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s u m m a r y 

Background: Carbapenem-resistant Enterobacteriaceae (CRE) is an increasing problem worldwide, but par- 

ticularly problematic in low- and middle-income countries (LMIC) due to limitations of resources for 

surveillance of CRE and infection prevention and control (IPC). 

Methods: A point prevalence survey (PPS) with screening for colonisation with CRE was conducted on 

2233 patients admitted to neonatal, paediatric and adult care at 12 Vietnamese hospitals located in north- 

ern, central and southern Vietnam during 2017 and 2018. CRE colonisation was determined by culturing 

of faecal specimens on selective agar for CRE. Risk factors for CRE colonisation were evaluated. A CRE 

admission and discharge screening sub-study was conducted among one of the most vulnerable patient 

groups; infants treated at an 80-bed Neonatal ICU from March throughout June 2017 to assess CRE ac- 

quisition, hospital-acquired infection (HAI) and treatment outcome. 

Results: A total of 1165 (52%) patients were colonised with CRE, most commonly Klebsiella pneumoniae 

( n = 805), Escherichia coli ( n = 682) and Enterobacter spp. ( n = 61). Duration of hospital stay, HAI and treat- 

ment with a carbapenem were independent risk factors for CRE colonisation. The PPS showed that the 

prevalence of CRE colonisation increased on average 4.2% per day and mean CRE colonisation rates in- 

creased from 13% on the day of admission to 89% at day 15 of hospital stay. At the NICU, CRE colonisa- 

tion increased from 32% at admission to 87% at discharge, mortality was significantly associated (OR 5 ·5, 

P < 0 ·01) with CRE colonisation and HAI on admission. 
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Conclusion: These data indicat  

rapid transmission to hospitalis
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Introduction 

Antimicrobial resistance is increasing worldwide, eroding the

possibility to treat infections 1 . Carbapenem-resistant Enterobacte-

riaceae (CRE) cause infections that do not respond to standard an-

tibiotic treatment 2 , 3 . Global spread of CRE is increasing rapidly 4–6 

and 

7 guidelines for infection prevention and control (IPC) mea-

sures to prevent this has been prioritised by the WHO, 8 ECDC 

9 

and CDC. 10 Except for improvement in IPC measures, development

of new antibiotics active against CRE are urgently needed. 10 , 11 

There is a strong correlation between colonisation with CRE and

hospital-acquired infections (HAI) caused by CRE 12–14 and it has

been shown that CRE colonisation and subsequent infection is as-

sociated with increased mortality. 15 , 16 

High rates of infections caused by extended-spectrum β-

lactamase-(ESBL A + M 

) producing Enterobacteriaceae, resistant to

3rd generation cephalosporin, but susceptible to carbapenems,

have been reported during many years in Southeast Asia. 17–19 The

extensive use of carbapenems has followed suite and the emer-

gence of CRE can thus be anticipated as a result of this. However,

data on CRE prevalence in Southeast Asia are scarce. Vietnam has

a rapidly developing economy with practically unregulated access

to antibiotics through private pharmacies, and the use of antibi-

otics in the community is widespread, facilitating the emergence

of resistant bacteria. Hospitals are crowded and resources for im-

plementation of IPC are often lacking . A HAI prevalence of 30%

was shown in the VINARES survey in intensive care units (ICUs)

at 16 Vietnamese hospitals. 20 , 21 Klebsiella pneumoniae (of which

55% were carbapenem-resistant) was the most common aetiology

in paediatric ICUs. 20 In adult ICUs, Acinetobacter baumannii, Pseu-

domonas aeruginosa and K. pneumoniae had carbapenem-resistance

rates of 89%, 56%, and 15%, respectively. 20 Whole-genome sequenc-

ing of carbapenem-resistant K. pneumoniae (CRKP), revealed a high

prevalence of the carbapenemase KPC-2 and increasing colistin re-

sistance due to chromosomal mutations 22 and the mcr-1 gene, 23 

severely limiting treatment options for serious HAIs caused by K.

pneumoniae. The high frequency of CRKP 20 initiated further surveil-

lance of CRE colonisation to determine the dissemination at coun-

try, region, hospital and ward levels. 

The aims of this study were to study the prevalence and risk

factors for CRE colonisation among patients admitted to Viet-

namese hospitals, and to measure the transmission and burden of

CRE among new-born children admitted to a neonatal ICU. 

Methods 

Carbapenem-resistant enterobacteriaceae point prevalence study 

(CRE-PPS) 

Setting 

Surveys were conducted in 63 wards at 12 Vietnamese hos-

pitals. The participating hospitals were largely recruited from the

previous VINARES study network, with a geographic spread cover-

ing northern, central and southern Vietnam. 20,21 

Study performance 

To assess the epidemiology of CRE, screening of CRE carriage

was performed among patients admitted to participating units
e that there is an epidemic spread of CRE in Vietnamese hospitals with

ed patients. 

). Published by Elsevier Ltd on behalf of The British Infection Association.

This is an open access article under the CC BY-NC-ND license.

( http://creativecommons.org/licenses/by-nc-nd/4.0/ )

y rectal swabs. The surveys were conducted from March 2017

hrough September 2018. In each participating hospital the PPS

as conducted during 1–3 days depending on the capacity of the

linical microbiological laboratory. 

The surveys were made in collaboration with each hospital and

ts infection control unit. A basic standard case report form (CRF),

esigned according to the needs of the hospital, was used. The fol-

owing information was requested from all patients: type of ward

nd number of days of admission on the day of screening. An ex-

ended protocol was used for a subset of patients including the fol-

owing data: patient ID, gender, date of birth, source of admission,

eason for admission, infection diagnosis, HAI, invasive procedures,

nd antibiotic treatment. These latter data were used for analy-

is of risk factors for CRE colonisation. The research team provided

raining for screening and clinical data collection as well as guid-

nce during implementation. Allocated hospital staff conducted the

creening and laboratory work. 

Inclusion criteria : Patients treated at/admitted to a participating

ospital ward on the day of the CRE-PPS. 

Exclusion criteria : Anal atresia or other reasons for failure to col-

ect the rectal swab sample on the day of screening or non-consent

y adult patient, caretaker, legal guardian or relative. In the ICU

etting, consent was on opt-out basis as it was considered impor-

ant from the infection control point of view to have as complete

ata as possible regarding CRE colonisation. All patients and/or rel-

tives were informed about the screening process and their right

o decline participation. 

ub-study: transmission and burden of CRE on an 80-bed NICU 

Setting : An 80-bed neonatal ICU (NICU) in a tertiary care paedi-

tric hospital in northern Vietnam serving a population of approx-

mately 40 million people. 

Performance of the study : Faecal specimens were collected by

ectal swabs on admission and discharge of all admitted neonates

etween March and June 2017. The samples were analysed at the

ospital’s clinical microbiological laboratory. The following data

ere collected from each patient: patient ID, gender, date of birth,

ource of admission, reason for admission, infection diagnosis, HAI,

nvasive procedures, antibiotic treatment and treatment outcome.

ates of HAI and treatment outcome in relation to CRE colonisa-

ion were determined. 

Inclusion criteria : The inclusion criterion was admission to the

ICU during the study period. 

Exclusion criteria : Anal atresia or other reason for failure to col-

ect the rectal swab sample on the day of screening, opt out con-

ent by caretaker, legal guardian or relative. 

Mortality : Mortality was defined as death in hospital or with-

rawal from treatment due to pessimal prognosis with no further

reatment options. 

efinitions 

HAI was defined according to the European Centre for Disease

ontrol and Prevention (ECDC), as used in the previous VINARES

tudy. 20,24 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 

CRE colonisation according to level of care and type of department. 

Patient type Variable ICU Ward Emergency Total 

Neonatal N Total 247 247 

N CRE + 161 161 

%CRE + 65 65 

N KP 99 99 

N EC 89 89 

Paediatric N Total 391 772 56 1219 

N CRE + 270 376 9 655 

%CRE + 69 49 16 54 

N KP 171 342 4 517 

N EC 117 347 7 471 

Adult N Total 392 318 57 767 

N CRE + 232 115 2 349 

%CRE + 59 36 4 46 

N KP 120 67 2 189 

N EC 72 50 0 122 

Total N Total 1030 1090 113 2233 

N CRE + 663 491 11 1165 

%CRE + 64 45 10 52 

N KP 390 409 6 805 

N EC 278 397 7 682 

CRE colonisation among 2233 patients was evaluated by data col- 

lected from PPS performed at 12 Vietnamese hospitals. The data are 

sorted according to CRE colonisation prevalence in relation to level of 

care and type of department. 

N = number, KP = K. pneumoniae, EC = E. coli . 
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icrobiological analysis 

Faecal samples were collected on ESwabs (Copan, Brescia, Italy),

ransported to the laboratory, and plated on Chrom ID Carba agar

lates (BioMérieux, Marcy-l’Étoile, France). 25 , 26 The samples were

ncubated for 16–24 h before reading. In the CRE-PPS, species de-

ermination was performed with VITEK 2 (BioMérieux) and suscep-

ibility testing was performed by using either VITEK 2 or disk dif-

usion, depending on the routine in the respective laboratory and

n agreement with CLSI guidelines. In the sub-study on the 80-bed

ICU, only VITEK 2 was used for species determination and sus-

eptibility testing according to CLSI guidelines. The microbiological

nalyses were supervised by the study team in all laboratories. A

hoto was taken from all plates, stored and submitted to the study

eam in case of uncertainty. 

tatistical analysis 

CRE-PPS: Risk factors for CRE colonisation were analysed with

nivariate analysis using χ2 -tests, odds ratio (OR), and 95% confi-

ence intervals (CI). All significant variables in the univariate anal-

sis ( P < 0 ·05) were included in a multivariate regression analysis

sing binary logistic regression. The analysis was based on cases of

nique patients. A p-value < 0 ·05 was considered significant. SPSS

2.0 was used for all statistical calculations. 

Sub-study: Transmission and burden of CRE on an 80-bed NICU :

ince CRE on admission and HAI at discharge were correlated, we

tratified by CRE on admission and constructed two separate logis-

ic regression models. Analysis was performed to assess risk factors

or mortality in relation to CRE colonisation using uni- and multi-

ariate analyses. 

thical approval 

Ethical approval was obtained from the Vietnam National Chil-

ren Hospital (VNCH) Ethics Committee reference number 812/QD-

VNTU, 23rd March 2017. The VNCH Ethics Committee is a sub-

ommittee of the Ministry of Health Ethics Council and its approval

xtends to other hospitals in Vietnam. The ethics committees of all

ospitals participating in the survey were provided with and ac-

epted the VNCH’s ethical approval. 

esults 

RE-PPS 

Of the 2233 patients screened, 1165 (52%) were colonised with

RE ( Table 1 ). The most frequent bacterial species were K. pneumo-

iae followed by E. coli and Enterobacter spp ( Table 2 ). 

The CRE colonisation prevalence was 13% among patients ad-

itted the same day as the screening was performed (Day 0). Cor-

esponding prevalence figures were 45% on Day 3 and 89% on Day

5. The prevalence of CRE colonisation increased on average 4.2%

er day ( Fig. 1 ). 

CRE colonisation rates differed between levels of care and was

ighest on the ICUs ( Tables 1 and 2 ) followed by general wards,

dult and paediatric emergency wards ( Tables 1 and 2 ). Sixty-four

ercent of the patients admitted to an ICU were colonised with

RE ( Table 1 ). The highest CRE colonisation rate (83%) was re-

orted from a central hospital NICU and the lowest (4%) at an adult

mergency care unit where most patients entered the ward di-

ectly from the community ( Table 2 ). At one central hospital NICU,

creening for colonisation with CRE was performed twice, the first

n 2017 and the second in 2018. The frequency of colonisation on

his NICU increased from 67% to 83% over the 12–month period. A
imilarly rapid increase in colonisation was observed on a paedi-

tric provincial hospital, increasing from 29% to 53% in 16 months,

nd on an adult ICU where the frequency of CRE colonisation in-

reased from 54% to 71% in 8 months ( Table 2 ). 

Characteristics of the patients and univariate analysis of risk

actors for CRE colonisation are shown in Table 3A . Multivariate

nalyses of risk factors for CRE colonisation are based on com-

lete care data from 1173 of all 2233 patients showed the fol-

owing significant risk factors for colonisation with CRE: long du-

ation of hospital stay, HAI and treatment with a carbapenem

 Table 3B ). 

ub-study: transmission and burden of CRE on an 80-bed NICU 

Of a total of 328 neonates, 279 (85%) were referred from an-

ther hospital, where the average length of stay in the referred

ospital before admission to the NICU was 8 ·2 days. The preva-

ence of colonisation with CRE increased from 32% at ICU admis-

ion to 88% at discharge. On average, neonates colonised with CRE

ad 9 days longer hospital stay. Patient characteristics are shown

n Table 4 . The length of NICU stay was significantly ( P < 0 ·001)

onger for patients colonised with CRE on admission and discharge

16 ·4 and 14 ·9 days, respectively), compared to non-CRE colonised

atients on admission and discharge (9 ·3 and 3 ·2 days, respec-

ively). The overall mortality was 25%, HAI on admission and HAI

t discharge were significantly and independently associated with

ortality ( P < 0 ·01). Mortality was significantly higher (univari-

te analysis) among patients CRE colonised at admission compared

o non-colonised, 43% and 28%, respectively ( Table 4 ). CRE coloni-

ation is a prerequisite for infection caused by CRE. It cannot be

xpected, to be a causal relationship between CRE-colonisation it-

elf and mortality. Thus, since CRE at admission and HAI at dis-

harge were correlated, we stratified by CRE on admission and

erformed two separate logistic regression models. When strat-

fied by CRE colonisation on admission, there was more than a

ve-fold increased mortality risk for patients with CRE colonisa-

ion and HAI on admission as compared to no independent in-

reased risk for patients negative for CRE but HAI on admis-
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Table 2 

CRE colonisation among 2233 patients was evaluated by data collected from PPSs performed at 12 Vietnamese hospitals. 

Hospital Type Location Level Area Year CRE + (N) All (N) CRE + (%) KP (N) EC (N) EB (N) 

1 Neo Central NICU (1) ∗ North 2018 49 59 83 39 28 5 

2 Neo City NICU (1) North 2017 32 41 78 16 17 4 

1 Ped Central ICU’s (3) North 2018 37 50 74 19 13 8 

6 Ped Central PICU (2) South 2017 33 45 73 27 14 

1 Ped Central ICU’s (6) North 2017 178 246 72 110 84 6 

11 Adult City ICU (1)# South 2018 30 42 71 25 16 

5 Adult Provincial ICU (1) Middle 2018 29 42 69 12 15 16 

12 Adult Central ICU (1) South 2017 22 32 69 

2 Adult City MICU (1) North 2017 25 37 68 14 6 

1 Neo Central NICU (1) ∗ North 2017 39 58 67 38 11 1 

10 Adult Provincial ICU (1) Middle 2017 37 60 62 23 6 

8 Adult Central MICU (1) North 2017 24 40 60 21 5 

1 Ped Central Wards (28) North 2017 230 395 58 244 274 9 

5 Ped Provincial PICU (1) Middle 2018 11 19 58 5 4 2 

2 Adult City SICU (1) North 2017 18 33 55 8 6 

11 Adult City ICU (1)# South 2018 22 41 54 10 7 

3 Ped Provincial Wards (10) ∗∗ North 2018 95 178 53 69 49 

9 Adult Central Wards (4) North 2017 21 43 49 17 6 1 

7 Neo City NICU (1) North 2017 34 73 47 1 33 

5 Neo Provincial NICU (1) Middle 2018 7 16 44 5 1 

9 Adult Central MICU (1) North 2017 25 65 38 7 11 

11 Adult City Wards (14) South 2018 90 240 38 46 44 

2 Ped City PICU (1) North 2017 11 31 35 10 2 1 

3 Ped Provincial Wards (10) ∗∗ North 2017 34 118 29 21 17 

4 Ped Provincial Wards (2) North 2017 17 81 21 8 7 7 

1 Ped Central Emergency (1) North 2017 9 56 16 4 7 

9 Adult Central Wards (3) North 2017 4 35 11 4 

9 Adult Central Emergency (1) North 2017 2 57 4 2 

Total 1165 2233 52 805 682 61 

The data are sorted according to CRE colonisation in relation to hospital, patient group, hospital location, level of care, area and year of study. 

N = number KP = K. pneumoniae EC = E. coli EB = Enterobacter spp . Repeated PPS: ∗NICU 12 months apart; ∗∗Provincial paediatric hospital 16 

months apart; #Adult ICU 8 months apart. 

Fig. 1. CRE prevalence in relation to days of hospital admission. 

Note: Days of hospital admission are the number of days a patient was admitted to the hospital before the day of the PPS. Patients admitted more than 15 days (172/1042, 

16 ·5%) were not included in the analysis. 
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sion ( Table 5 ). There was a 3 ·7-fold independent increased mor-

tality risk for patients negative for CRE on admission but suf-

fering from HAI and colonised with CRE at discharge ( Table 5 ).

All patients diagnosed with HAI were colonised with CRE at dis-

charge. The most common antibiotics used prior to admission were

cephalosporins followed by aminoglycosides and carbapenems. The

most common antibiotics used during hospital stay were aminogly-

cosides followed by cephalosporins, penicillins, carbapenems and
colistin. o  
iscussion 

ain findings 

This study showed that a mean of 52% of patients admitted

o hospitals throughout Vietnam were colonised with CRE. Mean

RE colonisation rates increased from 13% on the day of admis-

ion to 89% at Day 15 of hospital stay. Apart from long duration

f hospital stay, risk factors for CRE colonisation were HAI, and
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Table 3A 

Risk factors for CRE colonisation ( n = 1 ·173) included in PPSs performed at 12 Vietnamese hospitals, determined by univariate statistics. 

Variable CRE − CRE + All p -value 

Average age (years) 33.9 38.9 34.4 < 0.01 

Duration hospital stay (days) 5.5 16.2 9.9 < 0.01 

Variable CRE − (N) CRE − (%) CRE + (N) CRE + (%) Total (N) p -value 

Male 296 52 274 48 570 0.65 

Female 189 53 165 47 354 0.65 

Admission Hospital 211 50 213 50 424 0.32 

< 48 h in hospital 275 61 175 39 450 < 0.01 

> 48 h in hospital 247 47 280 53 527 < 0.01 

K. pneumoniae 0 0 260 100 260 < 0.01 

E. coli 0 0 179 68 263 < 0.01 

Children 295 58 213 42 508 .03 

Adults 310 47 355 53 665 .03 

Pre-term 40 33 80 67 120 < 0.01 

Full-term 69 67 34 33 103 < 0.01 

Caesarean 42 65 23 35 65 .82 

Vaginal 65 66 33 34 98 .82 

ICU 304 46 350 54 654 < 0.01 

Wards 300 58 218 42 518 < 0.01 

Neonatal ICU 98 47 111 53 209 0.14 

Paediatric ICU 62 47 69 53 131 0.30 

Paediatric wards 134 80 33 20 167 < 0.01 

ICU-Adult 154 47 173 53 327 0.06 

Adult wards 447 54 387 46 834 0.03 

HAI 66 31 144 69 210 < 0.01 

Peumonia HAI 31 32 65 68 96 < 0.01 

Sepsis HAI 14 27 38 73 52 < 0.01 

CVC 84 48 92 52 176 0.65 

PVC 345 50 351 50 696 0.22 

Intubation 132 40 201 60 333 < 0.01 

Carbapenem use 56 30 130 70 186 < 0.01 

Cephalosporin use 260 53 229 47 489 0.13 

Aminoglycoside use 93 48 100 52 193 0.48 

Fluoroquinolone use 62 39 98 61 160 < 0.01 

Colistin use 9 22 32 78 41 < 0.01 

Table 3B 

Multivariate analysis. 

Variable CRE − CRE + All Multivariate p -value ∗∗ Odds ratio CI 95% CI 95% 

Treatment-time (days) 5.5 16.2 9,9 < 0.01 1.033 1.019 1.047 

Variable CRE − (N) CRE − (%) CRE + (N) CRE + (%) Total (N) Multivariate p -value ∗∗ Odds ratio CI 95% CI 95% 

Children 295 58 213 42 508 .187 .803 .580 1.112 

ICU 304 46 350 54 654 .53 .90 .65 1.26 

HAI 66 31 144 69 210 .01 1.74 1.16 2.59 

Intubation 132 40 201 60 333 .17 1.25 .91 1.72 

Carbapenem use 56 30 130 70 186 . < 0.01 1.79 1.20 2.68 

Fluoroquinolon use 62 39 98 61 160 .91 .98 .65 1.46 

Colistin use 9 22 32 78 41 .52 1.31 .57 3.02 

Risk factors for CRE colonisation ( n = 1 ·173) included in PPSs performed at 12 Vietnamese hospitals, determined by multivariate analysis. To sustain the power for 

multivariate analysis larger compound variables were created including ICU vs wards as well as adults vs children. 
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arbapenem treatment. This virtually nationwide screening survey

t 12 hospitals in Vietnam including 2233 patients indicated that

he rapid colonisation with CRE among Vietnamese in-patients has

eached epidemic proportions. Mortality risk associated with CRE

olonisation was measured among one of the most vulnerable pa-

ient groups; infants treated on a NICU in a tertiary care hospital.

eonates that already had HAI and CRE colonisation on transfer

o the NICU had an increased mortality risk which agrees with

ther studies. 15 , 27–29 CRE colonisation places a major burden on

he healthcare system due to the increased risk of HAI caused by

RE and associated increased mortality. 12–15 , 29 

As yet there are no coordinated programmes for hospital ad-

ission screening for multidrug resistant bacteria, including CRE,

n Vietnam, Hence, data on resistance are based on reports of clin-

cal cultures that may be biased due to skewed selection of cul-
ures (e.g. overrepresentation of severe patients and those with

reatment failure), but this PPS reflects the true prevalence of CRE

olonisation in Vietnamese hospitals. 

The current situation at Vietnamese hospitals with about half of

ospital patients being colonised with CRE indicates a widespread

RE problem. Similar high colonisation rates have previously been

eported from single centres, and a few countries but data are

carce from South East Asia. 15 , 30 , 31 ). Increased hospital stay and

ortality was shown to be associated with CRE infection in a re-

ent published study. 32 In hospitals that were screened both 2017

nd 2018, the increase in CRE prevalence was considerable. This

ndicates that improvement in IPC measures is urgent, otherwise

e may not have seen the peak of this hospital epidemic. We did

ot consider the prevalence of CRE in the community in this study,

ut data from the emergency ward shortly after admission showed
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Table 4 

Admission and discharge screening for CRE colonisation was performed on 329 patients on an 80-bed NICU at a Vietnamese hospital. 

Survived (N) Survived (%) Mortality (N) Mortality (%) Total (N) Univariate p -value ∗

Crude mortality 240 75 81 25 321 

CRE + admission 46 57 35 43 81 0 ·01 

CRE- admission 173 72 66 28 239 

CRE + discharge 154 73 58 27 212 0 ·18 

CRE- discharge 26 84 5 16 31 

CRE acquisition 109 78 30 22 139 0 ·17 

No CRE acquisition 110 71 44 29 154 

Female 91 79 24 21 115 0 ·16 

Male 144 72 55 28 199 

≥7 days treatment 56 62 34 38 90 < 0.01 

< 7 days treatment 165 81 38 19 203 

Preterm 87 65 46 35 133 < 0.01 

Full-term 146 82 32 18 178 

Caesarean section 115 80 28 20 143 0 ·11 

Vaginal delivery 116 73 44 28 160 

RDS 136 70 59 30 195 0 ·01 

Congenital heart disease 18 55 15 45 33 0 ·01 

Hyperbilirubinaemia 25 96 1 3.8 26 0 ·01 

Pneumonia 51 76 16 24 67 0 ·77 

Sepsis 30 65 16 35 46 0 ·11 

PDA 8 57 6 43 14 0 ·12 

Asphyxia 5 83 1 17 6 0 ·63 

Intraventricular haemorrhage 4 100 0 0 4 0 ·24 

Gastroenteritis 9 100 0 0 9 0 ·08 

AB use before admission 146 73 53 27 199 0 ·46 

HAI admission 46 53 40 47 86 < 0.01 

KPC 32 58 23 42 55 0 ·01 

KP resistant to Gentamicin 25 60 17 40 42 0 ·08 

KP resistant to Amikacin 19 54 16 46 35 0 ·01 

KP resistant to Colistin 1 33 2 67 3 0 ·11 

Intubation 76 72 30 28 106 0 ·34 

CVC 42 75 14 25 56 1 ·00 

PVC 139 78 40 22 179 0 ·18 

Invasive arterial line 25 64 14 36 39 0 ·09 

AB use after admission 207 74 73 26 280 0 ·37 

Cephalosporins 95 76 30 24 125 0 ·68 

Penicillins 88 83 18 17 106 0 ·02 

Carbapenems 51 61 32 39 83 < 0.01 

Aminoglycosides 118 78 33 22 151 0 ·12 

Colistin 6 29 15 71 21 < 0.01 

Culture confirmed HAI 25 56 20 44 45 < 0.01 

HAI discharge 64 55 52 45 116 < 0.01 

HAI pneumonia 48 58 35 42 83 < 0.01 

HAI sepsis 34 55 28 45 62 < 0.01 

Patient characteristics and CRE colonisation are shown in relation to mortality. 

RDS – Respiratory Distress Syndrome, PDA – Persistant Ductus Arteriousus, KP = K. pneumoniae, CVC-Central Venous Catheter, PVC- 

Peripheral Venous Catheter, AB – Antibiotic. 

Table 5 

CRE colonisation and mortality among patients admitted to an 80-bed NICU during March–May 2017. 

CRE admission Crude mortality (N) Survived (N) Crude mortality (%) Sig. OR 95% C.I. 

Lower Upper 

Negative HAI admission 16 30 35 ·98 0 ·99 ·40 2 ·45 

No HAI 32 142 18 

HAI discharge 25 21 54 < 0.01 3 ·71 1 ·61 8 ·56 

No HAI 40 133 23 

Preterm 27 59 31 ·03 2 ·57 1 ·1 + 6 ·02 

Full term 18 108 14 

Admission ≥ 7 days 17 40 30 ·96 1 ·03 ·43 2 ·43 

Admission < 7 days 24 118 17 

Positive HAI admission 24 11 69 < 0.01 5 ·48 1 ·84 16 ·35 

No HAI 14 52 21 

HAI discharge 23 43 50 ·02 4 ·05 1 ·28 12 ·89 

No HAI 8 27 23 

Preterm 19 28 40 ·51 1 ·41 ·52 3 ·85 

Full-term 14 38 27 

Admission ≥ 7 days 17 16 52 ·34 1 ·69 ·57 4 ·99 

Admission < 7 days 14 47 23 

Multivariate analysis : Since the effect of HAI at discharge is modified by CRE on admission, we stratified by CRE on admission and performed 

two separate logistic regression models (see the table). 
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 significantly lower prevalence compared to that on the general

ard and ICU. The high CRE colonisation rate among hospital pa-

ients results in a high risk for spread within the family and com-

unity when CRE colonised patients are discharged. 33 Implemen-

ation of IPC strategies is particularly important when neonates are

ischarged, since parents and others in the household take care of

hem and their faeces (changing diapers), which may lead to trans-

ission of CRE within the family and near environment. 

What can be done to reduce colonisation and prevent in-

ections caused by CRE? - WHO, ECDC 

9 and CDC have pub-

ished guidelines and recommend multimodal IPC strategies for

arbapenem-resistant Gram-negative bacteria. 8–10 , 34 Early detec- 

ion of CRE colonisation is crucial, as is isolation in a single room

r cohort care with patients colonised by the same strain. This

ultimodal strategy has been successful in one high income coun-

ry (Israel), reducing the spread of CRE in both acute care hospi-

als and long-term care facilities 35 , 36 . In Vietnam, a lower-middle-

ncome country with limited resources, cohort care is the only op-

ion due to lack of isolation rooms and a very high prevalence of

RE-colonised patients. 

CRE infections are difficult to treat and the risk of treatment

ailure is high. 27 , 28 Thus, rapid cost-effective microbiological di-

gnostics to reduce therapeutic failure and optimisation of treat-

ent for patients with a severe Gram-negative bacterial infection

s needed. Unfortunately, this is not available in most hospitals

n Vietnam, but by faecal screening, CRE-colonised patients which

ave increased risk of nosocomial infections due to CRE can get

arlier appropriate treatment against HAI. 

The strength of this PPS study was the large number of pa-

ients included, providing significant results regarding prevalence

f and risk factors for CRE colonisation. We performed the study

sing selective ESBL-carba plates at a very low cost. There are sev-

ral limitations of the study including the lack of genotyping data

rom all hospitals, but this was not feasible in the PPS-study due to

ost and limited laboratory capacity. Some of the hospitals could

ot provide all clinical data in time for the manuscript prepara-

ion and was not included in the risk analysis for CRE-colonisation,

ut these analyses are based on 1173 patients with clinical data,

hus not biased by delayed reporting. Another limitation is that

e included mainly national level hospitals and departments with

igh risk for nosocomial infections e.g. ICU’s and these data are

ot representative for all levels of care in Vietnam. However, the

PS data are representative for the wards assessed and possibly for

ther similar wards at the same level of care. We were not able to

rovide comprehensive data on the aetiology of HAI due to low

ompliance in taking cultures before starting antibiotic treatment.

owever, previous studies have shown that there is a strong corre-

ation between colonisation with CRE and HAI caused by CRE. 12–14 

In this paper we report an epidemic spread of CRE on 63 wards

n 12 Vietnamese hospitals. Colonisation of hospitalised patients is

apid, increasing for each day of hospitalisation. CRE colonisation

nd HAI are associated with increased mortality, increased risk of

reatment failure and thereby healthcare costs. IPC measures in-

luding cohort care should be implemented to limit HAIs caused

y CRE. 

This study shows that large-scale epidemiological surveillance

f CRE using affordable methods is possible in low- and middle-

ncome countries. It is imperative that awareness of the epidemio-

ogical situation is raised if we are to see an increase in the imple-

entation of IPC strategies. 
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