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ABSTRACT

The incidence of nosocomial infection caused by extended-spectrum b-lactamase (ESBL)-producing 
bacteria is increasing worldwide. Infections caused by ESBL producers have been associated with severe 
adverse clinical outcomes that have led to increased mortality, prolonged hospitalization, and rising medical 
costs. To avoid such adverse events and ineffective treatment, an appropriate use of drugs for infectious 
diseases is needed. To suppress the emergence and spread of drug-resistant bacteria in hospitals, it is 
important to be vigilant about ESBL-producing Escherichia coli (E. coli). In this study, we examined 
and compared seven items in a blood test between patients with ESBL-producing E. coli and non-
ESBL-producing E. coli among febrile patients. We examined the levels of serum albumin, hemoglobin, 
and C-reactive protein (CRP), and the numbers of leucocytes, neutrophils, lymphocytes, and platelets in 
blood on the day of admission, the screening day during hospitalization, and the day immediately before 
discharge from the hospital. There were no significant differences in clinical background characteristics 
between the two groups of patients. In patients with invasive infections caused by ESBL-producing E. 
coli, serum albumin levels and the number of lymphocytes were significantly lower than those in patients 
not infected with ESBL producers. These values recovered to their baseline levels on the day of hospital 
discharge. This retrospective study suggests that serum albumin levels and the number of lymphocytes may 
serve as risk factors for infection by ESBL-producing E. coli, thereby supporting the appropriate use of 
antimicrobials in hospitals.
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INTRODUCTION

The emergence of nosocomial extended-spectrum b-lactamase (ESBL)-producing Klebsiella 
pneumoniae and Serratia marcescens was first reported approximately 30 years ago.1) The in-
cidence of infection by ESBL producers has been increasing not only in hospitals, but also 
in communities.2-4) In the USA and Europe, the excessive use of inexpensive drugs, such as 
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cephalosporins, will likely lead to the widespread emergence of ESBL producers.5,6) In Japan, 
such producers have been increasing from the latter half of the 1990s.7) Infections by ESBL 
producers have been associated with severe adverse clinical outcomes that have led to increased 
mortality, prolonged hospitalization, and rising medical costs.8) Those adverse outcomes have also 
been related, at least in part, to a delay in the administration of an effective therapy.9-12) To avoid 
such adverse events, the appropriate use of drugs for infectious diseases will be needed.

There have been many reports on the risk factors for nosocomial infections, such as the recent 
use of antimicrobials and indwelling catheters (urinary catheters and tracheal tubes).13-17) However, 
it is sometimes impossible when performing surgeries to limit catheter use in certain therapies. In 
addition, such risk factors are common to infectious diseases other than those caused by ESBL 
producers. Therefore, it is difficult to prevent infections by ESBL producers.

Because ESBL-producing Escherichia coli (E. coli) is the most common problem in our 
hospitals among the many bacterial species of ESBL producers mentioned above, in this study we 
focused on this microorganism. To suppress the emergence and spread of drug-resistant bacteria 
in our hospital, it was very important to be vigilant about controlling ESBL-producing E. coli.

Thus, we surveyed and compared seven items in a blood test conducted in patients infected 
and not infected with ESBL-producing E. coli among our febrile patients.

METHODS

Study design, population, and definition:
Data were collected between January 2009 and December 2010 in the Japanese Red Cross 

Nagoya Daiichi Hospital. Febrile patients were subjected to a bacterial culture test followed 
by ESBL screening tests. In the screening test, the bacteria from 69 patients proved resistant 
to ≥ 2 μg/ mL of ceftadizime, cefotaxime, or aztreonam. Consequently, we judged those to 
be ESBL-producing E. coli when we detected more than a 5-mm diameter zone between a 
ceftadizime alone-treated disk and a ceftadizime/clavulanic acid-treated disk. Total of 41 patients 
were excluded from this study because they were less than 18 years old and/or infected in the 
community, not in this hospital. Therefore, 14 patients infected with ESBL-producing E. coli 
and 14 age- and gender-matched patients not infected with ESBL-producing E. coli that were 
identified by ESBL confirmatory tests, were studied. Bacterial infection was determined by a 
broth microdilution method in accordance with the Clinical and Laboratory Standards Institute 
(CLSI) guidelines.18) Our retrospective study was approved by the Institutional Review Board of 
the Japanese Red Cross Nagoya Daiichi Hospital (Approval No. 98).

To compare the clinical background characteristics of inpatients, we determined their age, 
gender, and body mass index (BMI); comorbidities; the hospital ward to which they were 
admitted; any history of hospitalization for the past three months; invasive devices used (urethral 
catheter, tracheal tube, central venous catheter and others); infected regions [urinary tract (urine 
samples), respiratory tract (respiratory samples), blood (blood samples), intestinal tract (stool 
samples), abdominal drains and wounds (other samples)]; number of days until detection of an 
ESBL producer during hospitalization; and a history of infection by Pseudomonas aeruginosa, 
methicillin-resistant Staphylococcus aureus (MRSA), or Candida. We also determined the number 
of patients who had used antimicrobials (classified according to the type of antimicrobial used), 
the total number of antimicrobials used, the total number of days of antimicrobial use, the 
maximum number of days of use of the same antimicrobial, and the number of patients treated 
with two or more antimicrobials. We also examined the levels of serum albumin, hemoglobin, 
and C-reactive protein (CRP) and the numbers of leucocytes, neutrophils, lymphocytes, and 
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platelets in blood on the day of admission, the screening days during hospitalization (at least 
once a week), and immediately before discharge.

Data analyses:
Data were analyzed by the Wilcoxon signed-rank test (Fig. 1) and the Mann-Whitney U-test 

or Fisher’s exact test (Tables 1 and 2), respectively. The results were expressed for each group 

Fig. 1 � Changes in biochemical parameters in blood on the day of admission (On admission), during hospital-
ization (At detection), and after hospitalization (Recovered). ESBL (+): patients infected with ESBL-
producing E. coli. ESBL (–): patients not infected with ESBL-producing E. coli. *P<0.05, **P<0.01 vs. 
On admission, #P<0.05, ##P<0.01 vs. At detection, ###P<0.05 vs. ESBL (–).
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Table 1 � Clinical background characteristics of patients infected and not infected with 
extended-spectrum β-lactamase (ESBL)-producing E. coli

Variable ESBL (+)  
n=14 (%)

ESBL (–)  
n=14 (%) P

Demographics
Age (year): mean ± SD 72.1 ± 11.1 67.2 ± 16.7 *N.S.
Gender: Number of males 8 (57.1) 8 (57.1) N.S.
BMI (mean ± SD) 20.0 ± 3.7 19.9 ± 3.6 *N.S.

Comorbidities
Respiratory disease 3 (21.4) 3 (21.4) N.S.
Cardiovascular disease 3 (21.4) 2 (14.3) N.S.
Hypertension 6 (42.9) 7 (50.0) N.S.
Diabetes mellitus 5 (35.7) 6 (42.9) N.S.
Renal disease 3 (21.4) 2 (14.3) N.S.
Liver disease 0 (0) 0 (0) N.S.
Malignant disease 9 (64.3) 8 (57.1) N.S.
Use of corticosteroids 2 (14.3) 4 (28.6) N.S.

Hospital admission ward
ICU 3 (21.4) 3 (21.4) N.S.
Medical 8 (57.1) 6 (42.9) N.S.
Surgical 3 (21.4) 5 (35.7) N.S.

Previous hospitalization within 3 months 3 (21.4) 5 (35.7) N.S.

Type of invasive device
Urethral catheter 4 (28.6) 5 (35.7) N.S.
Tracheal tube 2 (14.3) 2 (14.3) N.S.
Central venous catheter 8 (57.1) 5 (35.7) N.S.
Other 2 (14.3) 3 (21.4) N.S.

Infected regions
Urine samples 6 (42.9) 5 (35.7) N.S.
Respiratory samples 2 (14.3) 1 (7.1) N.S.
Blood samples 1 (7.1) 2 (14.3) N.S.
Stool samples 2 (14.3) 0 (0) N.S.
Other samples 3 (21.4) 5 (35.7) N.S.

Days until detection of ESBL producer 
during hospitalization (mean ± SD)

36.4 ± 35.3 21.7 ± 12.5 *N.S.

Previous isolates
Pseudomonas aeruginosa 3 (21.4) 3 (21.4) N.S.
MRSA 2 (14.3) 1 (7.1) N.S.
Candida 2 (14.3) 2 (14.3) N.S.

ESBL (+): patients infected with ESBL-producing E. coli; ESBL (–): patients not 
infected with ESBL-producing E. coli; N.S.: not significant; BMI: body mass index; 
ICU: intensive care unit; MRSA: methicillin-resistant Staphylococcus aureus. Renal 
disease was defined as having a serum creatinine level >2 mg/dL. All statistical tests 
were performed using Fisher’s exact test except for data indicated by *, for which 
Mann-Whitney U-test was used.
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as means ± SD in Tables 1 and 2. P < 0.05 indicated statistical significance, when detected, a 
multivariate logistic regression analysis was conducted and the odds ratio was estimated.

RESULTS

There were no significant differences found between the two groups in terms of the clinical 
background characteristics of the patients (Table 1). On the day of admission to the hospital and 
during hospitalization, there were no significant differences between the two groups in terms of 
the number of patients who used antimicrobials (classified according to the type of antimicrobial 
used), the total number of antimicrobials used, the total number of days of antimicrobial use, the 
maximum number of days of use of the same antimicrobial, and the number of patients treated 
with two or more antimicrobials (Table 2).

On the day of admission, we could not detect any differences in the levels of serum albumin, 
hemoglobin, and CRP, or in the numbers of leucocytes, neutrophils, lymphocytes, and platelets 
in blood between the two groups. When infections were detected, serum albumin levels and the 
number of lymphocytes were significantly lower in patients infected with ESBL-producing E. 

Table 2 � Antimicrobials used for patients infected and not infected with extended-spectrum 
β-lactamase (ESBL)-producing E. coli

 ESBL (+)  
n=14 (%)

ESBL (-)  
n=14 (%) P

Penicillins 4 (28.6) 3 (21.4) N.S.

1st-generation cephalosporins 6 (42.9) 4 (28.6) N.S.
2nd-generation cephalosporins 3 (21.4) 3 (21.4) N.S.
3rd-generation cephalosporins 2 (14.3) 3 (21.4) N.S.
4th-generation cephalosporins 8 (57.1) 4 (28.6) N.S.
1st-4th generation cephalosporins 10 (71.5) 10 (71.5) N.S.

Lyncosamide 2 (14.3) 1 (7.1) N.S.

Carbapenems 2 (14.3) 1 (7.1) N.S.

Tetracycline 1 (7.1) 0 (0) N.S.

Aminoglycosides 2 (14.3) 0 (0) N.S.

Fluoroquinolones 1 (7.1) 1 (7.1) N.S.

Anti-MRSA 1 (7.1) 0 (0) N.S.

Number of antimicrobials used 12 (85.7) 12 (85.7) N.S.

Days of antimicrobial use (mean ± SD) 12.8 ± 13.5 7.6 ± 4.7 *N.S.

Number of patients treated with two or 
more antimicrobials

3 (21.4) 1 (7.1) N.S.

Maximum number of days of use of 
same antimicrobial

10.1 ± 9.9 6.1 ± 3.5 *N.S.

ESBL (+): patients infected with ESBL-producing E. coli; ESBL (–): patients not 
infected with ESBL-producing E. coli; N.S.: not significant. All statistical tests were 
performed using Fisher’s exact test except for data indicated by *, for which Mann-
Whitney U-test was used.
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coli than those in patients not with ESBL-producing E. coli. The leucocyte curve and CRP curve 
of patients infected with ESBL producers were similar, whereas those in patients not infected 
with ESBL-producing E. coli were different (Fig. 1). Hemoglobin and platelet levels were unaf-
fected throughout this study. In both groups, neutrophils reached normal levels on the day of 
discharge from the hospital, and no significant differences were observed between them during 
hospitalization. In many cases, owing to appropriate antimicrobial use (particularly carbapenems 
and aminoglycosides), the values returned to their baseline levels on the day of discharge from 
the hospital (Fig. 1). When we detected significant differences in the serum albumin levels and 
the number of lymphocytes between the two groups, a multivariate logistic regression analysis 
was conducted and the odds ratio was estimated. The adjusted odds ratios (95% confidence 
interval) of the serum albumin level (< 3.0 g/dL) and the number of lymphocytes (< 1,000 /μL) 
were 16.6 (1.4 – 205.0) (P = 0.028) and 8.8 (1.2 – 65.6) (P = 0.034), respectively, suggesting that 
each factor was significant for ESBL infection.

DISCUSSION

Our Japanese Red Cross Nagoya Daiichi Hospital serves as a main hospital in Nagoya. It 
consists of 34 diagnosis departments and 852 beds, and is typical of any large general hospital 
in Japan. In our hospital as well as hospitals worldwide, there is an increasing incidence of 
ESBL-producing E. coli infections that have led to severely adverse clinical outcomes. Some 
reasons have been cited for the nosocomial increase of this bacterium: 1) disuse of efficient/
potent carbapenems; 2) increased use of 3rd-generation cephalosporins and quinolones in 
the community;19) 3) stool-mediated infections;20) and 4) existence of the ESBL gene in the 
plasmid.2) In this study, we could not detect any statistical correlation between ESBL-producing 
E. coli infection and the number of patients who used antimicrobials (classified according to 
type of antimicrobial used), the total number of antimicrobials used, the total number of days 
of antimicrobial use, the maximum number of days of use of the same antimicrobial, and the 
number of patients treated with two or more antimicrobials.

The Centers for Disease Control and Prevention (CDC) in the USA has released guidelines for 
the prevention of multidrug-resistant gram-negative bacillus infection.21) The guidelines propose 
general standard precautions for the infection at all medical facilities, particularly infection by 
multidrug-resistant organisms (MDROs), including ESBL-producing bacteria. The guidelines 
recommend comprehensive strategies, including 1) administrative support, 2) education of medi-
cal staff, 3) judicious use of antimicrobial agents, 4) MDRO surveillance, 5) infection control 
precautions, 6) frequent washing and disinfection of medical devices, and 7) decolonization. The 
guidelines for European hospitals have recommended that stool samples from all patients be 
examined on the day of admission to screen for ESBL-producing bacteria.22) According to those 
guidelines, we performed an examination on admission to our hospital.

It is necessary to screen patients because the number of those infected with ESBL-producing 
bacteria has seen an increase recently in the community. Therefore, on admitting a patient 
who is suspected of infection and referred to us by other hospitals, a culture of the patient’s 
sputum or urine samples was performed to confirm whether or not the patient is infected with 
ESBL-producing bacteria. In addition to the CDC guidelines, the medical staff and inpatients 
were asked to frequently gargle and wash their hands, and a private room was assigned to the 
patients infected with ESBL-producing bacteria.

In our hospital, we conducted blood tests in infectious patients at least once a week to confirm 
any effects of the treatment during hospitalization. Generally, the serum albumin level was used to 
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evaluate nutrition status. In addition, each item in the blood test served as an index: hemoglobin 
was the index of anemia; CRP, of acute inflammation; leucocytes, of infection and inflammation; 
neutrophils, of bacterial infection; lymphocytes, of viral infection; and platelets, of hemostasis. 
In this study, serum albumin levels and the number of lymphocytes were significantly lower in 
patients infected with ESBL-producing E. coli than in patients without it.

Reduction of serum albumin levels was a sign of malnutrition and induced the increase of 
mortality and morbidity rates.23,24) Hypoalbuminemia was the result of the combined effects of 
inflammation and inadequate protein and calorie intake in patients with chronic diseases, such 
as chronic renal failure.25) Furthermore, inflammatory cytokines, including interleukin-1β (IL-1β), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), have been reported to inhibit the 
synthesis of albumin.26) However, we could not find any significant correlation between those 
clinical backgrounds and the low serum albumin levels before ESBL-producing E. coli infection. 
The time interval between “on admission” and “at detection” was less than 10 days, and generally 
the half-life of albumin was approximately 3 weeks,27,28) suggesting that the low serum albumin 
levels may not be caused by ESBL-producing E. coli infection. Although the exact cause was not 
clear, on the day the ESBL-producing E. coli infection was detected, some other diseases may 
have reduced the serum albumin levels or the levels may have still been recovering from diseases 
that have no obvious symptoms. With appropriate antimicrobial use (particularly carbapenems or 
aminoglycosides), the values had returned to their baseline levels by the day of discharge from 
the hospital (Fig. 1). We also investigated the incidence of P. aeruginosa, MRSA, and Candida 
as well as ESBL-producing E. coli, which are the most problematic bacteria in our hospital, but 
no clear relationship was observed between those bacteria and the low serum albumin levels. 
Therefore, it is likely that those low levels rather than the ESBL-producing E. coli infection, 
may have led the patients to become compromised hosts.

Lymphocytopenia is induced by protein-calorie malnutrition, immunosuppressive agents, 
cytotoxic chemotherapy, glucocorticoid therapy, viral infection, and protein-losing enteropathy.29) 
However, both patients, whether infected or not with ESBL producers, showed no signs of 
lymphocytopenia (Table 1) and thus, the recent history of some diseases may have led patients 
to become compromised hosts, given that lymphocytes play a major immunological role in the 
prevention of infection.

CRP is an acute-phase protein whose level increases from 6 hours, reaching a peak at 48 
hours after inflammation,30) infection, surgeries, and burns.31) In this study, because CRP level 
increased only in patients infected with ESBL-producing E. coli and decreased after recovery, 
that factor can directly reflect the infection state. It has been reported that inflammatory cytokines 
stimulate CRP production.32) Whereas serum albumin levels and CRP levels exhibit a negative 
correlation in some diseases,26,33,34) in this study we found no correlation between those two 
parameters (correlation coefficient: –0.019). In contrast, neutrophil levels and CRP levels show 
a strong correlation (correlation coefficient: 0.782).

Our results indicate that it is necessary to carefully monitor inpatients to determine whether 
or not they are infected with ESBL-producing E. coli, when they exhibit low serum albumin 
and lymphocyte levels. From the viewpoint of antimicrobial use, it is necessary early on to use 
carbapenems,35) aminoglycosides, and fosfomycin.3,36) However, it is also necessary to add the 
number of samples not only from our hospital but also other hospitals since the sample size may 
be small. Sometimes dietary intake, nutrient calories, and virus infection influence the albumin 
level and the number of lymphocytes, respectively. To confirm our hypothesis, we are planning 
to conduct basic research in the near future using animal models with hypoalbuminemia and 
hypolymphemia.

Furthermore, we must establish a system to share information concerning infections in the 
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community, since 48.0% of the patients who were transferred to our hospital were infected 
with ESBL-producing E. coli (unpublished data). Frequent communication and exchanges of 
information with community hospitals and clinics will be needed.20,37)

Very recently, some carbapenemase-producing bacteria38) and NDM-1 producers,39-41) which are 
MDROs, have been reported. In order to prevent and minimize the spread of bacterial infections, 
predictions of infection and medical therapy as well as daily pathophysiological observations 
will be necessary.
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