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ABSTRACT

An advisory boardmeetingwas heldwith experts
in Vietnam (Hanoi, August 2022), to review the
evidence on invasive meningococcal disease
(IMD) epidemiology, clinical management, and
meningococcal vaccines to reach a consensus on
recommendations for meningococcal vaccina-
tion in Vietnam. IMD is a severe disease, with the

highest burden in infants and children. IMD
presents as meningitis and/or meningococcemia
and can progress extremely rapidly. Almost 90%
of deaths in children occur within the first 24 h,
and disabling sequelae (e.g., limb amputations
and neurological damage) occur in up to 20% of
survivors. IMD patients are often hospitalized
late, due tomild andnonspecific early symptoms
and misdiagnosis. Difficulties related to diagno-
sis and antibiotic misuse mean that the number
of reported IMD cases in Vietnam is likely to be
underestimated. Serogroup B IMD is predomi-
nant in many regions of the world, including
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Vietnam, where 82% of IMD cases were due to
serogroup B (surveillance data from 2012 to
2021). Four component meningococcal B vac-
cine (4CMenB) is used in many countries (and is
part of the pediatric National Immunization
Program in 13 countries), with infant vaccina-
tion starting from twomonths of age, and a 2? 1
dosing schedule. Experts recommend 4CMenB
vaccination as soon as possible in Vietnam,
starting from two months of age, with a 2 ? 1
dosing schedule, and at least completing one
dose before 6 months of age.

Keywords: Invasive meningococcal disease;
Vaccination; Vietnam; 4CMenB; Infant

Key Summary Points

Invasive meningococcal disease (IMD) is
severe, primarily affects infants and young
children, and has a high risk of morbidity
and mortality. IMD is difficult to diagnose
at an early stage, especially in young
children.

The incidence is likely to be underreported
in Vietnam. Most cases today are caused
by serogroup B infection.

The four-component meningococcal B
vaccine (4CMenB) is recommended in
many countries for infants (from
2 months of age) and has demonstrated
real-world effectiveness.

Experts in Vietnam recommend 4CMenB
approval for infants in Vietnam, in a 2 ? 1
dosing schedule (a possible schedule could
be at 2.5, 3.5, and 12 months of age and
given separately from other routine
vaccinations in the early phase of
implementation. After gaining experience
with 4CMenB, it can be coadministered
with routine vaccines) with parental
counseling.

INTRODUCTION

Invasive meningococcal disease (IMD), caused
by Neisseria meningitidis, is an acute infection
and contagious respiratory illness. The disease is
severe, often progresses extremely rapidly, and,
if not treated promptly, has a high risk of
mortality (4–20% within 48 h) and of sequelae
in 10–20% of survivors (e.g., amputation of
limbs, hearing loss, and learning difficulties) [1].

In recent years, IMD epidemiology around
the world, including in Vietnam, is experienc-
ing shifts in the predominant disease-causing
serogroups. There is, however, no clear con-
sensus in Vietnam regarding the current epi-
demiology, or meningococcal B vaccine
recommendations.

On 22 August 2022, an advisory board
meeting was held with ten leading experts from
Preventive Medicine, Infectious Diseases and
Pediatrics from Vietnam and five vaccine and
medical experts from GSK, aiming to review the
existing evidence and provide recommenda-
tions regarding four-component meningococcal
B (4CMenB) vaccination to prevent serogroup B
IMD. The outcomes of the meeting are pre-
sented here.

As IMD evidence from Asia can be limited, a
broader outlook was taken, first presenting data
from North America and Europe, followed by
Asia and Vietnam, specifically.

This article is based on previously conducted
studies and does not contain any new studies,
with human participants or animals, performed
by any of the authors.

Epidemiology of IMD in the World, Asia,
and Vietnam

IMD is a Global Disease, with the Highest
Burden in Infants and Children
IMD is a global disease, which is endemic in
almost all regions, from the Americas to Europe,
Africa and Asia [2]. Health policies to control
the disease and health system responses differ
by country, resulting in different incidence rates
[2]. Despite country-specific differences, most
countries tend to find that incidence and case
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fatality rates are highest in infants and young
children.

In the United States of America (USA), IMD
incidence declined from 0.10 to 0.07 cases per
100,000 population, from 2018 to 2020 [prob-
ably due to coronavirus disease 2019 (COVID-
19) measures], respectively, with the highest
rates in infants (0.83–0.43) and children aged
1–4 years (0.18–0.12). The case fatality rate went
from 12.0% to 10.4% for IMD overall, peaking
in infants in 2020 (28.6% versus 12.9% in
infants in 2018) [3, 4].

In 2018, the European Centre for Disease
Prevention and Control (ECDC) reported 0.62
IMD cases per 100,000 population, with the
highest incidence rates in the youngest age
groups (i.e., 8.31 in infants aged\ 1 year and
2.38 in children aged 1–4 years) (Fig. 1). Coun-
try-specific incidence rates in infants peaked at
22.4. The case fatality rate was 12% [5]. As was
also the case with other infectious diseases,
there was a reduction in cases during the
COVID-19 pandemic, probably due to social
distancing measures [6]. The overall incidence
decreased from 0.57 in 2019 and 0.26 in 2020 to
0.14 in 2021; however, infants still had the
highest incidence (7.25 in 2019, 4.80 in 2020,
and 3.17 in 2021 [7]) (Fig. 1).

Data from Türkiye (2015–2018) also show
IMD incidence in children peaks among infants
followed by children\ 5 years old (Fig. 2) [8].

For Asian countries in the Asia–Pacific
region, IMD incidence ranged from 0.02 (the
Philippines) to 0.2 (Singapore) cases per 100,000
population, with higher incidence rates repor-
ted in some subpopulations, e.g., in infants,
children, and adolescents [9]. In the Philip-
pines, surveillance data from 2019 reported that
around half of all cases occurred in chil-
dren\ 5 years, and around 25% in
infants\ 1 year [10]. Surveillance data in Thai-
land reported IMD incidence rates of\0.10
from 2010 to 2019, with the highest incidence
in children\ 5 years [10]. Case fatality rates
were considerably higher in some countries e.g.,
around 40–50% in Thailand and the Philippines
compared with 10–16% in China and Japan [9].

In Vietnam (Fig. 3), from population-based
surveillance (2000–2002) for bacterial meningi-
tis, incidence rates in children aged\5 years

were estimated to be 7.4 per 100,000 population
(95% confidence interval [CI] 3.6–15.3) com-
pared with 6.8 (95% CI 3.5–13.5) in Korea and
2.1 (95% CI 0.7–6.2) in China. Among chil-
dren\ 5 years, higher incidence rates were
observed for age groups\ 6 months old in
China (14.6 [95% CI 4.5–47.2]) and Korea (27.2
[95% CI 9.9–74.2]), respectively, and for the age
group 7–11 months old in Vietnam (29.1 [95%
CI 8.0–106.0]). The highest rates were observed
in infants\ 1 month old in all three countries:
36.2 (95% CI 3.8–346.0) in Vietnam versus 96
(95% CI 29.7–309.4) in China and 81.5 (95% CI
18.8–352.2) in Korea [11].

Data from the Routine National Surveillance
System in Vietnam reported 184 IMD cases from
2016 to 2022, of which most were in adults:
13.5% (25 cases) were in infants\ 12 months
old and 10.3% (19 cases) were in
babies\ 6 months old (personal communica-
tion, Pham Quang Thai). Based on these data,
the overall incidence of IMD in 2016 was 2.3 per
100,000 population (personal communication,
Nguyen Van Kinh), with a decreasing trend in
recent years in Southern Vietnam (Fig. 4) (Lab-
oratory information system, Vo Thi Trang Dai).

Serogroup B IMD Appears to be Predominant
in Many Regions (USA, Europe, and Southeast
Asia), Including Vietnam, and in Children
In the USA (2020) [3] and Canada (2015–2019)
[12], serogroup B was predominant (Fig. 5), with
a case fatality rate of 10.9% (serogroup B IMD)
[3] and 7.8% (all IMD) [12], respectively. The
highest incidence rate was for serogroup B IMD
in infants (0.19 in the USA and 1.9 in Canada
per 100,000 population) [3, 12].

Serogroup B was the major cause of IMD in
Europe from 2000 to 2021 (Fig. 6a), responsible
for 64.4% of cases overall and 56.3% of IMD
deaths in 2021 (Fig. 6b) [7]. Although overall
IMD incidence declined during the COVID-19
pandemic, a sharp increase in serogroup B cases
was noted between 2020 and 2021 (Fig. 6a) [7].

Between 2006 and 2010 in England and
Wales, serogroup B IMD was responsible for
87% of cases, with the highest incidence in
infants (36.2 per 100,000 population). Most
infant cases occurred in those\ 6 months old,
peaking at 5 months old, highlighting the
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importance of vaccination before the age of
6 months. The case fatality rate for serogroup B
IMD was 5.2% (all ages), with the largest num-
ber of deaths in children\5 years [13].

In Asian countries, serogroup B IMD was
reported to be predominant in Singapore [14],
in the Philippines (with 68% of cases due to
serogroup B from 2017 to 2018 surveillance

data), and in Thailand (with 50–80% of cases
due to serogroup B from 1994 to 1999) [10].

In Vietnam, the Meningitis Sentinel Surveil-
lance System (run by the National Institute of
Hygiene and Epidemiology) has collected data
from Children’s Hospital 1 and 2 (in the South)
and the Vietnam Children hospital (in the
North) since 2012. Most IMD cases from the
Northern and Southern regions during this
period were serotype B IMD (Fig. 7, personal

Fig. 1 IMD incidence by age group in Europe [European Centre for Disease Prevention and Control (ECDC) 2018 and
2021] [5, 7]. The incidence of IMD per 100,000 population by age group in 2018 and 2021 is shown. y year

Fig. 2 Distribution of IMD cases in children by age group
in Türkiye (2015–2018) [8]. The distribution of IMD
cases by age group in under 18 s is shown. IMD invasive
meningococcal disease; y year

Fig. 3 IMD incidence by age group in Vietnamese
children (prospective surveillance 2000–2002) [11]. The
incidence per 100,000 population of IMD in children
under 5 years is shown. IMD invasive meningococcal
disease; m month; y year
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communication, Vo Thi Trang Dai). Similarly,
the National Pediatric Hospital reported 15 IMD
cases with severe complications (2016–2020), all
of which were due to serogroup B (personal
communication, Do Thien Hai).

The ‘‘108 Military Central Hospital’’ moni-
toring healthy carriers found a positive rate for
IMD in around 25% of new military recruits
aged 18–25 years old (2012–2014), of which
most cases (53.19%) were serogroup B [15].

Challenges in the Diagnosis
and Treatment of IMD

IMD patients are Often Hospitalized Late, Due
to Mild or Nonspecific Early Symptoms
and Misdiagnosis
Neisseria meningitidis bacteria usually reside
within the nasopharynx with other common
bacteria and viruses. In mild cases, it only causes
nasopharyngitis. In the case of invasive disease

Fig. 4 Number of yearly IMD cases and deaths
(2012–2021) for Vietnam and South Vietnam, reported
by the National Surveillance System and Communicable
Diseases Surveillance System in South Vietnam. The

annual number of IMD cases and deaths in Vietnam and
South Vietnam from 2012 to 2021 is shown. IMD invasive
meningococcal disease

Fig. 5 IMD cases in the USA (2020) [3] and Canada
(2015–2019) [12] by serogroup. The serogroup distribu-
tion of IMD cases in the USA (2020) and Canada
(2015–2019) is shown. IMD invasive meningococcal

disease; NG nongroupable; USA United States of America;
N number; Other includes other or unknown serogroup
cases, including 1 serogroup E case in the USA

Infect Dis Ther (2024) 13:423–437 427



(i.e., IMD), initial symptoms (e.g., fever, vom-
iting, fatigue, and lethargy) are flu-like and
nonspecific, making early diagnosis difficult,
especially in nonspecialized hospitals.
Meningococcal disease is rare, so many doctors
lack experience of early diagnosis. Patients are
often admitted to the hospital when they
become seriously ill (with meningitis or sepsis).
The typical triad of meningitis symptoms, i.e.,
fever, stiff neck, and impaired consciousness,
was only present in around 27% of patients. For
severe cases, only central hospitals have the
modern treatment facilities and techniques
available for treatment (i.e., intubation,

mechanical ventilation, dialysis, vasopressors,
and doctors with experienced with resuscita-
tion). Road traffic in Vietnam can lead to long
hospital transfer times and contribute to an
increased risk of sequelae and death (personal
communication, Do Thien Hai and Nguyen The
Nguyen).

IMD can Progress Extremely Rapidly
and has a Severe Clinical Presentation
The three common severe clinical presentations
of IMD are meningitis (C 50% of cases),
meningococcemia (17–37%) and both menin-
gitis and meningococcemia (4–22%) [16].

Fig. 6 a Serogroup distribution of IMD cases in Europe
(ECDC 1999–2021) [7]; b IMD cases and deaths by
serogroup in Europe (ECDC 2021) [7]. ECDC European

Centre for Disease Prevention and Control; IMD invasive
meningococcal disease; NG nongroupable
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Patients can progress to shock, weak pulse, and
death within 12–24 h of onset (Table 1).
Myocardial contractility may be reduced in 50%
of cases. Adrenal infarction causes acute adrenal
insufficiency which leads to cardiovascular col-
lapse and rapid lowering of blood pressure. Dark
purple rash occurs in 42–70% of cases and pur-
pura fulminans in 15–25% of cases, which can
progress to bullous or gaseous necrosis of sub-
cutaneous tissue and even bone (personal
communication from Phung Nguyen The
Nguyen).

IMD Patients are at High Risk of Mortality
and Sequelae
IMD has a high mortality rate without treat-
ment and up to 10% with treatment; almost
90% of childhood deaths due to IMD occur
within 24 h [17]. Survivors may develop severe
sequelae including amputations and neurologic
effects (e.g., hydrocephalus, sensory deficits,
and nerve damage), as well as skin scarring [18].

Description of a Clinical Case at Children’s
Hospital 1 [1, 18] The patient was a 4.5-
month-old boy (second child, birth weight
3.1 kg, full-term infant, and vaccinated under
the Expanded Immunization Program) admit-
ted with fever with petechiae. Disease progres-
sion was rapid (Fig. 8), and he was diagnosed
with serogroup B IMD.

The patient continued treatment in the
intensive care unit for 1 week and was dis-
charged after nearly 2 months of

hospitalization. The patient suffered amputa-
tion, scarring from tissue necrosis, and had to
return to the surgical department for excision of
overgrown stump every few months.

Expert Discussion of Epidemiology Data
for Vietnam: the Number of IMD cases
Reported in Vietnam May be Underestimated
Due to Diagnostic Problems and Antibiotic
(Mis)use
The experts discussed why IMD incidence from
passive reports to the National Surveillance
System was lower than the IMD incidence
reported from the prospective study by Kim
et al. (2012) [11] in children\5 years. Several
possible explanations were put forward.
Antibiotic misuse or use at hospital admission
before laboratory testing may occur, which can
lead to incorrect polymerase chain reaction
(PCR) and bacterial culture results [19]. Bacterial
culture testing tends to be less sensitive than
PCR for the diagnosis of IMD [20]. Before PCR
test results for meningococcal disease are con-
firmed, the patient may have been diagnosed
with another disease with similar symptoms.

Fig. 7 IMD serogroups in Vietnam over time
(1966–2012) and serogroup distribution (2012–2021).
The prevalent IMD serogroups in Vietnam from 1966 to
2012 and the serogroup distribution of IMD cases from
2012 to 2021 are shown. IMD invasive meningococcal
disease

Table 1 Time to onset of IMD symptoms, complications,
or death (personal communication, Phung Nguyen The
Nguyen)

Symptoms/complications Hours % of
patients

Fever, vomiting, and fatigue 4–6

Leg pain 8 31–63

Cold extremities 8 35–47

Abnormal skin color 8 17–21

Meningitis (neck stiffness, sensitivity

to light, and bulging fontanel)

12–15 27

Convulsions, delirium, and altered

mental status

15–24

Dark purple rash 42–70

Purpura fulminans 15–25

Death 24

Average length of hospital stay, days 19 –

IMD invasive meningococcal disease

Infect Dis Ther (2024) 13:423–437 429



The shortage of biological products and testing
limits diagnosis capabilities in less specialized
hospitals. IMD is rare and experience of diag-
nosing and treating the disease is limited. The
system’s surveillance reports may be missed,
necessitating surveillance system improve-
ments. Surveillance system data are limited to
invasive disease reports and do not include ear,
nose, and throat infections or meningococcal
case reports.

The decrease in IMD cases reported in recent
years (Fig. 4) may be related to the COVID-19
pandemic affecting IMD detection and case
reporting (personal communication, Pham
Quang Thai). IMD has flu-like onset symptoms,
and patients afraid of COVID-19 may have
taken antibiotics immediately, affecting test
results and potentially reducing the number of
hospitalized patients.

Expert Consensus on IMD Burden, Shift in
Disease-Causing Serogroups, and Age
Distribution

• IMD has a high burden, especially in chil-
dren, with severe clinical presentations (sep-
sis, meningitis or both) and a high risk of
mortality and sequelae.

• The pediatric and infectious disease experts
believe that IMD incidence from epidemio-
logical reports is likely underestimated. Ser-
ogroup B has predominated for more than
10 years, and vaccination to prevent
meningococcal B IMD is needed.

• Guidelines and recommendations from the
Ministry of Health and the Vietnam Associ-
ation of Preventive Medicine are required to
improve surveillance of epidemiological
characteristics and reporting of the actual
number of cases.

Fig. 8 Case study—serogroup B IMD disease progression.
The IMD disease progression in a case study is shown.
FiO2 fraction of inspired oxygen; IMD invasive

meningococcal disease; LR lactate ringer; min minute;
NCPAP nasal continuous positive airway pressure; SpO2

peripheral capillary oxygen saturation
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• A long-term plan is needed, with a compre-
hensive assessment of IMD epidemiology;
the vaccine’s efficacy, safety, and cost-effec-
tiveness; and the feasibility of introducing
meningococcal B vaccination into the
Expanded Immunization Program to benefit
children, especially in remote areas with
difficult economic conditions.

• In Vietnam, children under 2 years of age are
the highest risk group and should be given
priority to receive meningococcal B vaccine
as soon as possible before 6 months of age. If
the vaccine is given to a child aged 2 to
6 months, the child will be protected until
the age of 5 years. For adolescents, before
college or military enlistment, a single
booster shot is considered enough to provide
protection.

Update on Technological Developments
for Meningococcal Vaccines

4CMenB, Developed by Reverse Vaccinology, is
a Broad-Spectrum Vaccine Against
Meningococcus B with Four Antigenic
Components
During the 1960s and 1970s, despite many
efforts to develop meningococcal B vaccines,
very few were effective against serogroup B IMD
[21]. The polysaccharide capsule of serogroup B
is structurally similar to polysialic acid units
found in the human body, therefore, poorly
immunogenic [22]. The outer membrane vesicle
(OMV) vaccines were developed based on the
common circulating strain of a specific area and
the vaccine cannot be widely used in the world,
as countries have different B strains and the
vaccine is only effective against strains common
to specific areas [21].

To overcome these challenges, reverse vac-
cinology was used to develop the 4CMenB
vaccine. The entire genome of 2,158 bacterial
genes was screened [23] and three potential
protein antigens for vaccine development were
identified: factor H binding protein (fHbp),
Neisseria adhesin A (NadA), and Neisserial
heparin-binding antigen (NHBA). A fourth
antigenic component, the OMV protein from
the original New Zealand OMV vaccine (NZ

PorA P1.4), was added [24]. The fHbp binds
factor H (which enables bacterial survival in the
blood) [25], NadA promotes adherence to and
invasion of human epithelial cells [26], NHBA
binds heparin (which may promote bacterial
survival in the blood) [23], and NZ PorA P1.4
induces strain-specific bactericidal responses
[27].

4CMenB Vaccine Produces a High Immune
Response to All Four Antigenic Components,
from Infancy to Adolescence
The immunogenicity of 4CMenB in
infants\ 6 months was similar with a 2 ? 1
and a 3 ? 1 schedule (i.e., two or three primary
doses plus a booster dose, respectively) [28]
(Fig. S1) and was unaffected by coadministra-
tion of routine vaccines [29] (Fig. S2). Prophy-
lactic paracetamol reduced the incidence of
fever when 4CMenB was administered with
other routine vaccines [30].

4CMenB is Used Globally, with Infant
Vaccination from Two Months Old Using
a 2 1 1 Dosing Schedule
The 4CMenB vaccine was approved in Europe
and the USA in 2015 and was registered in 56
countries by 2023, with recommendations in 33
in 2021. It is included in 13 National Immu-
nization Programs (NIPs), and over 52 million
doses have been distributed worldwide [31–33].
Most countries (except the USA and Switzer-
land) recommend vaccination from the age of
2 months, and most NIPs use a 2 ? 1 schedule
(Fig. 9).

In addition to efficacy demonstrated in
clinical trials, the real-world effectiveness of
4CMenB vaccine has been demonstrated in
several countries (Fig. S3) [34–40]. Safety studies
found 4CMenB safety to be similar to other
vaccines, with no more prominent adverse
events identified [37, 41–51].

Experience of IMD Prevention
and Meningococcal Awareness Campaigns

Since 2015 in Türkiye, the highest incidence of
IMD has been observed in infants [8, 52, 53],
and there has been a shift in the predominant
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disease-causing serogroups [8]. 4CMenB was
approved in 2018, first with a 3 ? 1 schedule
and from 2021, a 2 ? 1 schedule for infants
from 2 months of age. Vaccination campaigns
were launched with plans to manage issues that
may be of concern to pediatricians and family
doctors regarding the disease (burden and epi-
demiology) and vaccine. Workshops were
organized to share experience on vaccine effi-
cacy, side effects, burden of disease, and the
importance of early protection for children.

Expert Recommendations and Discussion
of Measures to Improve Mother’s Agreement
of 4CMenB Vaccine, if Approved in Vietnam
Good health communication is important for
people and healthcare professionals to

understand the disease burden, the shift to ser-
ogroup B predominance, and to ensure safe
vaccine implementation.

Postinjection fever may arise; however, it
should be noted that currently, only around
20% of mothers comply with prophylactic
paracetamol for other vaccines. Immunization
facilities and hospitals should strengthen com-
munication and advice around postinjection
reactions, providing specific instructions on
taking antipyretic drugs before, during, and
after vaccination with 4CMenB.

The experts recommend using 4CMenB vac-
cine for infants from 2 months of age and to
administer 4CMenB separately from pneumo-
coccal vaccinations to avoid overlap and con-
fusion about postinjection reactions. The 6-in-1

Fig. 9 4CMenB dosing regimens in National Immuniza-
tion Programs [33]. An overview of four-component
meningococcal B vaccine (4CMenB) schedules used in
National Immunization Programs around the world is

shown. 4CMenB four component meningococcal B
vaccine; UK United Kingdom; USA United States of
America
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and pneumococcal vaccines are prioritized, and
there should be an interval of at least 2 weeks
before administering 4CMenB. 4CMenB may be
recommended at 2.5 months, 3 months, or
3.5 months of age, as long as the first dose is
guaranteed before 6 months of age. Vaccination
facilities can decide on the specific vaccination
schedule. After gaining experience with
4CMenB, coadministration with other routine
vaccines can be considered.

CONCLUSIONS

In Vietnam, IMD imposes a significant disease
burden. According to pediatric specialists, the
reported clinical manifestations of meningitis
and meningococcemia are severe, difficult to
treat, and associated with numerous sequelae.
No data on the cost of illness and economic
burden of IMD in Asia or Vietnam were
identified.

According to the experts, the incidence rates
reported by national disease surveillance data
may not reflect the true incidence rates. In the
past 10 years, serogroup B IMD has become
predominant in Vietnam. This increases the
demand for meningococcal B vaccines, partic-
ularly for infants younger than 6 months of age.

Reverse vaccinology assisted in the develop-
ment of the 4CMenB vaccine, which contains
four antigen components. Immunogenic effi-
cacy and safety for children[ 2 months of age
have been demonstrated in clinical trials, and
data from real world evidence have demon-
strated effectiveness/impact at the country
level. The vaccine is being used in many
countries.

The experts recommend unequivocally that
the Vietnamese Ministry of Health approve
4CMenB for infants from 2 months of age. A
reasonable vaccination schedule includes early
vaccination, i.e., at least one dose before the age
of 6 months, and a 2 ? 1 schedule (two primary
doses and one booster). According to the cur-
rent pediatric vaccination schedule, infants
could receive 4CMenB at 2.5 and 4.5 months of
age, with a supplemental dose at 12 months.

Within the childhood immunization sched-
ule, 4CMenB use could alternate with other

routine vaccines at the start of implementation
with a specific vaccination schedule, depending
on vaccination facilities. After gaining experi-
ence, coadministration with routine vaccines
could be considered. Providing vaccine coun-
seling to parents is essential.
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