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ABSTRACT
Objectives  To assess the incidence and the impact of 
carbapenem-resistant Acinetobacter baumannii (CRAB) 
intestinal carriage on subsequent CRAB infection and to 
study risk factors of acquiring CRAB intestinal carriage 
among patients in intensive care unit (ICU).
Design  Observational study including a case–control 
study and a retrospective cohort study.
Setting  A 50-bed general ICU of a university hospital, 
China.
Methods  From May 2017 to April 2018, an observational 
study was conducted in a 50-bed general ICU of a 
university hospital in China. Rectal swabs were collected 
from ICU patients on admission and thereafter weekly. 
A case–control study was performed to analyse risk 
factors of the acquisition of CRAB intestinal carriage in 
ICU using multiple logistic regression. A retrospective 
cohort study was performed to address whether intestinal 
CRAB carriage could lead to an increased likelihood of 
subsequent CRAB infection using subdistribution hazard 
model regarding death in the ICU as a competing risk 
event.
Results  CRAB intestinal carriage was detected in 6.87% 
(66/961; 95% CI 5.27% to 8.47%) of patients on ICU 
admission, whereas 11.97% (115/961; 95% CI 9.91% 
to 14.02%) of patients acquired CRAB intestinal carriage 
during the ICU stay. Pancreatitis (OR 2.16, 95% CI 1.28 to 
3.67), haematological disease (OR 2.26, 95% CI 1.42 to 
3.58), gastric tube feeding (OR 3.35, 95% CI 2.03 to 5.51) 
and use of carbapenems (OR 1.84, 95% CI 1.11 to 3.07) 
were independent risk factors for acquiring CRAB intestinal 
carriage. The incidence of subsequent CRAB infection was 
2.24-fold in patients with CRAB intestinal carriage compared 
with that in patients without (95% CI 1.48 to 3.39, p<0.001).
Conclusion  More patients acquired CRAB intestinal 
carriage during their ICU stay than had on admission. 
Severity of illness, acute pancreatitis, tube feeding and 
use of carbapenems were independent risk factors of 
acquisition of CRAB intestinal carriage. Patients with 
CRAB intestinal carriage are more likely to develop CRAB 
infection.

BACKGROUND
Acinetobacter baumannii is one of the most 
common nosocomial pathogens in Asia and 
South America.1 A systematic review has 
revealed that A. baumannii accounted for 
11.28% of nosocomial infections in general 
hospitals in China, making it the third 
most common nosocomial pathogen,2 and 
carbapenem-resistant A. baumannii (CRAB) 
has emerged worldwide. As early as 2013, the 
US Centers for Disease Control and Preven-
tion listed multidrug-resistant A. baumannii 
(MDRAB) including CRAB as a serious 
threat,3 and the WHO listed CRAB as one 
of the three most critical threats in a global 
drug-resistant warning in 2017.4 The prev-
alence of A. baumannii and its resistance to 
carbapenems varies from country to country. 
For instance, the European Bacterial Resis-
tance Surveillance Report shows that the 

Strengths and limitations of this study

►► This observational study contains a combination of 
a case–control study for analysing risk factors of the 
acquisition of carbapenem-resistant Acinetobacter 
baumannii (CRAB) intestinal carriage in intensive 
care unit (ICU) and a retrospective cohort study to 
address whether intestinal CRAB carriage was asso-
ciated with subsequent CRAB infection.

►► The competing risk of death in ICU was considered 
using a well-established model.

►► This is a single-unit study and the findings may not 
necessarily generalise well to other settings.

►► A culture-based method was used to screen CRAB, 
which is less sensitive than PCR-based methods.

►► Only rectal swabs were collected for screening CRAB 
and some CRAB carriers might have been missed.
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rate of Acinetobacter resistant to carbapenem in Europe 
in 2017 was 33.4% (95% CI 32% to 35%), but it was as 
high as 96.2% in Croatia (95% CI 92% to 98%).5 In the 
USA, 49.5% of A. baumannii is resistant to carbapeems, 
while in Singapore, India and Pakistan, it is 50%, 85% 
and 62%–100%, respectively.6 7 The prevalence of CRAB 
is also very high in China. The surveillance data released 
by China Antimicrobial Surveillance Network (http://​
chinets.​com/​Chinet), a national network in China, have 
shown that 77.1% and 78.1% of A. baumannii isolates 
resistant to imipenem and meropenem, respectively.8

Infections caused by CRAB can lead to serious conse-
quences. A previous study has demonstrated that patients 
with CRAB infection had longer average length of stay 
(LOS) in intensive care unit (ICU) (13.1 vs 10.5 days) and 
US$11 359 higher average in-hospital costs than those 
with carbapenem-susceptible A. baumannii (CSAB) infec-
tion.9 Another previous study has found that the mortality 
rate of patients with CRAB infection is 2.22-fold that of 
patients with CSAB infection.10 A case–control study 
conducted by our team have also shown that the 28 day 
survival rate of patients with bloodstream CRAB infection 
was 66.17%, lower than the 96.95% of those with blood-
stream CSAB infection.11

It is well known that A. baumannii including CRAB may 
colonised in the respiratory tract of hospitalised patients, in 
particular those with mechanical ventilation.12 13 The colo-
nisation of CRAB in the respiratory tract has been found as a 
major risk factor for subsequent CRAB infection.14 However, 
ICU patients may carry CRAB in intestine on admission or 
acquire CRAB during the ICU stay.15 Patients with intes-
tinal carriage of multidrug resistant organisms (MDRO), 
in particular carbapenem-resistant Enterobacteriaceae (CRE), 
may sever as a reservoir for further dissemination in ICU16 
and could be associated with an increased risk of subse-
quent MDRO infections.17 Therefore, active screening the 
carriage of CRE, which is usually performed using rectal 
swabs, has been recommended as a core component of the 
infection control bundle.7 However, by contrast to CRE, the 
prevalence of CRAB intestinal carriage among ICU patients 
is much less studied and the risk factors of acquisition of 
CRAB intestinal carriage remain largely unknown. In addi-
tion, it remains to be determined whether CRAB intestinal 
carriage leads to increased risks of subsequent CRAB infec-
tion. To address these questions, we therefore conducted 
this study.

METHODS
Study settings
An observational study was conducted in a 50-bed general 
ICU of a 4300-bed university hospital in China. From May 
2017 to April 2018, all patients admitted to the ICU were 
subjected to collecting a rectal swab within 48 hours of 
admission and thereafter weekly. For patients hospitalised 
for less than 3 days, a rectal swab was collected only once 
within 48 hours of admission.

Inclusion and exclusion criteria
Inclusion criteria: This study included all patients who 
were ≥18 years of age, admitted to the ICU and under-
went collection of rectal swabs.

Exclusion criteria: (1) patients who did not receive a 
rectal swab within 48 hours of admission to ICU; or (2) 
patients who were eligible for weekly follow-up collection 
of rectal swabs but did not receive subsequent sampling 
or (3) patients with CRAB infection on admission.

Definitions
Patients with CRAB intestinal carriage were defined 
as those with CRAB isolated from a rectal swab, while 
patient without CRAB intestinal carriage referred to 
those whose swabs were all negative for CRAB during the 
ICU stay. Patients with CRAB isolated from a rectal swab 
collected within 48 hours of ICU admission were defined 
as those with CRAB intestinal carriage on ICU admission. 
The acquisition of CRAB intestinal carriage referred to 
a patient who had a CRAB-negative rectal swab collected 
within 48 hours of ICU admission but had CRAB from 
a swab collected after 48 hours. CRAB infection was 
defined as the growth of CRAB from clinical specimens 
in the presence of clinical manifestations of infection.18 
Subsequent CRAB infection referred to CRAB infection 
developed after the collection of a CRAB-positive rectal 
swab for patients with CRAB intestinal carriage and CRAB 
infection developed after 48 hours admission to the ICU 
for patients without CRAB intestinal carriage.

Screening for CRAB by rectal swabs
For collecting rectal swabs, ready-to-use transport medium 
swabs (HBPT004; Hopebio Biotechnology, Qingdao, 
China) was inserted about 2–3 cm into the patient’s 
anus and then gently rotated. After sampling, the swab 
was inserted into the ready-to-use transport medium 
and transported to the laboratory within 2 hour. Rectal 
swabs were inoculated onto modified CHROMagar Acine-
tobacter colorimetric plates (Chromagar; Paris, France) 
containing 2 mg/L meropenem using the partition-and-
streaking method.19 20 Plates were then cultured at 37°C 
for 18–24 hours.20

Data collection and statistical analysis
In this study, the patient’s demographic data, underlying 
diseases, invasive procedures, medical orders and use of 
antimicrobial agents were retrieved from the electronic 
medical record system. Two professional statisticians 
collaborated to clean the data.

We performed two types of comparison. First, a case–con-
trol study was performed to analyse risk factors of the acqui-
sition of CRAB intestinal carriage in ICU. Patients with 
ICU acquisition of CRAB intestinal carriage were assigned 
to the case group, while those without CRAB intestinal 
carriage during their ICU stay were assigned to the control 
group. All potential factors were initially subjected to the 
univariate analysis. Quantitative data were described by the 
median (IQR) and were then analysed using a rank-sum 
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test. Qualitative data were described by number of cases 
(composition ratio) and were then analysed using the χ2 
test or Fisher exact probability method when applied. All 
variables showing p value less than 0.2 in the univariate anal-
ysis were then included into the multiple logistic regression 
using the forward selection stepwise regression method.21 22 
OR and 95% CI were calculated. The Hosmer-Lemeshow 
method was used to test the goodness-of-fit of the multiple 
logistic model.23

Second, a retrospective cohort study was performed 
to address whether intestinal CRAB carriage could lead 
to an increased likelihood of subsequent CRAB infec-
tion. In this cohort study, the exposed group comprised 
patients with CRAB intestinal carriage either detected on 
ICU admission or acquired during the ICU stay, while 
the non-exposed group consisted of those without CRAB 
intestinal carriage. As the impact of CRAB intestinal 
carriage on subsequent infection may also be influenced 
by other factors such as patient demographics, under-
lying diseases, antimicrobial use and medical operations, 
we included these factors for analysis instead of evalu-
ating CRAB carriage alone. Survival curves (probability 
of CRAB infection) in patients with and without CRAB 
intestinal carriage were mapped using the Fine and Gray 
model regarding death in the ICU as a competing risk 
event.24 25 After introducing the interaction term of time 
and each variable (X*ln (T)) into the Cox model,24 25 the 
proportional hazards hypothesis was tested, and the results 
showed no statistical significance (p<0.05). Therefore, 
subdistribution hazard model was used to obtain subdis-
tribution HRs (SDHRs) and to explore whether CRAB 
intestinal carriage was a risk factor for subsequent CRAB 
infection for competing events (R package ‘cmprsk’). 
The Akaike information criteria were used to select the 
multivariate model.26 We also performed subgroup anal-
yses to investigate whether CRAB intestinal carriage on 
ICU admission and that acquired in ICU had different 
impacts on subsequent CRAB infection using the same 
statistical method as described above. For the subgroup 
analysis, patients with CRAB intestinal carriage on ICU 
admission and those with ICU acquisition of CRAB intes-
tinal carriage were assigned to two exposed subgroups, 
respectively, while those without CRAB intestinal carriage 
were assigned to the non-exposed group.

All statistical analyses were performed using SPSS V.21.0 
(IBM–SPSS, Armonk, New York, USA) and R V.3.5.3 with 
a 0.05 two-sided test level.

Patient and public involvement
Patients were not involved in this study.

RESULTS
Some patients (6.87%) had CRAB intestinal carriage on ICU 
admission and more (12.85%) acquired in ICU
From 1 May 2017 to 30 April 2018, a total of 1605 patients 
were admitted to the ICU, of which 382 (23.8%) were 
not screened during their hospital stay. Of which the 382 

patients, 323 (84.55%) stayed in the ICU for no more 
than 2 days, while the other 59 (15.45%) patients were 
missed for sampling. In addition, 118 patients (118/1605, 
7.4%) were excluded due to inappropriate or incomplete 
sampling including 104 patients whose first rectal swab 
was collected 48 hours after admission and 14 patients 
who were not screened weekly. A total of 144 (144/1605, 
8.97%) had CRAB infection on ICU admission and were 
therefore also excluded. Taken together, a total of 961 
patients (620 men, 64.52% and 341 women, 35.48%) 
were included in the analysis, with an average age of 54 
(44–68) years (figure 1).

Among the 961 patients, 66 (6.87%, 95% CI 5.27% to 
8.47%) had CRAB intestinal carriage on ICU admission. 
For the remaining 895 patients, 115 acquired (12.85%, 
95% CI 10.66% to 15.04%) CRAB intestinal carriage 
during their ICU stay with an average age of 51 (40–70) 
and a 1.61 men/women ratio (71 men and 44 women).

Multiple risk factors of acquiring CRAB intestinal carriage 
were identified
The univariate analysis showed that Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score 
(the patient’s disease severity), respiratory failure, renal 
dysfunction, haematological disease, acute pancreatitis, 
indwelling central venous catheter, gastric tube feeding, 
nebulisation and use of vancomycin, aminoglycosides, 
carbapenems, tigecycline and antifungal agents are risk 
factors for the acquisition of CRAB intestinal carriage in 
the ICU. Multiple logistic regression including all variables 
with p<0.2 in the univariate analysis showed that APACHE 

Figure 1  Patient selection flow algorithm. CRAB, 
carbapenem-resistant Acinetobacter baumannii;ICU, 
intensive care unit.
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II score, pancreatitis, haematological diseases, gastric 
tube feeding and use of carbapenems were independent 
risk factors for acquiring CRAB intestinal carriage during 
the ICU stay (table 1). For APACHE II score, the model 
estimated that the increase of the score by 1 point would 
lead to a 4% increase of the risk of acquiring CRAB intes-
tinal carriage in the ICU. Hosmer-Lemeshow test gener-
ated a 0.73 p value (χ2=5.25, df=8), suggesting adequate 
goodness-of-fit of the multiple logistic model.

CRAB intestinal carriage led to increased risks of subsequent 
CRAB infection
During the study period, 112 of the 961 patients (11.65%, 
95% CI 9.63% to 13.68%) developed CRAB infections 
during the ICU stay. As for the infection type, lower 
respiratory tract infections were the most common 
(n=82, 73.21%), followed by bloodstream infections 
(n=9, 8.04%), surgical site infection (n=8, 7.14%), 
while 13 patients (11.61%) had infections at other sites. 
CRAB intestinal carriage was a risk factor for subsequent 
CRAB infection (HR 2.82, 95% CI 1.94 to 4.09; p<0.001; 
figure 2). The 90-day cumulative probability of no CRAB 
infection in patients with and without CRAB intestinal 
carriage was 69.5.0% (95% CI 43.5% to 95.5%) and 22.3% 
(95% CI 14.7% to 29.9%), respectively (p<0.001). In the 
univariate analysis, CRAB intestinal carriage, APACHE II 
score, respiratory failure, liver dysfunction, haematolog-
ical disease, pancreatitis, mechanical ventilation, place-
ment of a central venous catheter, gastric tube feeding 
and the use of carbapenems were identified as risk factors 
for subsequent CRAB infection. In the Cox multivariate 
analysis, CRAB intestinal carriage was also found to be 
an independent risk factor for subsequent CRAB infec-
tion (HR 2.24, 95% CI 1.48 to 3.39; table  2). Omnibus 
test showed a log-likelihood difference of 79.82 and 
generated a less than 0.001 p value, suggesting adequate 
goodness-of-fit of the Cox model.

To evaluate whether CRAB intestinal carriage on admis-
sion and that acquired during the ICU stay has different 
impact on subsequent CRAB, we performed subgroup anal-
yses. In the subgroup Cox multivariate analysis, both CRAB 

intestinal carriage on admission and that acquired during 
the ICU stay were an independent risk factor for subsequent 
CRAB infection (HR 3.42, 95% CI 1.88 to 6.22 for carriage 
on admission, online supplementary table S1; HR 1.81, 
95% CI 1.15 to 2.86 for acquired carriage, online supple-
mentary table S2). Omnibus test showed log-likelihood 
difference of 66.06 and 74.18, respectively, and generated a 
less than 0.001 p value in the subgroup analysis, suggesting 
adequate goodness-of-fit of the Cox model.

In addition to CRAB intestinal carriage, liver dysfunc-
tion (HR 2.33, 95% CI 1.30 to 4.17) and the use of carbap-
enems (HR 2.21, 95% CI 1.40 to 3.49) were also identified 
as independent risk factors of subsequent CRAB infec-
tion, while the use of cephalosporins (HR 0.45, 95% CI 
0.28 to 0.73) and cephamycins (HR 0.53, 95% CI 0.31 to 
0.90) were protective factors (table 2).

DISCUSSION
In this study, we found that in a region with a high CRAB 
prevalence, 6.87% of patients (83.3% of those patients 
were transferred from other hospitals and 25.8% of them 
were stayed in emergency ICU before admitted to the 
ICU) admitted to the ICU had CRAB intestinal carriage 
on ICU admission, while an additional 11.97% of patients 
acquired CRAB intestinal carriage during the ICU stay. 
The overall CRAB intestinal carriage rate was therefore 
18.84%. This rate was similar with a study conducted in 
Thailand, in which 5.45% (15/275) of patients had intes-
tinal carriage on ICU admission and 13.59% (28/206) 
patients acquired CRAB during their ICU stay15 and 
with another study in Italy,27 in which 18.92% (74/391) 
of patients carried CRAB during ICU stay. However, the 
rate was significantly higher than those in Turkey (7.22%, 
55/762),28 Brazil (13.23%, 43/325),29 USA (13.46%, 
49/364)30 and South Korea (15.06%, 168/1115),14 
although other sites such as respiratory secretions were 
also screened in these studies. This difference may be 
related to the local CRAB prevalence.

Interestingly, we found that gastric tube feeding is a 
risk factor for both acquiring CRAB intestinal carriage 
of CRAB in ICU, which is consistent with the findings 
of Kiddee et al,15 in which tube feeding was also a high 
risk factor for carriage of Gram-negative bacilli. This may 
suggest an entry point of CRAB into human intestine. In 
this study, 73.0% (84/115) of patients who acquired CRAB 
intestinal carriage using tube feeding. During the study, 
we performed a 1-day snapshot sampling of the feeding 
tubes (at the tube port), feeding contents and containers 
for preparing feeding contents in the ICU and found the 
presence of CRAB in the tube feeding content (24.0%, 
6/25), at the tube port (33.3%, 3/9) and the tube feeding 
containers (7.1%, 1/14), indicating contamination. This 
may be a key point for intervention in the ICU.

We also found that patients with CRAB intestinal carriage 
were more likely to develop subsequent CRAB infection 
than those without carriage. The survival curve in this study 
showed that the cumulative infection rates in 90 days in 

Figure 2  Survival curves of patients with and without 
CRAB intestinal carriage. CRAB, carbapenem-resistant 
Acinetobacter baumannii

https://dx.doi.org/10.1136/bmjopen-2019-035893
https://dx.doi.org/10.1136/bmjopen-2019-035893
https://dx.doi.org/10.1136/bmjopen-2019-035893
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patients with and without CRAB intestinal carriage were 
69.5% and 22.3%, respectively, similar to those reported in 
other studies.30 However, the HR was 2.24, which is much 
lower than those in the previous studies.15 30 31 This may 
be due to the fact that healthcare-associated infections in 
our ICU were mainly caused by lower respiratory infec-
tions, which accounting for more than 70% of infections, 
while we only screened the colonisation of the intestines. 
Interestingly, we found that the use of cephalosporins and 
cephamycins led to lower risks of subsequent CRAB infec-
tion, while carbapenem use led to increased risks. The 
association between CRAB and carbapenem use has been 
documented before.30 32 CRAB is usually resistant to ceph-
alosporins and cephamycins. The use of cephalosporins 
and cephamycins may reflect the fact that patients did not 
receive carbapenems and could therefore result in reduced 
selection pressure for CRAB.

There are a few limitations in this study. First, this is a 
single centre study and the findings may not be generalised. 
Second, we used a modified CHROMagar Acinetobacter 
chromogenic plate to screen CRAB from rectal swabs. Not 
all screened CRABs were confirmed using Vitek II or other 
methods and there may be false-negative results. Nonethe-
less, at the beginning of this study, we confirmed that the 
58 CRAB strains grown on the chromogenic medium were 
indeed all A. baumannii by Matrix-Assisted Laser Desorp-
tion/ Ionization Time of Flight Mass (MALDI–TOF–MS) 
and were all non-susceptible to imipenem or meropenem as 
determined using the agar dilution method recommended 
by the Clinical and Laboratory Standards Institute .20 Third, 
we only collected the patients’ rectal swabs for investigating 
CRAB carriage. Studies have shown concurrent swab 
collection of skin, oropharyngeal, and airway secretions in 
addition to rectal swabs, may improve sensitivity. However, 
the sample sizes in these studies were small with only 21 
and 34 cases, respectively.12 33 Nonetheless, for practical 
reasons and the aim to study CRAB intestinal carriage, we 
only collected rectal swabs. Fourth, due to the poor sensi-
tivity of rectal swabbing, a single negative test result could 
overlook carriers. Moreover, no molecular strain typing 
was performed. Though reasonable, it was not proven that 
CRAB isolated from intestinal colonisation and site of noso-
comial infection were identical. At last, this study failed to 
collect for the first rectal swab specimen within 48 hours of 
ICU admission from 23.8% of the patients. Nonetheless, 
84.55% of these patients stayed in the ICU for less than 
48 hours.

In conclusion, some patients had CRAB intestinal carriage 
but more acquired during their ICU stay. Severity of illness, 
acute pancreatitis, tube feeding and use of carbapenems 
were independent risk factors of the acquisition of CRAB 
intestinal carriage. Patients with CRAB intestinal carriage 
were more likely to have subsequent CRAB infection than 
those without.

Author affiliations
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