/2 and 52/3 
Devarabeesanahalli, Varthur Hobli 
Outer Ring Road, Marathahalli 
Bangalore 560013, Karnataka 
India

E-mail: drindu_nair2000@yahoo.co.in

Abstract
The emerging infectious diseases namely hyaluronidase-1 neu-
raminidase-1 (H1N1) flu, dengue, and chikungunya are threats 
to the community, causing morbidity and mortality.

H1N1 flu, which caused the 2009 pandemic, is considered to 
be the predominant human seasonal influenza A (H1N1) virus 
strain spreading from person to person just like the seasonal 
flu through airborne droplet transmission. Oseltamivir is used in 
the treatment and chemoprophylaxis of influenza. There are 
2 types of influenza vaccines—the live attenuated intranasal 
quadrivalent vaccine and the inactivated influenza vaccine.

Dengue and chikungunya are viral illnesses transmitted by 
infected Aedes mosquitoes. Dengue is caused by 4 sero-
types of dengue viruses. The clinical spectrum of the disease 
ranges from mild, nonspecific acute febrile illness to classic 
dengue fever and severe, life-threatening diseases including 
dengue hemorrhagic fever and dengue shock syndrome. 
Management of dengue fever depends on timely diagnosis, 
assessment of disease phase, and management depending 
on the severity of the illness. Chikungunya is an arboviral illness 
presenting with fever, with arthralgia being a characteristic 
feature. Unlike dengue, hemorrhagic manifestations are rare 
and treatment is symptomatic and supportive. Vector control 
measures can prevent transmission of these 2 diseases.
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Introduction
Infectious diseases are a continuing threat to all 
persons, regardless of age, sex, lifestyle, ethnic back-
ground, and socioeconomic status. They cause suffering 
and death and impose a financial burden on the society. 
Although, some diseases have been conquered by 
modern advances such as antibiotics and vaccines, new 
ones are constantly emerging. This article addresses 
some emerging infections like hyaluronidase-1 
neuraminidase-1 (H1N1) flu virus infection, dengue 
virus (DENV) infection, and chikungunya virus  
infection.

Hyaluronidase-1 
Neuraminidase-1 Flu Virus
H1N1 flu (sometimes called swine flu) is a new influ-
enza virus causing illness in people. This new virus 
caused a worldwide pandemic in 2009 and in the post-
pandemic period, 2009 H1N1 virus strains are now 
considered to be the predominant human seasonal 
influenza A (H1N1) virus strain spreading from person 
to person probably in much the same way that regular 
seasonal influenza viruses spread.1

Transmission of influenza viruses is airborne, through 
large particle droplets, and requires close contact 
between infected and susceptible persons (approxi-
mately ≤ 6 ft distance).2 Indirect contact transmission 
through hand transfer of influenza virus from virus-
contaminated surfaces or objects to mucosal surfaces 
of the face (eg, nose and mouth) or airborne transmis-
sion through small-particle aerosols in the vicinity of 
the infectious person also might occur. However, the 
relative contribution of the different modes of influenza 
transmission is unclear.2-7 

The typical incubation period for influenza is 1 to 
4 days (with an average of 2 days).8 Adults can shed 
influenza virus from the day before symptoms begin 
through 5 to 10 days after onset of illness and infec-
tivity decreases about 5 to 7 days after onset of symp-
toms.9,10 Young children also shed virus several days 
before onset of illness and can be infectious for ≥ 10 
days after onset of symptoms.11 

H1N1 influenza in pregnancy
Influenza infection in pregnancy can result in still-
births, early neonatal deaths, preterm deliveries, and 
congenital anomalies in neonates.12-15 

In a cohort study of perinatal outcomes following H1N1 
infection, it was reported that neonates born to women 
after 2009 H1N1 infection had congenital anoma-
lies diagnosed at birth, representing a birth prevalence 
of 32 per 1000 total births (exact 95% CI, 14–62). A 
higher proportion of women who were infected before 
37 weeks of gestation and delivered preterms were 
infected in their third trimester compared with women 
who were infected before 37 weeks of gestation and 
delivered at term (86% vs 74%). There was no evidence 
of a difference in mean birth weight of neonates deliv-
ered by infected women and control women (P = .55), 
suggesting that the 2009 H1N1 infection had no effect 
on fetal growth.16

Pregnant women with pandemic H1N1 may present 
with typical acute respiratory illness (eg, fever/fever-
ishness, cough, sore throat, fatigue). The illness may 
progress rapidly and become further complicated by 
secondary bacterial infections including pneumonia. 
Fetal distress associated with severe maternal illness can 
occur. 

Treatment
Antiviral treatment with oseltamivir or zanamivir 
should be initiated as soon as possible after the onset 
of influenza symptoms, with greatest benefits if started 
within 12 hours of onset, or in hospitalized patients 
even if treatment is started > 48 hours after onset.17 
Treatment in the second and third trimesters of preg-
nancy is of importance as data on increased compli-
cations due to influenza appears to be primarily in 
later pregnancy. If treatment or chemoprophylaxis 
is required for pregnant women during the current 
pandemic, oseltamivir appears to be the drug of choice 
because there are data available regarding its safety in 
pregnancy. 

Dosage: Oseltamivir 75 mg po BID for 5 days; 
zanamivir 10 mg (2 inhalations) inhaled BID for 5 
days.18
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Influenza in neonates and children
Neonates can present with flu like illness while the 
most frequent symptoms observed in children are 
fever (96%), cough (95%), and coryza (90%).19 A 
review of H1N1 influenza virus infection during the 
2009 outbreak in a tertiary neonatal intensive care 
unit (NICU) reported fever and cough as the most 
common symptoms. Apnea was the initial symptom in 
3 patients; 2 patients required oxygen support; and a 
preterm required mechanical ventilation.20

Outbreaks of influenza-like illness in NICUs, due to 
transmission from healthcare workers, causing pneu-
monitis in preterms have been reported.21 This can be 
prevented by adequate infection control practices and 
immunization of healthcare workers.

Treatment
Neonates of mothers with an influenza-like illness need 
close monitoring for signs of respiratory illness and can 
be isolated by rooming-in with the mother. Neonates 
requiring admission to a nursery should be isolated and 
symptomatic neonates should be treated with antiviral 
drugs.

Oseltamivir is approved by the Food and Drug Admin-
istration (FDA) for treatment and chemoprophylaxis of 
influenza in infants older than 1 year.1 Recommended 
treatment dosages vary by the weight of the infant with 
the recommended duration of treatment being 5 days.1

Oseltamivir dosages: 
•	 30 mg BID for children weighing ≤ 15 kg 
•	 45 mg BID for children weighing > 15 kg and up 

to 23 kg 
•	 60 mg BID for children weighing > 23 kg and up 

to 40 kg 
•	 75 mg BID for children weighing > 40 kg

Dosages for chemoprophylaxis are the same for each 
weight group, but doses are administered only once per 
day for 10 days.1 

Children older than 1 year are at high risk for 
complications from influenza virus infection, but  
antiviral medications are not currently FDA-approved 
for use in children < 1 year. Centers for Disease Control 

and Prevention (CDC) recommends that clinicians 
who treat children aged 3 to 11 months administer  
3 mg/kg/dose BID for treatment and 3 mg/kg/dose 
SID for 10 days for chemoprophylaxis.1 

Infants < 3 months are recommended to receive  
3 mg/kg/dose BID for treatment. However, chemopro-
phylaxis for infants < 3 months is not recommended 
unless the exposure situation is judged to be critical, 
because of a lack of data on use of oseltamivir on this 
age group. 

World Health Organization (WHO) subsequently 
recommended that children aged < 14 days who are 
being treated for suspected or confirmed influenza 
receive 3 mg/kg/dose SID.22,23 

Very limited data from a small cohort of premature 
infants suggested that oseltamivir concentrations 
among premature infants administered 1 mg/kg BID 
would be similar to oseltamivir concentrations observed 
with the recommended treatment dose in term infants 
(3 mg/kg BID). Postexposure chemoprophylaxis is typi-
cally administered for a total of no more than 10 days 
after the most recent known exposure to a close contact 
known to have H1N1 influenza.24 

Diagnosis
Diagnostic tests available for influenza include viral 
culture, serology, rapid diagnostic (antigen) testing, 
reverse transcription polymerase chain reaction 
(RT-PCR), and immunofluorescence assays.25 More 
sensitive and specific tests include viral culture or 
RT-PCR. The types of specimens acceptable for use (ie, 
nasopharyngeal or nasal aspirates, swabs, and washes or 
throat swabs) vary by the type of test, but all perform 
best when collected as close to illness onset as possible 
(eg, ≤ 72 hours after onset).1

Vaccination
There are 2 types of influenza vaccines—live attenu-
ated intranasal quadrivalent vaccine (LAIV); and inac-
tivated influenza vaccine (IIV), which is available for 
intramuscular (IM) injection in both, trivalent (IIV3) 
and quadrivalent (IIV4) formulations.26 
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For 2014–2015, US-licensed influenza vaccines contain 
the same vaccine virus strains as those in the 2013–2014 
vaccine. IIV3 influenza vaccines contain hemagglu-
tinin (HA) derived from A/California/7/2009 (H1N1)-
like virus, A/Texas/50/2012 (H3N2)-like virus, and  
B/Massachusetts/2/2012-like (Yamagata lineage) virus. 
IIV4 influenza vaccines contain these antigens and also 
a B/Brisbane/60/2008-like (Victoria lineage) virus.26

Vaccination for pregnant women
Influenza vaccination is an essential element of precon-
ception, prenatal, and postpartum care because preg-
nant women are at an increased risk of serious illness 
due to seasonal and pandemic influenza.

CDC’s Advisory Committee on Immunization Prac-
tices (ACIP) and the American College of Obstetricians 
and Gynecologists recommend that all adults and preg-
nant women receive an annual influenza vaccine. The 
inactivated influenza vaccine can be given to pregnant 
women at any point during gestation.27 Live, attenuated 
influenza vaccine is available as an intranasal spray and 
is not recommended for pregnant women, but is safe 
for use in women in the postpartum period.28 There 
are enough data on the safety of influenza vaccination 
during pregnancy.27-31

Neonatal protection from influenza illness was noted 
among neonates born to women who were vaccinated 
in the index season.32-34 Passively acquired antibodies 
from maternal circulation by way of transplacental 
transmission is currently the best prevention strategy 
for neonates because the vaccine is not approved for 
use in infants younger than 6 months.35 Thus, maternal 
influenza immunization offers demonstrated disease 
prevention benefits for women and their neonates and is 
a critically important component of prenatal care.

Vaccination for children
Children aged 6 months through 8 years require 2 
doses of influenza vaccine (administered ≥ 4 weeks 
apart) during their first season of vaccination to opti-
mize immune response. Healthy children 2 years and 
older can receive either IIV or LAIV. LAIV is contrain-
dicated in children < 2 years; pregnant and breast-
feeding women; immunocompromised individuals on 

antiviral therapy, steroid, and aspirin.1

In determining the appropriate number of doses, 
previous receipt of vaccine containing 2009 influenza 
A (H1N1) pandemic antigen (included in monovalent 
pandemic vaccine during 2009–2010 and in seasonal 
influenza vaccine since the 2010–2011 season) should 
be considered. Using this approach, children aged 6 
months through 8 years need only 1 dose of vaccine 
for 2014–2015, if they have received any one of the 
following: 
•	 At least 1 dose of 2013–2014 seasonal influenza 

vaccine 
•	 Two or more doses of seasonal influenza vaccine 

since July 1, 2010 
•	 Two or more doses of seasonal influenza vaccine 

before July 1, 2010, and 1 or more doses of mono-
valent 2009(H1N1) vaccine 

•	 One or more doses of seasonal influenza vaccine 
before July 1, 2010, and 1 or more doses of seasonal 
influenza vaccine since July 1, 2010. 

Children in this age group for whom one of these 
conditions is not met require 2 doses for 2014–2015 
vaccine.36

Strict infection control practices like using an alcohol-
based handrub, wearing a surgical mask, and main-
taining a minimum distance of 6 ft from infected 
persons should be practiced.

Dengue
Dengue is caused by 4 related DENV, namely DENV-1, 
DENV-2, DENV-3, and DENV-4 and infection with 
one DENV is thought to provide lifelong immunity to 
that virus serotype.

Most DENV infections are asymptomatic, especially 
first infections. The clinical spectrum of the disease 
ranges from a mild, nonspecific acute febrile illness to 
classic dengue fever to severe, life-threatening disease 
including dengue hemorrhagic fever (DHF) and 
dengue shock syndrome (DSS).37 Second and subse-
quent DENV (secondary) infections have been associ-
ated with more severe disease.38 DENV transmission 
is primarily between humans through infected Aedes 
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mosquitoes. The incubation period in the human host 
is typically 1 week (range 3 to 14 days) with viremia 
occurring 1 to 2 days before symptom onset and lasting 
approximately 1 week. 

Modes of transmission
During the period of viremia, DENV can be trans-
mitted as a bloodborne infection through blood trans-
fusions and bone marrow transplants.39-41 Wagner et al 
and Nemes et al have reported the incidence of nosoco-
mial dengue through needle stick injuries.42,43 Mucocu-
taneous route of infection (intranasal and oral routes) 
has been shown possible for arboviruses.44,45 Infection 
in neonates is a result of intrapartum or vertical trans-
mission from mother to child.45-48

Dengue in pregnancy
With the emergence of dengue epidemic, more numbers 
of pregnant women are at risk of dengue infection.49 
There are increased risks of abortion, premature uterine 
contraction, intrapartum and postpartum hemorrhages, 
maternal death, fetal distress, low birth weight, or death 
of the fetus in utero, which is associated with disease 
severity and gestational age. The vertical transmission 
rate is 1.6% to 10.5% and can cause dengue infection 
in neonates (usually occurring in pregnant women who 
have had fever for 1 week before delivery).50

Maternofetal transmission
The first case of reported vertical dengue infection 
was reported in 1989 in Tahiti. Increasing number of 
cases of perinatal transmission of dengue fever is being 
reported from various countries.51,52

When a mother is infected early in pregnancy, the 
transferred maternal antibodies may initially be protec-
tive to the fetus but as their level wanes they may 
predispose the fetus to severe disease. Low birth weight 
neonates were found to have lowered levels of trans-
ferred antibodies.52 

Intrauterine transmission of dengue infection is greatest 
when a pregnant woman delivers at or near the peak of 
DENV viremia. Though secondary infection is more 
serious, if a mother gets the primary infection in late 

pregnancy both, mother and neonate will be at risk of 
life-threatening complications. When mother is acutely 
ill with dengue at or near the time of delivery, it has 
been hypothesized that there is an insufficient level of 
protective maternal antibodies (IgG) transferred to the 
fetus and serious dengue disease can manifest in the 
neonate. The duration of viremia and the febrile phase 
lasts longer in neonates experiencing primary infection 
due to more gradual antibody or cellular response.53

Neonatal presentation
Presenting features can range from fever, lethargy, poor 
feeding, enlarged liver, thrombocytopenia, bleeding 
manifestations, circulatory insufficiency. Large  
intracerebral bleed and death has been reported.54 
Sirinavin et al reported that the onset of fever in the 
a neonate varies from 1 to 11 days after birth with an 
average of 4 days and lasts 1 to 5 days.55 Biphasic fever 
was reported in a case of neonatal dengue.53 In a case 
report of perinatal transmission of dengue virus from 
Puerto Rico, of the 33 cases reported, all developed 
fever and thrombocytopenia in the first 2 weeks after 
birth.51

Neonates often do not mount a febrile response to an 
infection and can just present with nonspecific findings 
consistent with congenital dengue including hypona-
tremia, leukopenia, and thrombocytopenia, an elevated 
partial thromboplastin time, and ascites and not really 
have the classical fever and rash.51

Choudary et al, in their study, have reported dengue 
shock syndrome in 4 neonates.56 Dengue hemorrhagic 
fever and dengue shock syndrome (DHF/DSS) seen 
during neonatal period can be attributed to passively 
transferred circulating antibodies from the mother due 
to enhanced replication of the virus in the presence of 
preexisting antibody against another dengue serotype.57 

After the onset of illness, the virus can be detected in 
serum, plasma, circulating blood cells, and other tissues 
for 4 to 5 days. During the early stages of the disease, virus 
isolation, nucleic acid or antigen detection can be used to 
diagnose the infection. At the end of the acute phase of 
infection, serology is the method of choice for diagnosis. 
Table 1 shows the interpretation of dengue serology.58
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Table 1. Interpretation of Dengue Serology
Immunoglobulin M Immunoglobulin G Interpretation
Negative Negative Early sample/not dengue
Negative Positive (low titer) Past dengue infection
Negative Positive (high titer) Secondary dengue
Positive Negative Primary dengue infection
Positive Positive (low titer) Current/recent dengue 

infection
Positive Positive (high titer) Secondary dengue infection

Management of dengue

unstable vital signs (particularly narrowing of the pulse 
pressure) indicates active plasma leakage and the need 
for a further bolus of fluid replacement. However, a 
rising or persistently high hematocrit together with 
stable hemodynamic status and adequate urine output 
do not require extra intravenous fluid. Platelet transfu-
sions are indicated only in cases of severe thrombocyto-
penia with bleeding. 

WHO’s global strategy for dengue prevention and 
control (2012–2020) targets reducing the global burden 
of dengue by decreasing its morbidity by 25% and its 
mortality by 50% (WHO, 2012) and 2 of the key tech-
nical elements are diagnosis and case management.59

Chikungunya
Chikungunya an arboviral disease transmitted by the 
bite of infected mosquitoes of the genus Aedes (mainly  
A aegypti and A albopictus) was first reported in 
Tanzania during 1952–1953. The chikungunya virus 
(CHIKV) belongs to the genus Alphavirus and family 
Togaviridae.60 Etymologically, chikungunya owes 
its origin to Kungunyala, a word from the Makonde 
language of Tanzania meaning “that which bends up,” 
which aptly conjures up the image of a patient who 
adopts a stooped posture because of severe arthritis.60 

The incubation period can be 2 to 12 days but is usually 
3 to 7 days. “Silent” CHIKV infections do occur; but 
how commonly this happens is not yet known.61 Most 
descriptions of chikungunya fever are based on data 
obtained during epidemics mostly in adults. 

Maternofetal transmission
Most CHIKV infections occurring during pregnancy 
do not appear to result in transmission of the virus to 
the fetus as confirmed by the rarity of placental histo-
logic lesions (rate of incidence is 1 in 624 women with 
chikungunya infection during pregnancy).62 During the 
outbreak in Réunion, only 3 cases of fetal chikungunya 
infection at the beginning of the second trimester were 
reported.63 However, if the pregnant woman is viremic 
at the time of delivery, there is a risk for mother-to-
child transmission with a vertical transmission rate 
of 49%.63 The first cases of virus transmission from 

Management of dengue fever depends on timely diag-
nosis, assessment of disease phase, and severity of the 
illness (Figure 1).58
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Figure 1. Dengue Case Classification and Levels of 
Severity 

Source: World Health Organization. Epidemiology, burden of disease and 
transmission. Dengue: Guidelines for Diagnosis, Treatment, Prevention and 
Control. New ed. Geneva, Switzerland: World Health Organization and the 
Special Programme for Research and Training in Tropical Diseases; 2009. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CNS, central 
nervous system; DSS, dengue shock syndrome; HCT, hematocrit.

Fluid management and correction of shock is the 
mainstay of treatment in DHF/DSS. Critical phase 
of the illness is identified by severe plasma leakage 
leading to dengue shock and/or fluid accumulation 
with respiratory distress; severe hemorrhages; severe 
organ impairment (hepatic damage, renal impairment,  
cardiomyopathy, encephalopathy, or encephalitis). 

Changes in the hematocrit are a useful guide to treat-
ment. However, changes must be interpreted in parallel 
with the hemodynamic status, the clinical response to 
fluid therapy, and the acid–base balance. For instance, 
a rising or persistently high hematocrit together with 
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mother to child at birth were identified in February 
2006 and a total of 38 such cases were reported.63,64 
Intrapartum transmission resulted in neonatal compli-
cations including neurologic disease, hemorrhage, and 
myocardial disease. First trimester abortions following 
maternal CHIKV infection have been rarely reported.65 
There is no evidence that the virus is transmitted 
through breast milk.66 Transmission has also been 
documented through exposure to infected blood, which 
suggests that CHIKV infections could occur through 
transfusion of blood products.67

Neonatal presentation
In world literature, the main data in neonates is from 
close surveillance during the chikungunya epidemic in 
2005–2006 in Réunion island off the coast of Africa.62 
Mother-to-child CHIKV transmission is almost exclu-
sively observed in the context of intrapartum maternal 
viremia and often leads to severe neonatal infection. 
CHIKV infection manifesting in neonates is very rare 
and is a diagnostic challenge. Infants with chikun-
gunya present with fever, seizures, apnea, loose stools, 
peripheral cyanosis, and dermatological manifestations 
like generalized erythema, fine erythematous macu-
lopapular generalized rash, vesiculobullous lesions, 
and skin peeling and diffuse hyperpigmentation.68,69 
Unlike in dengue fever, hemorrhagic manifestations are 
uncommon in chikungunya fever. 

Swaroop et al reported that the fever in chikungunya 
is of sudden onset with chills and rigors (> 104°F), 
subsides in 2 to 3 days and is associated with conjunc-
tivitis, anorexia, arthralgia, and vomiting.70 Seizures 
have been described as an association of the disease in 
infants (39.29%) in a study by Mohan et al.71 Periph-
eral cyanosis without any hemodynamic alteration was 
another unique manifestation seen in 75% of infants in 
an epidemic in Kerala, India.68 Acral edema was another 
feature reported in some infants.68,70 Severe illnesses 
have been observed with associated encephalopathy, 
including pathologic magnetic resonance imaging find-
ings (brain swelling; cerebral hemorrhages) and possible 
evolution toward persistent disabilities.62

Though the gold standard is isolation of the virus, in 
the acute stage, diagnosis is possible with RT-PCR or 
serology.71 Anti-CHIKV IgM antibodies are detectable 
after an average of 2 days (1–12 days) by enzyme-linked 
immunosorbent assay (ELISA) and remains positive 
for several weeks to 3 months.72 IgG antibodies can 
be detected in the convalescent samples a few weeks 
later and persist for years. CHIKV infection seems to 
provide long-lasting protective immunity.

Management of chikungunya
Treatment of chikungunya fever is symptomatic and 
supportive. Ensuring fluid and electrolyte balance, judi-
cious use of paracetamol or nonsteroidal anti-inflam-
matory drugs for symptomatic relief can be helpful. 
Electrolyte imbalance, prerenal acute renal failure, and 
bleeding manifestations should be watched for care-
fully and managed accordingly.68 The morbidity and 
mortality of the disease may be avoided by the rational 
use of drugs and close monitoring of all infants. 
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