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Abstract
Background: Infection causes neonatal mortality in both high and low income countries. While simple
interventions to prevent neonatal infection are available, they are often poorly understood and implemented by
clinicians. A basic understanding of healthcare providers' perceptions of infection control provides a platform for
improving current practices. Our aim was to explore the views of healthcare providers in provincial hospitals in
south and south central Vietnam to inform the design of programmes to improve neonatal infection prevention
and control.
Methods: All fifty-four participants who attended a workshop on infection prevention and control were asked to
complete an anonymous, written questionnaire identifying their priorities for improving neonatal infection
prevention and control in provincial hospitals in south and south central Vietnam.
Results: Hand washing, exclusive breastfeeding and safe disposal of medical waste were nominated by most
participants as priorities for preventing neonatal infections. Education through instructional posters and written
guidelines, family contact, kangaroo-mother-care, limitation of invasive procedures and screening for maternal GBS
infection were advocated by a smaller proportion of participants.
Conclusions: The opinions of neonatal healthcare providers at the workshop accurately reflect some of the current
international recommendations for infection prevention. However, other important recommendations were not
commonly identified by participants and need to be reinforced. Our results will be used to design interventions to
improve infection prevention in Vietnam, and may be relevant to other low-resource countries.
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Background
Globally, neonatal deaths (under 28 days of age) account for 43% of all deaths in children younger than 5 years of age [1]; ranging from 29% in Africa to 54% in
Southeast Asia.
Three major causes of neonatal deaths account for more
than 80% of all neonatal deaths globally: infections; complications of preterm birth; and intrapartum-related neonatal
deaths (“birth asphyxia”) [1,2]. The relative contributions of
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these 3 causes of death vary both within and between countries [2], and are in part reflected by differences in the neonatal mortality rate (NMR – neonatal deaths per 1,000 live
births). In settings with very high neonatal mortality rate
(NMR > 45), about half the neonatal deaths are caused by
infections [3]. In low-mortality settings (NMR < 15), only
15% of deaths are caused by infections, these deaths are
more likely to take place in hygienic settings with access to
antibiotics, and preventing them is more complex [2,3].
Vietnam has shown a strong commitment to achieving
the fourth Millennium Development Goal (MDG 4) of reducing its under-five year mortality rate (U5MR) by twothirds between 1990 and 2015. As a result, the U5MR and
the infant mortality rate (IMR) have reduced [4]; the
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U5MR has reduced from 55⁄ 1,000 live births in 1990 to 24⁄
1,000 live births in 2009 and the IMR has reduced from
39/1,000 live births to 20/1,000 live births [5]. By 2009 the
NMR (12/1,000) accounts for half the U5MR (5), so the
NMR will have to be reduced if Vietnam is to meet its
MDG4 target of 18.3/1,000.
Facility-based neonatal care in Vietnam was very limited
at the start of the 21st century, and generally provided by
non-specialist paediatricians in the paediatric wards.
In under ten years newborn care has been rapidly expanded and today all provincial hospitals have neonatal
units, usually in a specially designated area of the obstetric
or paediatric wards, with staff drawn from the Pediatric
Department. These units are usually referred to as
Neonatal Intensive Care Units (NICUs), but relatively few
have the capacity to provide long-term mechanical ventilation, so this paper refers to them as nurseries. At a minimum, these nurseries are equipped with CPAP, oxygen,
warming devices, phototherapy and essential medicines
and supplies to deal with the most common neonatal
conditions. As an estimated 64% of deliveries are in institutions, and 88% are attended by a skilled attendant [5],
a strong network exists for appropriate referral of
sick neonates.
We are not aware of any data on the incidence of earlyand late-onset neonatal sepsis in Vietnam as a whole, or
specifically in the central or south central regions. In a
province in northern Vietnam, however, a recent study
based on verbal autopsy found that 59% of neonatal deaths
occurred in the first 24 hours after birth [6]. In this study,
infections could only be assigned as the cause of death in
term infants, and was responsible for 11% of neonatal
deaths. Preterm birth (<37 weeks gestation) was responsible for 40% of deaths, but it is unclear what proportion
of these deaths had infection as their proximal cause.
The aim of our study was to explore the views of
healthcare providers in provincial hospitals in south and
south central Vietnam on how to improve neonatal infection prevention and control.

Methods
A one-day workshop on “Infection prevention and control
in the NICU” was held in Ho Chi Minh City (Vietnam) on
2nd December, 2011. The workshop was organized by a
non governmental organization (East Meets West
Foundation, EMW), in collaboration with the World
Health Organization (WHO), Hanoi, and an Italian
Non-Government Organization Amici della Neonatologia
Trentina. Tu Du Hospital in Ho Chi Minh City is the obstetric tertiary referral centre for all provincial hospitals located in south and south central Vietnam, and provided
clinical facilitators for the workshop.
Vietnam has 58 provinces and 5 municipalities, with
provinces further divided into districts; Provincial
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hospitals function as tertiary referral centres for districts
hospitals. The average hospital stay averages two days
after normal delivery and four days after caesarean section. Since 2004, a Non-Government Organization called
East Meets West (EMW) has been implementing projects to improve neonatal care in Vietnam through a
national program (‘Breath of Life’) which has helped
more than 200 hospitals establish neonatal nurseries by
providing training, equipment and alcohol handrub.
One doctor and one nurse from each of 30 provinciallevel hospital in south and south central Vietnam were
invited to attend the workshop. The primary aim of the
workshop was to update participant knowledge on neonatal
infection prevention and control, to discuss programmatic
implications of the current international recommendations
and to provide a basis for prioritization of interventions in
their local settings. There was no pre- or post-workshop assessment of attendee knowledge or skills.
At the beginning of the workshop, participants were
invited to complete a written questionnaire, in Vietnamese, identifying the activities that they believed could significantly control and prevent infection in their hospital.
The questionnaire was presented to the participants, before they were offered the opportunity to complete it;
participation was voluntary.
The questionnaire was divided into three main sections:
a) information about the participant and his/her hospital
(city, sex, age, professional background, and institutional
role); b) questions about diagnostic, therapeutic and administrative practices at the hospital which relate to prevention and management of neonatal infections; and
c) questions about methods to improve hospital-based infection prevention. In sections b) and c), no distinction
was made between systemic and localized infections.
Section c) was divided in 7 sub-sections (education,
personnel, environment, instruments, care of the newborn, family access to the nursery and contact with the infant, and prophylaxis and therapy), each of which included
three to six issues which participants were asked to grade
by importance as a measure to prevent or manage infection. Grading was on a four-point Likert scale: (i) very important; (ii) important; (iii) not important; and (iv) useless.
Participants were allowed 30 minutes to complete the
questionnaire, they were instructed not to consult with
their colleagues during this time. The responses were analyzed in the offices of EMW in Hanoi. Survey responses
were entered into an spreadsheet (Microsoft Excel 2010)
by two different clerks using the same template, at different times. The two files were compared and discrepant
results were checked against original forms and corrected.
Descriptive data for 2010 (e.g., number of births, number of admissions to the nursery) from each of the hospitals was collected prior to the workshop. This data
collection was done in the following way: each hospital
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director was contacted by phone, and following his/her
agreement, a detailed list of questions were sent to the
hospitals by email, fax or post. Each hospital completed
the data forms using their official 2010 reports, and the
completed response was returned to EMW.
Statistical analysis

Data are presented as numbers and/or percentages, as
appropriate. Fisher’s exact test was used for comparison
between groups. Statistical analysis was performed using
R2.12 software (R Foundation for Statistical Computing,
Wien, Austria).

Results
Of 60 invited participants from 30 hospitals, 54 (90%) individuals attended the workshop, including 21 physicians,
29 nurses and 4 midwives. All attendees consented to
complete the questionnaire. Of the 54 participants, 45
(83%) were female; 3 (6%) were heads of department, 9
(17%) were heads of nursing, and 42 (78%) were general
staff members. The median (range) age of participants was
36 years (21–54). The majority of staff worked in the paediatric ward (n = 32) or the neonatal ward (n = 12), but there
were five participants from the obstetric ward and five from
the hospital infection control department. The majority of
participants (n = 47) had professional experience of over 2 years duration, two participants had 1–2 years experience,
and three had less than 6 months experience.
Table 1 presents descriptive data about the 30 provincial
level hospitals in south and south central Vietnam where
participants attending the meeting were working. Most attendees worked in general hospitals (93%) and the median
distance to the tertiary referral hospital (Children Hospital
No.1, Ho Chi Minh City) was 215 km. A total of about
200,000 neonates were born in these hospitals during
2010. Mortality data are shown in Table 1 and refer to
both inborn and outborn neonates; disaggregated data by
inborn/outborn status, and data on age at death were not
available. Sepsis was the primary diagnosis for about a
quarter of deaths.
Table 2 presents information on diagnostic, therapeutic
and administrative practices to prevent and manage neonatal infections in hospitals where participants attending
the meeting were working. In general, participants considered facilities for biochemical and cultural diagnosis of infection to be adequate in all hospitals. Clinical evaluation
was considered to be an appropriate method to diagnose
neonatal infection by a large proportion of participants
(78%), followed by biochemical examination using CRP
(63%); a smaller proportion (40%) considered culture results to be appropriate. For suspected infection, about half
the participants (49%) commence therapy with two antibiotics, with one-third (33%) using a single antibiotic; the
choice is usually based on a local protocol (37%) or a

Page 3 of 8

collaborative team decision (38%). The costs of laboratory
examinations are usually charged to the patient’s insurance. Most participants (89%) stated that their hospitals
routinely hold meetings to discuss and monitor infection
control procedures and trends.
Table 3 reports the proportion of respondents who consider the presented methods of improving neonatal infection prevention and control as being ‘very important’. Hand
washing (78%), clean physical environments (88%), safe disposal of medical waste (86%), exclusive breastfeeding (89%),
and appropriate use of antibiotics (77%) were the strategies
scored as ‘very important’ by more than three-quarters of
respondents. Education through instructional posters (29%)
and written guidelines (49%), strict monitoring of staff activity (40%) and surfaces/equipment (48%), full enteral feeding (33%), kangaroo mother care (49%), limiting maternal
contact (29%), screening for maternal GBS infection (25%)
and appropriate use of antepartum antibiotics (39%) were
scored as ‘very important’ by fewer than half of all respondents. Similar proportions of doctors and nurses scored
each item as ‘very important’ with the exception of maternal education on hygienic contact with the infant (56%
among doctors vs. 84% among nurses; p < 0.05) and, possibly, safe disposal of medical waste (72% among doctors

Table 1 Selected characteristics of the 30 provincial level
hospitals (2010) where attendees were working at the
time of the workshop
General hospitals, n (%)
Distance (km) from regional referral hospital,
median (range)

28 (93%)
215 (40–950)

Number of beds, median (range)

690 (100–1,500)

Number of births, median (range)

6,545 (0–13,871)

Total number of doctors in the unit,
median (range)

10 (2–46)

Total number of nurses in the unit,
median (range)

25 (4–70)

Total number of different
rooms in the unit, median (range)

3 (0–11)

Total number of beds in the unit,
median (range)

20 (0–75)

Total number of
patients/year, median (range)

1,019 (100–4,258)

Number of inborn patients
admitted to the unit, median (range)

713 (0–4,200)

Number of out born patients admitted to the unit,
median (range)

204 (40–1,200)

Number of deaths in the unit,
median (range)

40 (0–147)

Number of deaths in unit attributed
to sepsis, median (range)

12 (0–50)

Availability of alcohol gel for quick
hand-cleansing, n (%)

22 (73%)
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Table 2 Diagnostic, therapeutic and administrative
practices to manage neonatal infections in hospitals
where participants were working at the time of the
survey
Question
1. In your opinion, which is the
most appropriate method to detect
neonatal infection in your department?
(One or more):

2. Do you routinely perform blood
cultures for neonatal sepsis in
your department?
3 Where are blood cultures analyzed?

4. How long does it take to receive the
C-reactive protein or white blood
count analysis?

5 How long does it take to
receive the blood culture analysis?

6. Is an antibiogram usually included
with the blood culture results?

7. Do admitted neonates routinely
receive prophylactic antibiotics?

8. For admitted neonates, what is your
antibiotic strategy prior to receiving
blood culture analysis?

9. How do you choose the antibiotic(s)

10. Who pays for analysis of the
blood culture?

Table 2 Diagnostic, therapeutic and administrative
practices to manage neonatal infections in hospitals
where participants were working at the time of the
survey (Continued)

Response Percent
History

48

Clinical assessment

78

Biochemical
examination (CRP)

63

11. Are there routine meetings to
discuss/monitor infection control
procedures and trends?
12: If yes to Q11, how often
are the meetings?

Not stated

2

Weekly

12

Monthly

33
49

Culture

46

Quarterly

Environmental
evaluation

24

Bi-annually

0

Annually

4

Yes

42

No

58

In my hospital

100

13. If yes to Q11, who
participates in these meetings?

Not stated

2

Doctors only

6

Nurses only

4
27

In another public
hospital

0

Doctors and nurses
(‘clinicians’)

In a private
laboratory

0

ID staff and/or
administrators only

12

<3 hours

85

Clinicians + ID staff &/
or administrators

49

3-6 hours

12

Not stated

2

6-12 hours

3

>12 hours

0

2 days

14

3-4 days

41

5-6 days

24

>6 days

21

Always

91

Sometimes

9

Never

0

Always

15

Only on positive
history and signs

75

Never

10

Start with single
antibiotic

33

Start with two
antibiotics

49

Start with three
antibiotics

18

Individual decision

25

Department protocol

37

Collaborative team
decision

38

Hospital

8

Patient’s family

9

Patient’s insurance

79

Other

4

Yes

89

No

9

(data are presented as percentages).

vs. 94% among nurses; p = 0.08) and the doctor/patient ratio (78% among doctors vs. 49% among nurses; p = 0.07).

Discussion
Severe infections represent the main cause of neonatal
mortality, accounting for more than 1 million neonatal
deaths worldwide every year [1], and is a common cause
of neonatal mortality in both high- and low-resource settings [3,7,8]. This study asked healthcare providers from
south and south central Vietnamese provincial hospitals
about the importance they assign to selected strategies
for improving neonatal infection prevention and control.
The selected strategies for improving neonatal infection
prevention and control were scored as ‘very important’
or “important” by the large majority of participants,
confirming their relevance to clinicians. Certain groups of
strategies, however, were less frequently considered ‘very
important’. For example, “Educational” strategies (in particular, instructional posters, written guidelines, and strict
monitoring of daily staff activity) were less frequently considered “very important”. These data contrast with previous studies showing that “education of health staff” was
scored as the highest priority by local healthcare providers
for improving the delivery room setting and maternal and
neonatal departments in low- and high-resource settings
[9,10]. These differences may be attributable to differences
in topic area (neonatal resuscitation vs. infection prevention) or by different backgrounds of participants. It is notable that other studies have found that the strategy of
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using instructional posters and written guidelines,
recommended by several health agencies for educational
purposes, doesn’t receive great support from healthcare
providers [11].
Strategies relating to “Prophylaxis and therapy” (e.g.,
antepartum antibiotics for maternal infection or Premature Rupture of Membranes [PROM], and screening for
maternal Group B Streptococcus [GBS] infection) were
also less frequently considered “very important”. Screening for maternal GBS infection and antepartum antibiotics are recommended by international guidelines for
reducing neonatal sepsis [12], and in high-resource settings, recommendations for antenatal universal screening for GBS have been rapidly adopted [13]. However,
participants involved in this survey gave a low priority to
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these issues, and nurses/midwives appear less likely to consider these interventions ‘very important’ than doctors. We
know of no national data on the prevalence of GBS
infection in Vietnam; screening and intervention are not
part of the national standard guidelines for antenatal care.
In the United States, between 5% and 40% of all pregnant
women have recto-vaginal colonization with GBS [14].
In Taiwan, a recent study found that the maternal
colonization rate of GBS was around 20% at hospital base
and the incidence of neonatal GBS infection was 1 per
1000 live births of infants born at hospitals. The authors
concluded that “universal maternal recto-vaginal culture of
GBS with intrapartum antibiotic prophylaxis is required to
reduce early-onset disease and mortality because of GBS
infection in neonates in Taiwan” [15]. The results of this

Table 3 Proportion of respondents rating each option for improving infection prevention and control as ‘very
important’, overall and separately for doctors and nurses
Proportion considering each intervention to be
‘very important’
Education/Guidance for staff

Personnel

Environment

Instruments

Care of the newborn

Family contacts and education

Prophylaxis and therapy

Doctors

Nurses

Overall

Clinical meetings

66.7

72.7

70.6

Instructional posters

33.3

27.3

29.4

Written guidelines

44.4

51.5

49.0

Strict monitoring of daily staff activity

29.4

46.7

40.4

Nurse/patient ratio

83.3

63.6

70.6

Doctor/patient ratio

77.8

48.5

58.8

Hand washing

83.3

90.9

78.4

Cleaning of physical environment

77.8

78.8

88.2

Presence of hand washing stations

77.8

68.8

72.0

Presence of antiseptic gel solutions

47.1

64.5

58.3

Dedicated room for infected patients

50.0

66.7

60.4

Safe disposal of medical waste

72.2

93.5

85.7

Monitoring of hygiene of surfaces/equipment

47.1

48.4

47.9

Use of clean instruments

83.3

65.6

72.0

Dedicated equipment for each patient

66.7

75.0

72.0

Limitation of invasive procedures

50.0

56.7

54.2

Full enteral feeding

35.3

31.0

32.6

Exclusive breastfeeding

94.1

86.7

89.4

Kangaroo mother care

52.9

46.7

48.9

Limitation of maternal visits

33.3

25.8

28.6

Limitation of paternal visits

44.4

64.5

57.1

Limitation of family member visits

38.9

58.1

51.0

Maternal education on hygienic contact

55.6

83.9

73.5

Family education on hygienic contact

55.6

71.0

65.3

Pre-discharge education to prevent re-admission

64.7

77.4

72.9

Screening for maternal GBS

16.7

30.0

25.0

Antepartum antibiotics for maternal infection

33.3

41.9

38.8

Appropriate use of antibiotics

70.6

80.6

77.1
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survey suggest that advocacy of antenatal universal screening for GBS should be considered as part of future hospital
intervention strategies, and at national policy level; such
advocacy is dependent on the incidence of GBS infections
in neonates which will determine, in large part, the costeffectiveness of such a strategy [16].
Hand washing, cleaning the physical environment, safe
disposal of medical waste and exclusive breastfeeding were
the strategies most frequently scored as‘very important’
for preventing neonatal infections. The WHO strongly advocates hand hygiene and exclusive breastfeeding for
preventing and reducing infections [11]. In Vietnam, extensive training has been conducted by the MOH and
partners in the areas of hand hygiene (due to recent epidemics of SARS, avian influenza and H5N1 influenza),
breastfeeding (ongoing MOH campaign since August
2011) and safe disposal (ongoing WHO program on
safety). The lesson seems to be well learned by healthcare
providers involved in the present survey. National data on
breastfeeding in Vietnam, however, indicate that only 58%
of neonates are breastfed early, and only 17% of infants
are exclusively breastfeeding at 6 months, so communitywide promotion of breastfeeding may be required.
Improvement of nurse/patient and doctor/patient ratios
for preventing infections were scored as ‘very important’
by 71% and 59% of participants respectively, reflecting the
evidence that nurses, more than doctors, play an important role in this field [10,17]. Interestingly, however, a larger
proportion of doctors than nurses rated the improvement
of both these ratios as ‘very important’.
Cleaning of the physical environment was scored as
‘very important’ by 88% of participants, but the “Presence of antiseptic gel solutions” was considered ‘very important’ by only 58% of participants. The use of
antiseptic gel solutions for infection prevention has been
suggested [18,19], but its efficacy in low resource settings remains to be proved [20]. This information needs
to be evaluated in depth because alcohol gel handrubs
for quick hand hygiene were available in the majority of
hospitals (73%) where participants were working; WHO
Guidelines recommend routine use of alcohol-based
handrubs as the gold standard in health care worldwide
(after initial hand washing) [21].
Most of the strategies relating to “Care of the newborn”
were considered as ‘very important’ by a relatively small
percentage of participants; “Limitation of invasive procedures” (54%); “Full enteral feeding” (33%); and “Kangaroomother-care” (49%). In both high- and low-resource
settings, limitation of invasive procedures and the early
achievement of full enteral feeding are considered crucial
to prevent and to limit neonatal infections [7,8,22]. Maternal involvement in the process of care, through kangaroomother-care, is suggested as a method of reducing neonatal
mortality and preventing infections in stabilized low
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birthweight infants in low resources settings [23]. While
Vietnamese mothers and family members are routinely
involved in the care of the newborn, in part as a response
to suboptimal nurse-patient ratios, the majority of participants scored as ‘very important’ the strategy of limiting paternal and family member visits for preventing neonatal
infections, and 29% stated that limiting maternal visits was
very important. The limited importance assigned by participants to maternal access and to kangaroo mother care
needs to be explored further.
The judicious use of antibiotics may reduce the emergence of resistant bacterial strains and limit the sideeffects of prolonged and unnecessary antibiotic courses.
This important issue was reviewed by Isaacs in 2006, who
suggested a ten point plan to reduce antibiotic resistance
in neonatal units [7,8]. The appropriate use of antibiotics
was scored as ‘very important’ by 77% of participants, but
their antibiotic strategy prior to receiving blood culture results differed widely: one third start with a single antibiotic, half start with two antibiotics, and 18% with three
antibiotics. In only 37% of the participating centres was
the choice of antibiotic(s) based on a written departmental
protocol. These inter-hospital variations suggest a need for
higher-level guidelines [24].
The report of a conference on potential use of chlorhexidine in low-resource settings [25] notes that, studies
of chlorhexidine have focused on three primary uses:
a) intrapartum vaginal and neonatal wiping, b) neonatal
wiping alone, and c) umbilical cord cleansing. Studies of
chlorhexidine vaginal and infant wipes have not shown reductions in perinatal mortality and morbidity [26,27]. Data
from three cluster-randomized trials, however, demonstrate that a single application of 4% chlorhexidine to the
umbilical cord stump following delivery reduces the incidence of omphalitis and neonatal mortality, especially in
preterm newborns [28]. This intervention, which is safe
and inexpensive and requires minimal training and skill,
should be considered for home births. The WHO currently recommends dry cord care for newborns [11], and
this practice is the standard of care in Vietnamese hospitals. It remains to be demonstrated if the application of 4%
chlorhexidine to the umbilical cord stump following
hospital deliveries could be effective in improving neonatal
outcomes.
Seventy-eight percent of attendees considered physical
examination to be an appropriate method of detecting
infection, while only 63% considered biochemical examination (CRP) to be an appropriate method, and 40%
considered culture to be appropriate. The reasons behind these views were not formally investigated as part
of this study. Our experience of working in low resource
settings suggest a number of possibilities, including lack
of 24-hour access to laboratory services and the frequent
failure to successfully culture organisms from neonates
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who have clear signs of infection. In these circumstances, clinicians are forced to make a prompt diagnosis
based on clinical signs and treat presumptively.
Some limits of this study need to be considered. This
survey, while achieving near-complete coverage of the majority of provincial-level hospitals in south and south central Vietnam, was based on a convenience sample that
included a limited number of participants with different
professional backgrounds and roles. The majority of participants, however, were considered local experts in neonatal infections and had responsibilities for neonatal
infection control in their hospitals. Their opinions are
therefore highly relevant.
While information from this survey identifies issues
which may need to be addressed during any hospitalbased intervention, the final content of an intervention
must be guided by the actual circumstances in the target
hospitals. The descriptive data provided by each hospital
as part of this study is too limited to provide a detailed
prescription. A first step in any hospital where intervention is planned is likely to include early introduction of
universal protocols for low-cost interventions such as
initial hand washing and subsequent use of alcoholbased handrubs, and advocacy of early skin to skin contact and initiation of breastfeeding, while at the same
time establishing data collection systems that can provide local epidemiological information about neonatal
infectious disease.

Conclusions
Our survey reveals that infections are reported to be a
leading cause of neonatal mortality (an average of 25%
of all cases) in provincial hospitals in south and south
central Vietnam. Some strategies previously identified by
international health agencies as milestones in the prevention of neonatal infections, such as hand washing,
exclusive breastfeeding and safe disposal of medical
waste, were rated as ‘very important’ by almost all local
healthcare providers. Conversely, other issues deemed as
relevant for infection prevention in low-resource settings, such as family contact, kangaroo-mother-care,
limitation of invasive procedures, and screening for maternal GBS infection, appeared to be under-appreciated.
Education through instructional posters and written
guidelines, while strongly advocated by agencies involved
in international programs in low-resource countries, was
considered to be relatively unimportant in our sample.
While there is a great need for continued research on
cost-effectiveness of key interventions in setting with
limited resources, understanding the prior opinions of
clinicians involved in maternal and neonatal health can
contribute to better design and implementation of intervention programs.
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