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Abstract

Background Gut under severe insult is considered to have

an important role in promoting infection and multiple

organ dysfunction syndrome from the viewpoint of altered

intestinal epithelium, immune system and commensal

bacteria. There are few reports, however, about the rela-

tionship between gut flora and septic complications.

Methods We analyzed gut flora in patients with systemic

inflammatory response syndrome (SIRS) and evaluated key

bacteria and their cutoff values for infectious complications

and mortality by using classification and regression trees

(CART). Eighty-one SIRS patients with a serum C-reactive

protein level higher than 10 mg/dL treated in the intensive

care unit (ICU) for more than 2 days were included for the

study. We quantitatively evaluated nine types of bacteria in

fecal samples by plate or tube technique. Two hundred

seventy-one samples were analyzed using CART and

logistic regression.

Results The dominant factors for complication of enteri-

tis were the minimum number of total obligate anaerobes

and the maximum number of Staphylococcus and Entero-

coccus. The dominant factors for complication of bacter-

emia were the minimum numbers of total obligate

anaerobes and total facultative anaerobes. The dominant

factors for mortality were the numbers of total obligate

anaerobes and total facultative anaerobes and age.

Conclusions A decrease in total obligate anaerobes and

an increase in pathogenic bacteria in the gut are associated

with septic complications and mortality in patients with

SIRS. The altered gut flora may be a potential prognostic

marker in SIRS patients.
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Introduction

The cross talk between host and gut flora has a major

influence on host physiology in health and disease. Com-

mensal gut flora have important and specific metabolic,

trophic and protective functions. Equilibrium between

species of resident bacteria provides stability of the

microbial population within an individual under normal

conditions [1]. Maintaining the balance of gut flora is

important for a functional immune system. Recent studies

have shown that human intestinal microflora contain at
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least 100 times as many genes as the human genome [2]

and that humans are superorganisms for which metabolism

involves an amalgamation of microbial and human activi-

ties. Macpherson et al. [3] reported that commensal bac-

teria are carried to the mesenteric lymph nodes by

intestinal dendritic cells. Dendritic cells induce IgA pro-

duction, which helps protect against mucosal penetration

by commensal bacteria. Rakoff-Nahoum et al. [4] reported

that recognition of commensal microflora by Toll-like

receptors is required for increased proliferation of colonic

epithelial cells and protection against dextran sulfate

sodium induced intestinal epithelial injury. These reports

suggest that the commensal gut flora in humans play an

essential role in homeostasis and protection from injury in

the gut.

Under normal circumstances in the gut there are

approximately one hundred billion colony forming unit

(CFU) bacteria in 1 g of feces, and most are total obligate

anaerobes such as Bacteroidaceae and Bifidobacterium.

Hooper et al. [5] colonized germ-free mice with Bacte-

roides thetaiotaomicron and compared gene expression in

germ-free and colonized mice by DNA microarray analy-

sis. Results showed that the increased expressions of genes

were involved in nutrient absorption, mucosal barrier for-

tification, xenobiotic metabolism, angiogenesis and post-

natal intestinal maturation. Breast-fed infants seem to

develop a flora rich in Bifidobacterium in comparison to

formula-fed babies and are less often colonized with bac-

teria such as Staphylococcus and Escherichia coli [6].

These findings indicate that indigenous obligate anaerobes

seem to play an essential role from the beginning in

establishing the balance of the gut flora and other physio-

logical functions.

It has been reviewed that various diseases are associated

with a change in gut flora [7]. Studies of diseases and

abnormal gut flora have focused on various diseases, such

as inflammatory bowel disease [8], atopic asthma [9],

obesity [10], and hepatic encephalopathy [11]. Some dis-

eases are associated with a decrease in Bifidobacterium

[12]. We recently evaluated microflora (bacterial counts of

10 key groups) and environmental changes (pH and nine

organic acids) in patients with severe systemic inflamma-

tory response syndrome (SIRS) and showed significant

alteration in patients with severe SIRS [13]. Patients with

SIRS showed 100–10,000 fewer total obligate anaerobes

and 2–4 log units fewer beneficial Bifidobacterium than

healthy volunteers. The disruption of commensal gut flora

may affect gut barrier function and the systemic inflam-

matory response following severe insult.

In this study, we analyzed gut flora in 81 patients with

severe SIRS and examined whether the gut flora are

associated with infectious complications and prognosis by

using classification and regression trees (CART).

Methods

Patients

Subjects included 81 patients with severe SIRS who were

admitted to the Department of Traumatology and Acute

Critical Medicine, Osaka University Medical School,

Osaka, Japan and treated in the intensive care unit (ICU) for

more than 2 days during the period of December 2003 to

April 2006. Severe SIRS was diagnosed according to the

criteria of the American College of Chest Physicians and the

Society of Critical Care Medicine [14] and in patients with a

serum C-reactive protein level greater than 10 mg/dL.

Enteral nutrition (Impact, Novartis Nutrition, Minneapolis,

MN) was initiated as soon as possible. If infections occur-

red, patients were initially treated empirically for the

underlying clinical syndrome and then according to the

results of antibiotics susceptibility testing of the isolated

bacterial infection. Antibiotics were administered with the

same policy for all study periods. A histamine H2 receptor

blocker (20 mg famotidine) was administered routinely

twice daily until the initiation of oral intake. After admis-

sion, fecal samples were collected serially and analyzed.

This study was approved by the Institutional Review Board

of Osaka University, and informed consent was obtained

from the family of each patient.

Fecal Bacteriologic Culture

Feces were collected in a test tube, which was maintained

under anaerobic conditions in an atmosphere of 7% H2 and

5% CO2 in N2. The test tube was cooled in an icebox before

culture. VL-G roll tube agar [15] supplemented with

0.2% cellobiose and 0.2% maltose (modified VL-G roll

tube agar) was used to determine total anaerobe counts.

Different media were used for selective isolation of different

microorganisms: modified VL-G roll tube agar to which

80 lg/mL vancomycin and 1 lg/mL kanamycin were added

for Bacteroidaceae; CW agar (Nikken Bio Medical Labo-

ratory Inc., Kyoto, Japan) for lecithinase-positive Clostrid-

ium; MPN agar [16] for Bifidobacterium; COBA agar for

Enterococcus; LBS agar (Becton Dickinson and Company,

Cockeysville, MD) supplemented with 0.8% Laboratory

Lemco powder (Oxoid Co. Ltd., Basingtoke, UK) for Lac-

tobacillus; Staphylococcus medium no. 110 agar (Nissui

Pharmaceutical Co. Ltd., Tokyo, Japan) for Staphylococcus;

DHL agar (Nissui Pharmaceutical Co. Ltd.) for Entero-

bacteriaceae; NAC agar (Nissui Pharmaceutical Co. Ltd.)

for Pseudomonas; and GS agar (Nissui Pharmaceutical Co.

Ltd.) for Candida [17, 18]. CW agar and LBS agar were

cultured anaerobically at 37�C for 72 h. After incubation,

colonies on plates were counted and gram stained. Numbers

of viable bacteria per gram of feces (wet weight) were
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calculated. All bacterial counts (colony-forming units

(CFU)/g of wet feces) were transformed to logarithm

(log10CFU) for ease of statistical analysis. The lower limit of

bacterial detection with this procedure was 1,000 CFU per

gram of feces for the obligate anaerobes, Bacteroidaceae

and Bifidobacterium, and 100 CFU per gram of feces for

other bacteria. The reproducibility and stability of these

measurements have previously been shown.

Surveillance and Definition of Infection

Body temperature was measured continuously. Surveil-

lance cultures from urine, blood, and sputum were per-

formed routinely for each patient. In cases of suspected

infection, laboratory testing, chest X-ray, and computed

tomography scanning were performed as necessary.

Enteritis was diagnosed in accordance with the definition

of the National Nosocomial Infections Surveillance system

[19]. Bacteremia was defined as a positive blood culture.

These new infectious complications and mortality were

evaluated within 60 days from admission.

Statistical Analysis

Analysis was performed using infectious complications and

mortality as the binary outcome variable. Age, sex,

APACHE II score on admission, the usage of antibiotics

and nine species of bacteria in the fecal samples were used

as potential predictor covariates. Classification and

regression trees (CART) is a binary recursive partitioning

using nonparametric approaches. It is a popular method for

identifying high-risk and poor prognosis groups. The

overall study group is split into two subgroups using the

most powerful predictor of the outcome. This splitting is

repeated within the subgroups until no further significant

splits are found or the subgroups become too small. The

results are displayed in the binary trees structure which, in

a final step, is pruned as necessary. CART was used in

order to determine a key bacterium and the cutoff value for

infectious complications and mortality [20]. Ordinary and

exact logistic regressions were performed to evaluate

quantitatively the effect of the covariates that were sug-

gested by analysis of CART.

To evaluate the changes of fecal flora, we represented

these changes for the minimum, maximum and average of

each patient. The method is as follows. First, the minimum,

maximum, and average data of each patient were selected

from all fecal bacterial data. In the case of mortality, the

last data were selected for independent covariates addi-

tionally. Second, recursive partitioning was used to create a

tree using the whole independent covariates. Third, we

selected three predominant covariates and made a logistic

regression model. Predictive accuracy of CART was

evaluated using sensitivity, specificity for infectious com-

plications (enteritis and bacteremia) and mortality. All

statistical tests were two-sided at a significance level of

0.05. Statistical analysis was performed with CART ver-

sion 6.0 (Salford Systems), StatXact version 8.0 (Cytel

Inc.) and SAS version 9.1 (SAS Institute Inc.).

Results

Patient characteristics are listed in Table 1. The study

group was comprised of 48 men and 33 women with a

mean (±SD) age of 57.4 ± 20.3 years. The origin of

severe SIRS was sepsis in 50 patients, trauma in 23

patients, and major burns in eight patients. Acute Physi-

ology and Chronic Health Evaluation (APACHE II score)

on admission was 17.1 ± 7.1. The number of antibiotics

Table 1 Patients characteristics with severe systemic inflammatory

response syndrome (SIRS) (n = 81)

Characteristic Value

Age (year) 57.4 ± 20.3a

Sex (male/female) 48/33

APACHE II 17.1 ± 7.1a

Origins of SIRS

Sepsis 50

Pneumonia 14

Necrotizing fasciitis 12

Enteritis 5

Peritonitis 12

Catheter Infection 3

Others 4

Trauma 23

Injury severity score 27 ± 8

Location of main injury

Head and neck 11

Thorax 3

Abdomen 7

Pelvis 2

Burns 8

Development of new complications

Enteritis 22

Bacteremia 23

Deaths 25

Origins of Bacteremia

Staphylococcus species 15

Pseudomonas aeruginosa 6

Enterococcus faecalis 4

Escherichia coli 3

Others 5

a Mean ± standard deviation (SD)
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type was 4.3 ± 2.6, and the duration of antibiotics usage

was 19.6 ± 20.0 days. Infectious complications such as

enteritis and bacteremia occurred in 22 and 23 patients,

respectively. Mortality was 30.9%. Analysis of blood cul-

tures showed Staphylococcus species in 15 patients,

P. aeruginosa in six patients, Enterococcus faecalis in four

patients, Escherichia coli in three patients and others.

The total number of fecal samples was 271. Each patient

had 3.3 ± 2.8 samples, and the date when the sample was

taken was 21.1 ± 15.6 days after admission (mean ± SD).

Characteristics of the minimum, maximum, and average

data from each patient are shown in Table 2. CART and

multivariate logistic regression of the predominant covar-

iates were developed for the following dependent covari-

ates: enteritis, bacteremia, and mortality (Table 3).

Enteritis The primary split was determined to be the

minimum number of total obligate anaerobes and the cutoff

value was 8.9 (log10CFU/g). Further partitioning was based

on the maximum number of Staphylococcus and Entero-

coccus. The incidences of enteritis in each partition are

shown in Fig. 1. The diagnostic characteristics of this tree

are sensitivity 77.3% and specificity 72.9%.

Bacteremia The primary split was determined to be the

minimum number of total obligate anaerobes and the cutoff

value was 8.9 (log10CFU/g). Further partitioning was based

on the maximum number of total facultative anaerobes.

The incidences of bacteremia in each partition are shown in

Fig. 2. The diagnostic characteristics of this tree are sen-

sitivity 69.6% and specificity 84.5%.

Table 2 Characteristics of gut flora (n = 81)

Covariates Minimum Maximum Average Last data Normal

Total obligate anaerobes 8.3 ± 2.6 10.6 ± 0.2 9.7 ± 1.0 9.6 ± 1.0 10.5 ± 0.5

Bacteroidaceae 8.5 ± 1.5 10.2 ± 0.2 9.4 ± 0.8 8.4 ± 2.8 10.1 ± 0.4

Bifidobacterium 5.0 ± 4.0 9.8 ± 0.3 6.0 ± 1.5 7.1 ± 3.5 9.6 ± 0.7

Lecithinase-positive Clostridium 0.3 ± 1.0 4.0 ± 0.9 1.6 ± 1.1 0.8 ± 1.8 2.1 ± 0.7

Total facultative anaerobes 6.6 ± 2.0 9.1 ± 0.9 8.0 ± 0.9 8.4 ± 1.6 7.5 ± 0.4

Lactobacillus 2.2 ± 2.3 6.5 ± 1.4 4.4 ± 1.6 4.7 ± 3.0 5.0 ± 1.0

Enterobacteriaceae 3.8 ± 3.0 8.1 ± 0.8 6.1 ± 1.7 5.6 ± 2.8 7.4 ± 0.8

Enterococcus 5.3 ± 2.5 8.6 ± 1.1 7.2 ± 1.3 7.6 ± 2.2 7.0 ± 0.9

Staphylococcus 1.8 ± 1.2 5.4 ± 1.7 3.7 ± 1.1 4.5 ± 1.9 2.7 ± 0.8

Pseudomonas ND 3.7 ± 3.0 1.4 ± 1.4 2.0 ± 2.8 ND

Candida 0.6 ± 1.3 4.1 ± 1.2 2.1 ± 1.2 1.4 ± 2.1 2.0 ± 0.5

Data as mean ± standard deviation (Log10counts/g feces)

ND not detected, normal healthy volunteers (n = 14)

Table 3 Results of multivariate logistic regression analysis

Covariates Coeff (b) SE (b) P Value OR 95% CI

Lower Upper

Enteritis

Total obligate anaerobes (min) -1.33 0.59 0.042 0.26 0.07 0.96

Staphylococcus (max) 1.54 0.60 0.018 4.67 1.26 18.71

Enterococcus (max) -0.70 0.60 0.376 0.50 0.12 1.89

Bacteremia

Total obligate anaerobes (min) -2.61 0.62 \0.001 0.07 0.02 0.23

Total facultative anaerobes (max) 1.80 0.88 0.04 6.07 1.26 45.98

Mortality

Total obligate anaerobes -3.84 0.83 \0.001 0.02 0.00 0.12

Total facultative anaerobes 3.09 0.90 \0.001 22.02 3.38 256.72

Age 3.60 1.04 \0.001 36.63 3.92 639.06

Coeff (b) coefficient, SE (b) standard error of coefficient, OR odds ratio, 95% CI 95% confidence interval, Total obligate anaerobes (min), the

minimum number of total obligate anaerobes, Staphylococcus (max) the maximum number of Staphylococcus, Enterococcus (max) the maximum

number of Enterococcus, Total facultative anaerobes (min) the minimum number of total facultative anaerobes
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Mortality The primary split was determined to be the

number of total obligate anaerobes at the last sample and

the cutoff value was 9.4 (log10CFU/g). Further partitioning

was based on total facultative anaerobes and age. The

mortality in each partition is shown in Fig. 3. The diag-

nostic characteristics of this tree are sensitivity 80.0% and

specificity 91.1%.

The APACHE II score on admission was 18.2 ± 7.1 in

patients with total obligate anaerobes B9.4 (log10CFU/g),

and 18.1 ± 13.4 in patients with total obligate anaerobes

39.4 (log10CFU/g) (mean ± SD). There was no significant

difference in APACHE II score between the two groups. In

patients with total obligate anaerobes B9.4 (log10CFU/g),

the APACHE II score was 17.1 ± 5.2 in patients with total

facultative anaerobes B8.0 (log10CFU/g), and 18.9 ±

8.2 in patients with total facultative anaerobes 38.0

(log10CFU/g) (mean ± SD). There was no significant dif-

ference in APACHE II score between the two groups. In

patients with total obligate anaerobes 39.4 (log10CFU/g),

the APACHE II score was 18.6 ± 14.6 in patients B80

years of age, and 15.5 ± 6.3 in patients 380 years of age

(mean ± SD). There was no significant difference in

APACHE II score between the two groups. The APACHE

II score on admission was not selected as a major covariate

by CART analysis.

Discussion

This study provides the first in vivo evidence that an altered

gut flora is associated with infectious complications and

mortality in patients with severe SIRS using CART and

logistic regression.

CART is a commonly used method for identifying high-

risk and poor prognosis groups. We selected this method

because we wanted to identify both the key bacteria for

infectious complications and mortality, and to determine

the utility of the partition number as a clinical marker. In

this study, the most predictive factor for enteritis and

bacteremia was the minimum number of total obligate

Fig. 1 Incidences of enteritis partitioned by total obligate anaerobes

(min), Staphylococcus (max), and Enterococcus (max) using CART.

Total obligate anaerobes (min), the minimum number of total

obligate anaerobes; Staphylococcus (max), the maximum number of

Staphylococcus; Enterococcus (max), the maximum number of

Enterococcus; CART, classification and regression trees

Fig. 2 Incidences of bacteremia partitioned by total obligate anaer-

obes (min) and total facultative anaerobes (min) using CART. Total
obligate anaerobes (min), the minimum number of total obligate

anaerobes; Total facultative anaerobes (max), the maximum number

of total facultative anaerobes; CART, classification and regression

trees

Fig. 3 Mortality partitioned by total obligate anaerobes, total facul-

tative anaerobes, and age using CART. Total obligate anaerobes, the

number of total obligate anaerobes; Total facultative anaerobes, the

number of total facultative anaerobes at the last sample; CART,

classification and regression trees
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bacteria. The number of obligate anaerobes in the last

sample was the most predictive factor for mortality. These

results showed that alteration of the gut flora, not only the

facultative anaerobes but also the total obligate anaerobes,

is a potential prognostic factor in patients with severe

SIRS.

Obligate anaerobes inhibit the growth of other bacteria,

a phenomenon referred to as ‘‘colonization resistance’’

[21]. Previous animal studies have shown a very low

incidence of bacterial translocation when obligate anaer-

obes are maintained in the gut, suggesting that obligate

anaerobic bacteria are the principal inhibitors of bacterial

overgrowth and translocation of potentially pathogenic

bacteria [22].

In this study, the minimum number of total facultative

anaerobes was also one of the dominant covariates for

bacteremia. In our previous study, analysis of fecal flora

showed that SIRS patients had markedly lower total

anaerobic bacterial counts (particularly of beneficial Bifi-

dobacterium and Lactobacillus) and higher total facultative

anaerobes such as Staphylococcus and Pseudomonas

counts than those of healthy volunteers [13]. In patients

who showed bacterial translocation, Gram-negative facul-

tative anaerobes were the most common organisms iden-

tified in mesenteric lymph nodes and serosal scrapings at

laparotomy; obligate anaerobes were cultured less fre-

quently [23]. These findings indicate that the equilibrium

between obligate anaerobes and total facultative anaerobes

plays a critical role in causing septic complications in

severely ill patients. A decrease in obligate anaerobes and

an increase in total facultative anaerobes may weaken

intestinal resistance to pathogens. Since antibiotics were

used in most patients in our study, further study is needed

to evaluate if the altered gut flora was mainly due to severe

SIRS or other factors such as antibiotics.

The age was detected as one of the dominant covari-

ates for mortality even when the number of total obligate

anaerobes was within the normal range. Previous reports

have shown that immune functions decrease with ageing

[24]. The composition of the gut flora shifts with aging,

with increased facultative anaerobes and decreased ben-

eficial bacteria such as the Lactobacillus and Bifidobac-

terium, which have been reported in studies of elderly

people compared with younger people [25], implying a

more fragile balance of the gut flora. There is evidence

showing that, when ageing, the barrier function of the gut

weakens with increased gut permeability [26]. These

findings indicate that the combination of the weakened

overall immune defense together with the fragile intesti-

nal flora balance could have resulted in the finding that

the elderly could easily develop enteritis under critically

ill conditions even when the number of total obligate

anaerobes was normal.

As for enteritis, the first split was the number of the

minimum of total obligate anaerobes, which was the same

as found for bacteremia. The second split was the maxi-

mum number of Staphylococcus. The increase in S. aureus

and the decrease in total obligate anaerobes was an

important predictive factor for the progression of bactere-

mia. The third split was the number of the maximum of

Enterococcus. Enterococcus is generally considered as

having an ambiguous status concerning its safety assess-

ment procedure. On the one hand, Enterococcus is a natural

member of the digestive microbiota in humans and can

produce bacteriocins against other virulent bacteria and has

a protective influence on the gut. On the other hand,

Enterococcus is considered as an emerging pathogen for

humans [27]. Further clarification is required about the

impact of the number of Enterococcus on enteritis.

This study did not aim at making an exact formula for

septic complications, but at finding out bacteria of high

risk. The alteration of normal gut flora may be more

important for development of septic complications than the

increase in pathogenic bacteria. The next target for our

study is to maintain gut flora and in this way attain any

associated clinical benefits. Further study is needed to

clarify the mechanism by which a decrease in total obligate

anaerobes induces lethal infectious complications and

mortality in SIRS patients.

In conclusion, a decrease in total obligate anaerobes and

an increase in pathogenic bacteria in the gut are associated

with septic complications and high mortality in patients

with severe SIRS, and these would be potential prognostic

markers of patient survival.
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