
has increasingly been recognized 
as a healthcare-associated pathogen, which is involved in 

hospital outbreaks worldwide and in Israel [1,2]. Contamination 
of hospital environment and persistence on various surfaces, 
including medical devices, respiratory care equipment, and pa-
tient care items has been well documented [3]. Outbreaks have 
been attributed to both environmental transmission and pa-
tient-to-patient transmission of the pathogen. Most affected pa-
tients are critically ill [3]. infection is 
commonly associated often with ventilator-associated pneumo-
nia (VAP), but skin and soft tissue infections, wound infections, 
urinary tract infections, and bacteremia may develop as well [4]. 
Infections caused by Carbapenem-resistant 

 (CRAB) are a serious threat in many hospital units since 
treatment often requires the use of last line antibiotics, such as 
colistin and tigecycline [5].

Limiting the spread of CRAB strains requires multifaceted 
interventions including isolation precautions, strict adherence 
to infection control policies, dedicated patient care equipment, 
identification of the source in outbreaks (sometimes leading to 
clinical unit closure), environmental cleaning and disinfection, 
limited use of broad-spectrum antibiotics, and screening and 
early detection of colonized or infected patients [6].

Colonized patients (CRAB-carriers) may be detected by 
surveillance cultures from skin, pharyngeal, nostrils, or rectal 
specimens [7]. Such active patient surveillance may be per-
formed if patients are deemed at-risk or during readmission. 
Early identification of carriers can provide timely information 
that allows implementation of strict contact precautions before 
transmission of infection to other patients but may also predict 
clinical infection [8]. 

In this study we determined the risk for development of 
clinical infection (i.e., pneumonia, bacteremia) in adult patients 
who had CRAB-positive surveillance rectal swab and/or spu-
tum cultures during their current hospitalization. We hypothe-
sized that the proportion of CRAB clinical infections would be 
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higher among CRAB-carrier patients compared to non-carriers 
(control group). Other risk factors for CRAB-associated clinical 
infection were identified as well. 

This retrospective study was conducted at Shaare Zedek Med-
ical Center, a 1000-bed teaching hospital affiliated with the 
Hebrew University of Jerusalem, Israel. As part of the hospi-
tal's infection control program, weekly rectal swabs and, when 
available, surveillance sputum cultures, are routinely sampled 
for CRAB in high-prevalence or CRAB-prone departments 
such as the intensive care unit (ICU) and step-down units in 
the medical and geriatric departments. Additional screening was 
performed on patients who were considered to be at high risk 
for multi-drug resistance (MDR) pathogens. These patients in-
cluded those who are residing in nursing homes or those who 
were hospitalized during the previous year. Screening is similar 
to carbapenem-producing screening criteria. 
All CRAB-carrier patients (exposed group) were compared to 
a convenient sample of CRAB non-carrier patients in terms of 
rate and risks for the development of CRAB clinical infection.

Results of CRAB surveillance cultures of patients hospital-
ized from January to June 2018 were retrieved from the hospi-
tal's computerized microbiologic database. During this time CR-
AB-colonized adult patients (aged 18 years or older) detected by 
rectal swabs and/or surveillance sputum cultures comprised of 
the initial study group (n=115). The control group included 166 
adult patients. The latter constituted a third of all CRAB negative 
patients who were screened during the same time-frame. Patients 
were included only once in the study–at the time of admission 
when the first surveillance culture (positive or negative) was 
taken. Patients who had a clinical culture with CRAB before the 
screening culture were excluded. The proportion of patients who 
developed CRAB-associated clinical infections during admission 
was assessed in the study group (CRAB-carriers) and was com-
pared to that in the control group (CRAB-non-carriers). 

Demographic, clinical, and laboratory data were retrieved 
from the electronic medical records of all patients. Data includ-
ed age, sex, residence, previous hospitalization within 90 days, 
functional capacity (designated as 1 for independent, 2 for par-
tially dependent, and 3 for totally dependent patients), Charlson 
Comorbidity Score (CCS), type of clinical culture and/or infec-
tion, mechanical ventilation, ICU or step-down unit admission, 
admission and discharge departments, surgical procedure during 
admission (before clinical infection) including tracheostomy, 
length of stay, and in-hospital mortality. Factors associated with 
the development of CRAB-positive infection were evaluated. 

 asymptomatic patients 
with CRAB-positive rectal swab/sputum cultures 

 sputum cultures may indicate 
either a clinical infection (as one parameter of pneumonia) or col-
onization. Diagnosis of CRAB pneumonia was based on clinical, 
laboratory, radiologic and microbiologic criteria [9,10]. Patients 
with positive sputum cultures, without pneumonia, were classified 
as colonized patients. Surveillance sputum cultures were classified 
differently in the microbiological database and were easily distin-
guished from clinically indicated sputum cultures.

 All cultures obtained for clinical diagnostic 
purposes rather than for surveillance

CRAB isolated from sputum, deep suction, or bronchoalveolar 
lavage specimen 
• New lung infiltrate on chest X-ray 
•  Two or more of the following: cough, purulent sputum, ab-

normal auscultatory findings, signs of respiratory failure, 
signs of dyspnea, worsening of tracheal aspirate fluid in me-
chanically ventilated patients

•  One of the following: leukocytosis or leukopenia (defined 
as WBC count > 10,000/mm3 or < 4500/mm3, respectively), 
band neutrophils > 15%, pulse rate > 120 beats/min or sys-
tolic hypotension [11] 

HAP was defined as a pneumonia not incubating at the time 
of hospital admission and occurring 48 hours or more after ad-
mission. VAP was defined as a pneumonia occurring > 48 hours 
after endotracheal intubation [12].

Demographic, clinical and laboratory variables were entered in 
an Excel spreadsheet. Quantitative variables were compared us-
ing the -test, for two independent groups, and the Mann-Whit-
ney test for non-normal distribution of the tested variable. For 
categorical variables a chi-square test or Fisher's exact test was 
used. Variables found statistically significant (two-sided < 
0.05) using univariate analysis for the dependent variable (CR-
AB clinical infection) were further examined using both, a step-
wise forward likelihood ratio and enter multivariate logistic re-
gression model. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, 
version 21 (SPSS, IBM Corp, Armonk, NY, USA). The study 
was approved by the institutional review board of Shaare Zedek 
Medical Center (approval number 0152-18).

The study comprised 310 patients who had been screened for 
CRAB between January and June 2018; 29 patients were ex-
cluded, 15 were duplicate cases, and 14 had a clinical infec-
tion that pre-dated colonization or diagnosis less than 24 hours 
since the CRAB-positive surveillance culture. Thus, the final 



study group comprised of 115 CRAB-carriers and 166 CRAB 
non-carriers. Overall, 264 rectal swab cultures were performed. 
Thirty-two patients had both rectal and sputum surveillance cul-
tures, 17 had surveillance sputum cultures and no rectal swabs 
[Table 4]. Positive surveillance cultures comprised primarily of 
rectal swab cultures (n=112, 97%). Demographic and clinical 
data of the patients are shown in Table 1. 

Median patient age was 74 years (IQR 60–83), higher among 
CRAB-carriers vs. non-carriers (  < 0.001). Fifty-seven patients 
(20%) resided in a nursing home, of them, 45 (79%) were CR-
AB-carriers. Most patients in the cohort and most CRAB-car-
riers were admitted to the medical wards (180/281) [Table 1].

The mean Charlson Comorbidity Score (CCS) was signifi-
cantly higher among CRAB-carriers (  < 0.001) [Table 1]. The 
cohort included 153 patients who were mechanically ventilated; 
51 were CRAB-carriers and 102 were non-carriers (  < 0.001).

Forty-nine patients (17% of the entire cohort) developed a clin-
ical infection with CRAB, which primarily manifested as pneumo-
nia (n=44). One patient had pneumonia and a wound infection and 
five patients had true bacteremia without a known source.

Clinical CRAB infection developed in 26/115 (23%) CR-
AB-carriers vs. 23/166 (14%) non-carriers (  = 0.05) [Table 2]. 
Age, sex, residence, and admitting department were not associ-
ated with an increased risk of clinical infection.

The median number of surveillance cultures was similar 
among non-colonized patients vs. CRAB carriers (1 [IQR 1–2] 
vs. 1 [IQR 1–1], respectively). Mean number of surveillance 
cultures was 2 ± 1.6 vs. 1.7 ± 1.8 ( = 0.2, not shown).

Low functional capacity (limited or total dependence) was 
significantly associated with higher infection rates ( < 0.001) 
[Table 1]. Antibiotic treatment during hospitalization before de-
tection of clinical CRAB infection was frequent in the CRAB 
infection group (46/49 vs. 162/224,  < 0.01).

CRAB infection occurred in nearly one-third of the patients 
who required mechanical ventilation during hospitalization, and 
almost all patients with CRAB infection were intubated or had 
been tracheostomized prior infection (45/49, 90%).

Adjusted analysis revealed that mechanical ventilation and 
CRAB colonization were strongly associated with clinical in-
fection (  < 0.05) [Table 3]. 

Patients who had CRAB infection had a significantly lon-
ger hospital stay and increased in-hospital mortality (  < 0.001) 
[Table 2].

In this study we showed that both mechanical ventilation and 
CRAB-colonization (as detected by rectal swabs) were signifi-
cantly associated with the development of a CRAB clinical in-
fection, primarily pneumonia. 

 is one of the most significant 
VAP-causing pathogens [11-13]. Mechanically ventilated pa-
tients are especially prone to CRAB infection due to the moist 
environment associated with ventilator tubing, suction cath-
eters, and humidifiers [14]. Other factors include inadequate 
hand hygiene or glove-changing when managing airway or 
contaminated ventilators or contaminated surfaces [3]. Indeed, 
in this study almost all the patients with CRAB infection were 
ventilated (45/49). Mechanical ventilation was independently 
associated with CRAB infection. 

CRAB colonization as detected by rectal swab and/or sputum 
culture screening was associated with the development of a clin-
ical infection as well. Although the patient groups (CRAB-carri-
ers and non-carriers) significantly differed in terms of age, CCS, 



functional capacity, and residence, CRAB-carriers were a sicker 
population [Table 1]. This finding is consistent with previous re-
ports [15,16] and reflects the practice of targeted screening of at-
risk patients prone to colonization with MDR pathogens. 

Fecal colonization was previously shown to be linked to sub-
sequent clinical infection [17]. In a report by Blanco et al. [18] 
CRAB-colonized patients at ICU admission were 15.2 times 
more likely to develop a subsequent positive clinical culture 
for  and 1.4 times more likely to die during the 
current hospitalization. Others have demonstrated similar find-
ings in cases of rectal colonization with other highly resistant 
Gram-negative rods [19,20]. 

Our results support the practice of active surveillance cul-
tures (specifically rectal screening for CRAB colonization) in 
select populations (i.e., ventilated patients) where the preva-
lence of CRAB is high. This routine may prove useful in terms 
of commencing isolation measures and prevention of the spread 
of CRAB. Subsequently, it may affect decisions regarding em-
pirical therapy in cases of VAP in these patients. Indeed, 25% 
of CRAB-carriers and approximately 33% of ventilated patients 
developed CRAB clinical infection. 

Aside from mechanical ventilation and CRAB colonization, 
other findings in our study deserve consideration. In our cohort, 
almost all CRAB-infected patients (47/49, 96%) were treated 
with antibiotics prior infection [Table 2]. In previous reports, 
long-term use of certain antibiotics and even short-term use of 
carbapenems increased the risk of CRAB infection [21,22]. Al-
though this association was not demonstrated in the adjusted 
analysis, we believe that selection pressure driven by antibiotics 



may contribute to CRAB infection. The univariate analysis also 
showed impaired functional capacity to be strongly associated 
with the development of a clinical infection [Table 2]. Among 
our study patients, over 50% of those who developed a clinical 
infection were totally dependent. This reflects the severity of ill-
ness of the study population (similar to the high CCS) [Table 2]. 
Bedridden patients are prone to colonization and infection with 
CRAB [23]. In point prevalence surveys of 1667 patients in an 
Israeli hospital, elderly and bedridden patients with dementia 
comprised 24% of patients and 59% of mechanically ventilated 
patients. Those patients were twice as likely to be colonized or 
infected by MDR pathogens (39.3% vs. 18%,  < 0.001) [24]. 
As expected, these patients are also exposed to multiple courses 
of antibiotic [23]. 

Last, it is worth noting that the length of stay and the in-hospi-
tal mortality were both significantly increased among CRAB in-
fected patients. Although the study was not aimed to assess those 
outcomes, the findings are in line with previous reports [25].

Several limitations should be noted. The retrospective design 
of the study has inherent limitations such as missing data and 
selection bias. The study population was quite ill (almost 25% 
had CCS > 4, and 40% were totally dependent) and most of 
the patients were prone to infection; hence, the pa-
tients were screened for CRAB. However, this study describes 
real-life practice where CRAB screening is targeted to select 
population. Screening healthy or young patients would be 
unjustified in terms of cost-effectiveness. Another important 
limitation is the over-representation of patients who were ad-
mitted to the ICU. As CRAB prevalence at the Shaare Ze-
dek ICU is rather low due to strict infection control 
measures in the ICU, ICU admission was not associated with 
clinical CRAB infection. 

Finally, our data were based mainly on only one screening 
site (rectal swabs), as the fraction of sputum cultures was small, 
which may reduce sensitivity regarding identifying colonized 
patients. We did not screen other sites such as axilla, groin, or 
nostrils. Although increased sensitivity was previously shown 
when different sites were screened [9] (55% for six different 
body sites versus 14–29% for one site), screening multiple sites 
is demanding and less applicable. 

The two most important parameters associated with CRAB in-
fection were mechanical ventilation and positive CRAB surveil-
lance cultures. Screening ventilated patients may prove useful, 
especially in departments with high prevalence of CRAB. Fre-
quent screening may help with early selection of appropriate 
empiric antimicrobial therapy, in addition to applying infection 
control precautions. Assessing cost-effectiveness of this prac-
tice demands further studies. 
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Xie et al. used national healthcare databases from the US 

as well as two sets of control cohorts with 5,637,647 

of pre-specified incident cardiovascular outcomes. The 

cardiovascular disease spanning several categories, 
including cerebrovascular disorders, dysrhythmias, ischemic 
and non-ischemic heart disease, pericarditis, myocarditis, 

heart failure, and thromboembolic disease. These risks and 
burdens were evident even among individuals who were 
not hospitalized during the acute phase of the infection and 
increased in a graded fashion according to the care setting 
during the acute phase (non-hospitalized, hospitalized, and 
admitted to intensive care units). These results provide 

should include attention to cardiovascular health and disease. 

Omicron variant of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) is concerning for antibody 
countermeasure efficacy because of the number of 
mutations in the spike protein. VanBlargan and colleagues 
tested a panel of anti-receptor-binding domain monoclonal 
antibodies (mAbs) corresponding to those in clinical use 

and Vero-hACE2-TMPRSS2 cells, whereas others were 

results suggest that several, but not all, of the antibodies 

Omicron variant.


