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Abstract

Purpose We investigated the clinical features of Bacte-
roides bacteremia for 5 years to determine the risk factors
for mortality and to ascertain whether bacteremia due to
Bacteroides spp. is associated with colorectal carcinoma.
Methods This study comprised a review of all patients
with Bacteroides bacteremia at a teaching hospital in
Tokyo from April 2003 to March 2008. We also conducted
a case—control study between Bacteroides bacteremia and
bacteremia due to other pathogens.

Results During the study period, 25 cases of bacteremia
were due to Bacteroides spp. Bacteroides bacteremia was
associated with a high mortality rate (24%). Malignancy
(76%) was the major comorbidity, followed by a history of
surgery (40%). Colorectal carcinoma was the most frequent
(n = 8, 32%) of the comorbid malignancies and was rec-
ognized as the primary infection site in six cases. Preva-
lence of colorectal carcinoma as comorbidity was
significantly higher in Bacteroides bacteremia than in other
bacteremia.

Conclusions In the Bacteroides bacteremia cases of this
study, colorectal carcinoma was the major comorbidity and
primary infection site. Colorectal carcinoma screening in
Bacteroides bacteremia patients is potentially an important
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diagnostic marker for the early detection of this infection in
the future.

Keywords Bacteroides spp. - Bacteremia - Colorectal
carcinoma - Clinical features

Introduction

Buacteroides spp. are Gram-negative anaerobes that are the
most commonly isolated pathogens from human infections
[1]. Bacteroides spp. normally colonize the gut, yet some
species are opportunistic human pathogens, causing
infection of the peritoneal cavity, infection following
gastrointestinal surgery, and appendicitis due to abscess
formation [1, 2].

Mortality from bacteremia caused by Bacteroides spp.
has been high due to the natural resistance of Bacteroides
spp. to many antibiotic drugs [3-5]. In the 1990s, the
introduction and wide-spread use of preoperative antibiotic
prophylaxis and broad-spectrum antibiotic drugs resulted in
the dramatic decrease the occurrence of anaerobic infec-
tions [0, 7]. However, recent reports indicate that anaerobic
infections have reemerged as a serious health threat, and so
anaerobes, such as Bacteroides spp., are once again being
recognized as important pathogens [8].

An increased prevalence of enterotoxigenic Bacteroides
Jfragilis (ETBF), which belongs to the genus Bacteroides,
has been reported in the stools of colorectal cancer patients,
and ETBF has also been found to promote colon tumori-
genesis [9, 10]. In studies focusing on the association
between carcinoma and bacteremia, Strepfococcus bovis
has been reported to be a pathogen associated with colon
carcinoma and, therefore, screening of colon carcinoma is
recommended when S. bovis bacteremia is diagnosed [I1].
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However, there is as yet no published study on whether
bacteremia due to Bacteroides spp. occurs in association
with colorectal carcinoma.

In the study reported here, we reviewed the clinical
backgrounds of cases of Bacteroides bacteremia to deter-
mine whether colon carcinoma as comorbidity or primary
infection site was associated with the presence of Bacte-
roides bacteremia.

Methods
Study population

All patients with Bacteroides bacteremia from April 2003
to March 2008 at the University of Tokyo Hospital
(a teaching hospital, 1,150 beds) in Japan were enrolled in
this study. The ethical committee of the University of
Tokyo approved this project.

Case definition

In this study, bacteremia was defined as at least one blood
culture positive for Bacteroides spp. in the presence of signs
and symptoms of infection. including fever, chills, disori-
entation, hypotension, and respiratory failure. Elevation of
the serum C reactive protein level (>0.3 mg/dl) and white
blood cell counts (>10,000/mm?®) in the peripheral blood
was useful as an adjunct to the diagnosis of infection. The
onset of bacteremia was defined as the day of the first
positive blood culture. Bacteremia cases that occurred

>30 days after the initial episode were defined as new cases.

Microbiology

Blood specimens were inoculated into BacT/ALERT blood
culture bottles, and the blood culture was assessed to be
positive automatically by BacT/ALERT 3D systems (bio-
Mérieux, Marcy I'Etoile, France). When growth was
detected, microorganisms were identified by the Vitek I
system (bioMérieux). To identify the anaerobes, including
Bacteroides spp., we used the Vitek ANI card and vitek
software (ver. VTK-RO7.01, bioMérieux). Antibacterial
susceptibility assays to determine the minimum inhibitory
concentrations of antibacterial agents were performed by
broth microdilution methods according to the guidelines
M11-A7 recommended by Clinical Laboratory Standards
Institute [12].

Evaluation of clinical background

The clinical courses of the patients were retrospec-
tively reviewed to determine the following demographic

@ Springer

characteristics: age; gender; severity of illness at the onset
of bacteremia; underlying factors (malignancy, diabetes
mellitus, use of steroids or immunosuppressive agents,
liver cirrhosis, a history of surgery, previous antibiotic
use); primary infection site; bacteremia-attributable mor-
tality. The definition of ‘a history of surgery’ included
cases in which any surgery had been performed before the
onset of Bacteroides bacteremia. The definition of ‘previ-
ous antibiotic use’ referred to the use of an antibiotic drug
14 days before the onset of Bacteroides bacteremia. The
Sepsis-related Organ Failure Assessment (SOFA) score
was used to measure the severity of each patient’s infection
[13]. The definition of bacteremia-attributable mortality
was the number of patients whose death was due to
bacteremia.

Case—control study

A case-control study was performed to evaluate the spe-
cific characteristics of bacteremia due to Bacteroides spp.
compared to the characteristics of bacteremia due to bac-
teria other than Bacteroides spp. Case subjects were those
patients with Bacteroides bacteremia. By random sampling
the same numbers of case subjects, control subjects were
selected from hospitalized patients who had bacteremia due
to bacteria other than Bacteroides spp.

Statistical analysis

The results are expressed as the mean + standard deviation
(SD) unless otherwise indicated. The Student’s ¢ test or
Mann-Whitney U test for continuous variables and the
Fisher’s exact test were used when appropriate to compare
proportions. All P values are two-sided and were consid-
ered to be statistically significant at P < 0.05.

Results

During the study period in our hospital, there were 2,307
cases of bacteremia, of which 25 (1.08%) were due to
Bacteroides spp. The species of Bacteroides identified
included the B. fragilis group (13 cases), B. eggerthii
(1 case), and B. uniformis (1 case); in ten cases, the species
could not be identified. Seventeen men and eight women
were included in the study.

Of the 25 cases, six patients (24%) died of Bacteroides
bacteremia, of whom all died specifically due to Bacte-
roides septicemia although one patient had end-stage
pancreas carcinoma that may also have played a role in the
death. Mean SOFA score (£SD) at the onset of presenta-
tion was 3.68 &= 2.79 and was statistically significant
between surviving patients and those with a negative
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outcome (2.79 £ 1.90 vs. 6.50 £ 3.54, respectively;
P = 0.046). No other clinical factors were identified as
being statistically significant between the surviving
patients and those that died. Of the 25 patients with
Bacteroides bacteremia, 14 (56%) had a prior history of
antibiotic use. The major comorbid condition was malig-
nancy (n = 19, 76%), followed by a history of surgery
(n = 10, 40%). There were six cases (24%) of polymicro-
bial infections, including those caused by Escherichia coli
(2 cases) and by Enterococcus faecalis, Stenotrophomonas
maltophilia, Veillonella, and Staphylococcus epidermidis (1
case each). Resistance to clindamycin, aminobenzylpeni-
cillin, and piperacillin was present in 12 (48%), 25 (100%),
and 13 (52%) cases, respectively.

The major comorbid malignancy was colorectal carci-
noma (n = 8, 32%). Of the cases where bacteremia occur-
red after surgery, the surgeries included hemorrhoidectomy
(1 case), dialysis shunt (1 cases), liver transplantation
(2 cases), radical operation in colon carcinoma (2 cases),
and a radical operation in other types of carcinoma (3 cases).

In terms of treatment, carbapenem was administered to
21 patients (84%) and ceftriaxone, cefozopran, and cipro-
floxacin were each administered to one patient. No anti-
biotic drug was administered in only one case. Surgical
interventions included abscess drainage (5 cases), intra-
peritoneal lavage and sutural repair (5 cases), and abscess
removal (3 cases).

The primary infection site was identified as peritonitis (6
cases, 24%), abscess [11 cases (44%): circumintestinal (4
cases, 16%; liver (4 cases, 16%); lymphocyst (1 case, 4%;
vertebral (1 case, 4%); lung abscess (1 case, 4%)], and
cholangitis (3 cases, 12%). In five cases, the primary
infection site was unknown, including four cases (16%) of
febrile neutropenia.

Taking into account that colorectal carcinoma was the
major comorbid condition of Bacteroides bacteremia, we
investigated whether Bacteroides bacteremia was associ-
ated with colorectal carcinoma as the primary infection
site. Six cases (24%) were associated with colorectal car-
cinoma. These cases had comorbidity of colorectal carci-
noma, with the primary site of bacteremia being an abscess
around the colorectal carcinoma or peritonitis due to rup-
ture of the colon by invasion of the colorectal carcinoma.
Primary infection sites of the other two cases with colo-
rectal carcinoma were cholangitis and liver abscess. During
hospitalization of the patients for Bacteroides bacteremia,
colorectal carcinoma was detected in four of the six
patients.

In order to investigate whether Bacteroides bacteremia
frequently occurred in association with colorectal carci-
noma, we compared Bacteroides bacteremia cases and
other bacteremia cases as the controls (Table 1). The
prevalence of colorectal carcinoma as the comorbidity was

significantly higher with Bacteroides bacteremia than with
other bacteremia (32 vs. 4%, respectively; P = 0.02),
although the prevalences of other carcinomas were not
significantly different between Bacteroides bacteremia
cases and control cases. There were also significant dif-
ferences in the frequency of colorectal carcinoma as the
primary infection site between Bacteroides bacteremia and
other bacteremia.

We then compared the characteristics of Bacteroides
bacteremia cases which were associated with colorectal
carcinoma and Bacteroides bacteremia cases which were not
associated with colorectal carcinoma. We found no signifi-
cant difference between colorectal carcinoma-associated
cases and non-associated cases in Bacteroides bacteremia.
Although without statistical significance, colorectal carci-
noma-associated cases tended not to be associated with
a history of surgery (0 vs. 53%, P = 0.05) or previous
antibiotic use (1 vs. 68%, P = 0.06) compared to non-
associated cases.

Discussion

Mortality attributable to Bacteroides bacteremia is known
to be high, varying from 7.8% in the absence of B. fragilis
up to 28% in cases of B. fragilis bacteremia [14]. There
have also been other reports of a high mortality rate
attributable to anaerobic bacteremia, including that caused
by Bacteroides spp. [1, 15]. In our study, a high mortality
rate (24%) was also attributable to Bacteroides bacteremia.
The severity of the illness, susceptibility to the antibiotic
drugs, and the appropriateness of treatment are commonly
known factors that affect the prognosis of Bacteroides
bacteremia [16]. However, in our patients, bacteremia-
attributable mortality was associated with the severity of
the illness—not with susceptibility to the antibiotics or
surgical intervention. In our hospital, susceptibility to
aminobenzylpenicillin, clindamycin, and piperacillin is
routinely measured, although susceptibility to other anti-
biotic drugs, including carbapenem, is not routinely tested
for. In most of the patients enrolled in this study, carba-
penem was administered (84%). However, we were unable
to obtain data on the rate of patients for whom the appro-
priate antibiotics were given. Resistant rates of B. fragilis
to carbapenems have been reported to be less than 1% [17,
18]. It would therefore be reasonable to treat Bacteroides
bacteremia with carbapenems in a hospital in which sus-
ceptibility testing of carbapenems is not available.

In this study, we demonstrated that patients with Bac-
teroides bacteremia tended to have colorectal carcinoma
and that the colorectal carcinoma was the primary infection
site of the Bacteroides bacteremia. Panwalker [19] reported
that 87 (11%) of 793 patients with Bacteroides bacteremia
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Table 1 Differences in clinical characteristics between Bacteroides bacteremia and non-Bacteroides bacteremia

Bacteroides (n = 25) Non-Bacteroides® (n = 25) P value
Gender (male) 17 (68) 17 (68) 1.00
Age, years (mean == SD) 62.6 = 14.6 62.1 + 16.5 0.91
Comorbid conditions
Malignancy 19 (76) 17 (68) 0.75
Colorectal 8 (32) 1 (4) 0.02
Pancreatic 4 (16) 0 (0) 0.11
Hematological 3(12) 5(20) 0.70
Hepatobiliary 2(8) 4 (16) 0.67
Urological 14 2(8) 1.00
Bronchopulmonary 1 (4) 0 1.00
Craniocervical 0 () 3(12) 0.24
Gastroesophageal 0 ) 3(12) 0.24
Others 1° (4) 1 (4) 1.00
A history of surgery 10 (40) 17 (68) 0.09
Immunosuppressive agents 6 (24) 4 (16) 0.73
Liver cirrhosis 2 (8) 3(12) 1.00
Diabetes mellitus 3(12) 14 0.61
Presence of other pathogens 6 (24) 2 (8) 0.25
Association with colorectal carcinoma 6 (24) 0 (0) 0.02
Bacteremia-attributable mortality 6 (24) 3(12) 0.46

Data are present as the number (n) of cases, with the percentage in parenthesis, unless otherwise indicated

SD standard deviation

* Non-Bacteroides include the following species and numbers of each species: Bacillus spp., 1; Enterobacter cloacae, 1; Enterococcus Jfaecium,
2; Escherichia coli, 1; Klebsiella oxytoca, 1; Klebsiella pneumoniae, 3; Proteus mirabilis, 1; Pseudomonas aeruginosa, 2; Pseudomonas putida,
15 Serratia marcescens, 1; Staphylococcus aureus, 4; Staphylococcus spp., 4; Streptococcus Group (viridans), 1; Streptococcus spp. (2),2

® Ovarian carcinoma

¢ Occult primary carcinoma

had colon carcinoma. However, the authors did not con-
clude that the colon carcinoma was caused primarily by the
Bacteroides bacteremia because in most cases the bacter-
emia occurred after intra-abdominal surgery. In compari-
son, in our study, there was no history of surgery in six
cases (24%) of colorectal carcinoma as the primary infec-
tion site. From this result, we conclude that Bacteroides
bacteremia can occur frequently in relation to colorectal
carcinoma. Indeed, in four of the six cases associated with
colorectal carcinoma, hospitalization of the patient due to
Bacteroides bacteremia led to the detection of colorectal
carcinoma. We suggest, therefore, that in cases of bacter-
emia due to Bacteroides spp., screening for colorectal
carcinoma should be considered.

We found that colorectal carcinoma-associated cases of
Bacteroides bacteremia tended not to be associated with
surgical history and previous antibiotic use, although the
differences were not significant. Intra-abdominal surgery
has been a popularly accepted risk factor of Bacteroides
bacteremia, and previous antibiotic use may lead to several
changes in the normal intestinal flora, such as increased
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Bacteroides spp. in the intestinal tract which would
increase the risk of Bacteroides bacteremia based on
reports that the increase in intestinal bacteria is associated
with bacterial translocation [16, 20]. Therefore, surgery
and previous antibiotic drugs are thought to be independent
risk factors of Bacteroides bacteremia. We suggest that
patients with Bacteroides bacteremia and no history of
operation or previous antibiotic use be carefully examined
for the presence of colorectal carcinoma.

There are several limitations to our study. First, this
study is a retrospective study conducted in only one insti-
tute, and the enrolled patient population is small. Secondly,
this study was cross-sectional and could not prove the
cause and effect of the occurrence of Bacteroides bacter-
emia. In this case—control study, controls were selected
from all bacteremia patients by random sampling due to the
presence of pathogens other than Bacteroides spp. —not
from all anaerobic bacteremia patients. We considered that
these “other anaerobic bacteremia” cases were microbio-
logically adequate as controls, although the total number of
such cases was much less than that of Bacteroides
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bacteremia cases. For example, there were only four bac-
teremia cases due to Peptostreptcoccus spp. and seven
cases due to Fusobacterium spp. during the study period in
our hospital. Selecting cases of other anaerobic bacteremia
may be biased in this study, and more cases of anaerobic
bacteremia will be required to compare Bacteroides bac-
teremia cases. A large series of cases are needed to dem-
onstrate that patients with colorectal carcinoma tend to be
affected with Bacteroides bacteremia more than patients
without colorectal carcinoma.

Despite the limitations to this study, this is the first study
to demonstrate that bacteremia due to Bacteroides spp. is
associated with colorectal carcinoma. We have presented
colorectal carcinoma screening in cases of Bacteroides
bacteremia, especially in those patients without a history of
surgery or previous antibiotic use.

Conflict of interest None.
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Abstract Gram staining is a useful technique for
detecting bacteria but is highly questionable in detecting
Mycobacterium  tuberculosis. Its detection generally
requires special staining, such as Ziehl-Neelsen staining.
We experienced three cases in which tuberculosis was first
suggested by Gram staining of sputum or pus, confirmed by
Ziehl-Neelsen staining, and diagnosed by polymerase
chain reaction or culture. To find colorless tubercle bacilli
in clinical samples with various organisms, varying the
focus to slightly longer and shorter during study of the
slides is indispensable. We present criteria for detecting
infective pulmonary tuberculosis in Gram staining. First, in
the ordinary focus, weakly stained, thin, gram-positive
bacilli are found; second, with a slightly longer focus
distance, the thin, cord-like, conspicuous gram-positive
bacilli can be observed; and third, with a shorter focus
distance, the gram-positive bacilli have changed into the
brightened, colorless, or ghost ones. Four laboratory tech-
nologists each evaluated 20 Gram-stained samples after
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being lectured on the criteria, with no prior information
about the sample. They accurately evaluated the presence
of the bacilli in Gram-stained preparations in more than
90% of samples containing 34 bacilli on Ziehl-Neelsen
staining. Gram staining is available as an easy and rapid
initial clue to recognize highly infective tuberculosis.

Keywords Gram stain - Mycobacterium tuberculosis -
Ziehl-Neelsen staining

Gram staining is a useful technique for detecting bacteria in
infectious diseases. It is widely believed that the Gram
stain can identify most bacteria, including mycobacteria
[1]. Its role in the detection of mycobacteria, however, is
highly questionable, as acid-fast stains are normally used
for that purpose [1]. Special staining, such as Ziehl-
Neelsen (Z-N) staining, is essential in detecting of Myco-
bacterium tuberculosis, which remains the most rapid,
convenient, and least expensive method of directly
detecting mycobacteria in specimens [2]. Subsequent
confirmation by culture is also mandatory.

Major textbooks of microbiology, clinical pulmonary
medicine, and clinical pathology generally fail to address
in detail the staining characteristics of this organism with
stains other than acid-fast techniques, either ignoring the
Gram stain appearance of the tubercle bacillus or reporting
a faint gram-positive quality [3].

In some textbooks, one and/or two patterns of Gram-
stained tubercle bacilli have been described. M. tubercu-
losis often shows neutral staining [4], often appears as
beaded gram-positive bacilli, or fails to stain at all [2]; it
may appear to be gram positive, but the bacilli take up the
stain weakly and irregularly and without requiring iodine
treatment fo retain it [1], or show weak gram-positive
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staining and appears as colorless rods or “ghosts” [5]. In
the literature, there are some reports of characteristics
in Gram staining of M. tuberculosis as “gram-neutral”
(neither positive nor negative) appearance. Hinson et al.
reported a case in which Gram staining of sputum con-
taining many mycobacteria resulted in a remarkable
“gram-neutral” (neither positive nor negative) appearance
of the mycobacteria. They first used the terms “gram-
neutral” or “gram-ghost” to describe the failure of acid-
fast bacilli in sputum to take up either crystal violet (gram-
positive) or safranin (gram-negative). They have shown
that the tubercle bacillus is neither gram-positive nor gram-
negative on nonfixed slides of sputum [3]. Trifiro et al. [1]
also reported the finding of ghost mycobacteria when slides
were fixed with methanol and formalin. They have shown
that purulent sputum without organisms on Gram stain
should merit a search for acid-fast bacilli [3] and that
observation of ghost bacilli on the initial Gram stain pro-
vides an early and helpful diagnostic clue before confir-
mation of mycobacteria is made by more specific stains
[1, 3]. However, there is generally no description of Gram
staining as a useful stain for M. tuberculosis in the text-
books. The reason why the usefulness of Gram stain as a
helpful diagnostic clue has not been well recognized might
be the absence of criteria or procedural searching for M.
tuberculosis on Gram stain, especially in purulent sputum
with various organisms.

We experienced three cases in which M. tuberculosis
infection was first suggested by Gram staining of sputum or
pus, confirmed by Z-N staining, and diagnosed by poly-
merase chain reaction (PCR) or culture. In one case, ghost
bacilli in purulent pus without organisms were observed, as
in the cases of Hinson and Trifiro. However, in the other
two cases, observation of various amounts of gram-nega-
tive and/or gram-positive organisms with no conspicuous
ghost bacilli in the purulent sputum led to understanding, at
one glance, of bacterial pneumonia. In the ordinary pro-
cedure of focusing in slides of purulent sputa, neutrophils
first are brought into focus to check the adequacy of the
safranin stain and to investigate phagocytosed bacteria, in
which focus gram-negative and/or gram-positive organisms
are also brought into focus. After once setting a focus, there
is no need to change it to detect causative organisms. In the
focus, tubercle bacilli were weakly stained as unclear thin
cord-like positive rods or sometimes inconspicuous neutral
crystal-like fragments (Fig. 1). This technique may explain
why tubercle bacilli are most likely to be missed in gram-
stained purulent sputum with various organisms so far and
that the stain has been comsidered useless in detecting
pulmonary tuberculosis in spite of the positive observations
by Hinson and Trifiro. However, with a slightly longer
focal distance, the weakly stained gram-positive cord-like
rod had changed into a clear conspicuous gram-positive

@ Springer

thin bacilli, although the other organisms were out of focus
(Fig. 2). In the next step, with shorter focus distance,
brightened and colorless bacilli, “gram-neutral” or “gram-
ghost,” were revealed (Fig. 3). Our experience has shown
that, when the sample contains various organisms, chang-
ing the focus of the microscope slightly during the exam-
ination of the slide is indispensable in searching for
tubercle bacilli and that the staining characteristics of the
bacilli in Gram stain is a biphasic stain pattern; by
changing the focus, conspicuous thin, long, gram-positive
bacilli appear to change into gram-neutral bacilli. Thus, we
present the following criteria, a procedure for detecting
infective pulmonary tuberculosis in Gram staining.
(1) First, in ordinary focus, weakly stained, gram-positive
long bacilli are found in samples (see Fig. 1); (2) then, with
a slightly longer focus distance, the gram-positive, thin
cord-like bacilli can be clearly observed (see Fig. 2); and
(3) with a shorter focus distance, the gram-positive bacilli
have changed into the brightened, colorless, or ghost bacilli
(see Fig. 3).

The purpose of this study was to check whether the
presented criteria are effective enough for technologists
with various levels of analyzing skill to detect the bacilli in
clinical samples. Thus, we taught the criteria before they
analyzed their preparations. We also checked the level of
smear positivity grade of the bacilli found in Gram stain-
ing by comparison with Z-N staining. Twenty samples
obtained from inpatients or outpatients with tuberculosis
at Teikyo University Hospital between April 2007 and
September 2009 were analyzed. Samples included those of
sputum (n = 16), bronchoalveolar lavage fluid (BALF)
(n = 2), pleural effusion (n =1), and pus (n=1).
M. tuberculosis was diagnosed by PCR or culture. The
samples were subjected to Z-N staining, and scored for
tubercle bacilli (none, 14, 2+, and 3+) according to the
criteria of the Japanese Society of Tuberculosis by one
laboratory technologist: 1+ indicates one to nine bacteria
per 100 hundred fields (x1,000); 2+, more than ten bac-
teria per 100 fields; and 3+, more than ten bacteria per
field. Six, 6, 2, and 6 samples had a score of none, 1+, 2+,
or 3+, respectively.

Four laboratory technologists who had been trained in
bacteriology at our hospital analyzed each of the 20 Gram-
stained preparations and assigned scores according to the
specified grouping criteria. They had no prior information
about the presence of bacilli in the samples. They accu-
rately evaluated the presence or absence of the bacilli in the
clinical samples in 91.7% of the cases (22/24) when no
tubercle bacilli were present and in 48.2% of the cases (27/
56) when bacilli were present in various numbers (14 to
3+) according to Z-N staining. However, in samples with
a tubercle bacilli score of 3+ on Z-N staining, they
accurately evaluated the presence of the bacilli in 95.8%
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Fig. 1 Gram staining of sputum under ordinary focus (x1,000).
There are many gram-negative rods. However, some weakly stained,
thin, long gram-positive rods are scattered

(23/24) of the cases, indicating the usefulness of Gram
staining in detecting infective M. ruberculosis. By using the
criteria, to confirm the ease of detection, three sixth-year
medical students with no bacteriological training checked
the samples after being lectured on the criteria, although
both the number of samples (six samples; three 34 and
three negative on Z-N staining) and the number of fields
they checked (10-20) were few. Two of the students
showed 100% accuracy of detection in both groups, and the
third student misread one sample each in both groups.

Thus, they accurately evaluated the infective number of

bacilli in 89% (8/9) of the cases.

With regard to sensitivity, Gram staining is relatively
insensitive. The specimen must contain about 100,000
organisms/ml before visualization is possible [6]. The
sensitivity of the acid-fast stain has been estimated to be
5,000-10,000 bacilli/ml of sputum [4], indicating that Z-N
staining is 10- to 20 fold more sensitive than Gram stain-
ing; this may explain, in part, why the sensitivity of Gram
staining in finding tubercle bacilli was not high. However,
when technologists were given information that the sample
contained tubercle bacilli, they sometimes picked up the
bacilli even when their level was only 1+ (data not shown).
Therefore, with increasing skill, it may be possible to
detect infective tuberculosis with greater sensitivity by
Gram staining. The ease of the procedure was confirmed by
both the technologists and the medical students, although
the number of students participating in this study was
small.

There are certain types of images to which attention
must be paid to avoid misidentification on Gram staining.
Crystal-like fragments are sometimes visualized as thin,
brightened, neutral, and positive rods when changing the
focus, which misled one of the students.

Fig. 2 Gram staining of sputum with slightly longer focus distance
(x1,000). When weakly stained gram-positive rods are found, turning
the dial to adopt a slightly longer focus distance will clearly show
gram-positive cord-like bacilli

Fig. 3 Gram staining of sputum with slightly shorter focus distance
(x1,000). The next step after detection of gram-positive cord-like
bacilli is to turn the dial to a slightly shorter focus distance to reveal
brightened rods and colorless bacilli

Hinson and Trifiro beneficially observed tubercle bacilli
as the ghost type in Gram staining in clinical samples. In
addition, we have shown that only with changing focus
does M. tuberculosis have biphasic stain patterns, gram-
positive staining and colorless rods or “ghosts™ patterns,
and that Gram staining can recognize highly infective
M. tuberculosis with ease and rapidly for the first time,
indicating its usefulness as an initial diagnostic clue for
pulmonary tuberculosis. The delay in diagnosis of pul-
monary tuberculosis includes the delay in Z-N staining of
sputum, which is sometimes done after the therapy by the
first antimicrobial agent has proven unsuccessful. This
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study have shown that, on initial Gram staining before
antimicrobial agent therapy, careful focus-changing
examination is routinely needed as initial check for
pulmonary tuberculosis, especially when patients have
predisposing factors to active tuberculosis, such as diabetes
mellitus, liver cirrhosis, hemodialysis, and administration
of immunosuppressive drugs.

The tuberculosis epidemic is far from over and is
aggravated by multi-drug-resistant tubercle bacilli and the
even more dangerous form, extensively drug-resistant
tubercle bacilli. The focus-changing technique of Gram
staining will contribute as a helpful diagnostic clue before
confirmation of tuberculosis for technologists, especially in
developing countries. Further studies are needed to clarify
the usefulness of Gram staining in finding infectious
tuberculosis in various clinical fields or situations.

@ Springer

References

1. Trifiro S, Bourgault AM, Lebel F. Ghost mycobacteria on Gram
stain. J Clin Microbiol. 1990;28:146-7.

2. Inderlied CB. Mycobacteria. In: Infectious Diseases. 2nd ed.
Edinburgh: Mosby Elsevier Limited; 2004. p. 2297.

3. Hinson JM, Bradsher RW, Bodner SJ. Gram-stain neutrality of
Mycobacterium tuberculosis. Am Rev Respir Dis. 1981;123:365-6.

4. Raviglione MC, O’Brien RJ. Tuberculosis. In: Fauci AS, Braun-
wald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, Loscalzo
J, editors. Harrison’s Principal of Internal Medicine. 17th ed. New
York: McGraw-Hill; 2008. p. 1006.

5. Fitzgerald D, Haas D. Mycobacterium tuberculosis. In: Mandell
GL, Bennett JE, Dolin R, editors. Principles and practice of
infectious diseases. 6th ed. Philadelphia: Elsevier Churchill
Livingstone; 2005. p. 2853.

6. Conlon CP, Snydman DR. The laboratory. In: Mosby’s color atlas
and text of infectious diseases. Edinburgh: Mosby Elsevier; 2000.
p. 10.



J Infect Chemother (2011) 17:278-282
DOI 10.1007/s10156-010-0114-0

87

Pseudomonas putida bacteremia in adult patients:
five case reports and a review of the literature

Yusuke Yoshino - Takatoshi Kitazawa -
Mahoko Kamimura - Keita Tatsuno -
Yasuo Ota - Hiroshi Yotsuyanagi

Received: 7 June 2010/ Accepted: 28 July 2010/ Published online: 1 September 2010
© Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases 2010

Abstract Pseudomonas putida belongs to the fluorescent
group of Pseudomonas species, a group of opportunistic
pathogens that primarily cause nosocomial infections.
However, few cases of P. putida bacteremia in adult
patients have been reported. We report five cases of
P. putida bacteremia in adult patients and review 23 pre-
viously reported cases. Our five patients consisted of three
cases of catheter-related bloodstream infection (CRBSI),
one case of indwelling biliary drainage tube-related cho-
langitis, and one case of cholecystitis. Many of the 23
previously reported cases also included CRBSI. Of the
clinical backgrounds, in all 28 reported cases including
ours, 24 (85.7%) were immunocompromised. Of the clin-
ical management, in CRBSI, devices were removed in
almost all cases (92.9%). Antibiotic susceptibility data of
our five cases and another previous case showed that
patients with bacteremia had a high susceptibility of
P. putida to anti-pseudomonal fi-lactams. The prognosis for
bacteremia with P. putida was good, as 26 (92.9%) of the
total 28 cases were cured.
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Introduction

Pseudomonas spp. are aerobic Gram-negative bacteria.
Due to their ability to metabolize a wide range of
compounds, members of this species are able to colonize
soil, fresh water and moist environments [1, 2]. These
bacteria can act as opportunistic pathogens that primarily
cause nosocomial infections. Pseudomonas aeruginosa is
the most prevalent pathogen among the genus Pseudo-
monas, yet non-aeruginosa Pseudomonas have also been
associated with clinical infections [3-5]. Pseudomonas
putida, which belongs to the fluorescent group of Pseu-
domonas spp., has been recognized as a rare pathogen of
bacteremia. Most reported cases of bacteremia with
P. putida have been neonatal infections or outbreak
infections due to transfusion of contaminated blood or
fluid [6-8]. P. putida can acquire broad resistance to
f-lactam antibiotics, and some isolates of this organism
are capable of producing metallo-f-lactamases [9-12].
Despite this, there have been few reports about antimi-
crobial susceptibilities in bacteremia. Clinical courses of
bacteremia with P. putida have not been precisely
described due to the rarity of reported infections from
P. putida, which comprises mostly immunocompromised
patients and newborns [6-8, 13]. We report five adult
cases of P. putida bacteremia occurring in our hospital
between April 2003 and March 2007. Upon a brief
review of the literature, we were able to identify clini-
cal characteristics of P. putida bacteremia and antimi-
crobial susceptibility of P. putida in these bacteremic
patients.
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Cases
Case 1

A 79-year-old man was admitted for gastrectomy due to
gastric cancer. After the surgery, cefmetazole was admin-
istered for 6 days because of postoperative prophylaxis. At
7 days post-operation, he became febrile. Peripheral cath-
eter-associated bacteremia was suspected because he
developed skin flare and pain at the insertion region with
no other findings at the site of infection. The catheter was
removed and cefmetazole was replaced with meropenem.
P. putida was identified on blood culture. The patient fully
recovered, and antibiotic treatment was continued for
10 days.

Case 2

A 76-year-old man was admitted for colectomy due to
sigmoid colon adenocarcinoma. He had liver cirrhosis with
hepatitis C virus and hepatocellular carcinoma. After the
colectomy, cephazolin was administered for 5 days as a
means of postoperative prophylaxis. At 6 days post-oper-
ation, he had a fever and diarrhea. As catheter-associated
bacteremia and Clostridium difficile-associated diarrhea
were suspected, the peripheral vein catheter was removed.
Cephazolin was replaced with intravenous ceftazidime and
oral vancomycin. P. putida was identified on cultures from
blood and the catheter. The stool examination tested
positive for C. difficile toxin. The patient fully recovered
and antibiotic treatment was continued for 10 days.

Case 3

A 52-year-old woman with Burkitt lymphoma was admit-
ted for induction chemotherapy. On day 15 post-chemo-
therapy, her neutrophil count reduced to 240/ul and she
developed a fever of 39.5°C. For febrile neutropenia
treatment, meropenem administration was initiated, and a
central vein catheter was removed. P. putida was isolated
on cultures from blood and the central vein catheter. She
recovered from fever 3 days after antibiotic therapy,
although meropenem was switched to ciprofloxacin on day
20 post-chemotherapy because the strain was resistant to
almost all f-lactams. Antibiotic therapy with ciprofloxacin
was continued for 10 days.

Case 4

A 48-year-old man with liver cirrhosis due to hepatitis B
virus and hepatocellular carcinoma underwent liver trans-
plantation. He was discharged with an indwelling biliary
drainage tube and continuing to take 11 mg of tacrolimus

and 12 mg of methyl prednisolone. Two months after
discharge, he visited the emergency room with a fever and
shivering. On the blood test, his C reactive protein level
was 5.63 mg/dl, and white blood cell count was 18,100/pl.
Hepatobiliary enzyme levels were not elevated. Indwelling
drainage tube was clogged. Abdominal ultrasonography
showed slight dilation of the biliary duct, which was sug-
gestive of device related acute cholangitis. The biliary
drainage tube was removed and endoscopic retrograde
biliary drainage was performed. Intravenous administration
of ceftazidime and vancomycin was initiated. P. putida was
identified on blood culture, although no organism was
cultured from bile. He fully recovered and antibiotic ther-
apy was continued for 10 days.

Case 5

A 27-year-old man was admitted to hospital with fever that
had persisted for 4 weeks and cough that had persisted for
5 days. He had common variable immunodeficiency after
developing autoimmune hemolytic anemia at the age of
24 years and has been taking 15 mg of prednisolone daily.
On chest CT, ground glass-like infiltrates were identified in
the bilateral lung, and because the blood (1 — 3)-f-p-
glucan level was 293.1 pg/ml, Pneumocystis jirovecii
pneumonia (PCP) was suspected. After 2 weeks of treat-
ment with trimethoprim—sulfamethoxazole, the patient
recovered. On day 4 after the termination of PCP treatment,
however, he became febrile again. On the blood test, the
aspartate aminotransferase level was 131 IU/l, the alanine
aminotransferase level was 310 IU/I, and total bilirubin
was 3.3 mg/dl. Panipenem-betamipron was initiated.
Abdominal CT showed thickening of the gallbladder wall
and fluid around the gall bladder, which was indicative of
acute cholecystitis. Percutaneous transhepatic gallbladder
drainage was performed. P. putida and Klebsiella oxytoca
were identified on blood cultures. No organism was cul-
tured from bile. He fully recovered and treatment was
continued for 18 days.

Discussion

P. putida has been recognized as a rare pathogen of bac-
teremia in adult patients. The five reported cases of
P. putida bacteremia in our hospital accounted for 0.22%
of the 2307 cases of bacteremia that occurred from April
2003 to March 2007. In the literature, only 23 cases have
been reported, excluding paediatric and outbreak cases due
to transfusion of contaminated blood or fluid (Table 1)
[14-19].

Among the five cases reported herein, four had a med-
ical device as the primary infection site. In 21 cases of
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Table 1 Review of the literature, including our five cases

No. Citation  Age/gender Co-morbidities Primary Indwelling Antibiotics Outcome
infection site device
1 [15] 65/female Surgery for maxillary Acute vC Kanamycin, Cured
sinus carcinoma cholecystitis cephalothin
2 30/female Surgery for ectopic Unknown vC Nothing Cured
pregnancy
3 [18] 19/female ALL CRBSI CVC, removal Moxalactam Cured
4 45/female CML Unknown CVC, removal Ceftriaxone, Cured
amikacin
5 50/male Lung cancer Pneumonia CvC Cefoperazone, Cured
mezlocillin
6 72/male Smoldering leukemia Unknown CVvC Piperacillin, Cured
ceftazidime
7 36/male AML CRBSI cve Moxalactam, Cured
ticarcillin,
tobramycin
8 25/male AML CRBSI CVC, removal Nothing Cured
9-14  [14] 18-61%/male (3), Lymphoma (4), AL (1), CRBSI (6)b VC (6), removal  Nothing (5), Cured
female (3) myeloma (1) (6)° antibiotic
drug (1)
15 [19] 18/female APL Thrombophlebitis  Unknown Imipenem, Cured
amikacin
16 62/male RHD, CHF Unknown Unknown Ceftazidime Died
17 32/male Infective endocarditis Unknown Unknown Imipenem, amikacin ~ Cured
18 70/female Cerebral infarction Acute tonsillitis Unknown Piperacillin Cured
19 70/female Carcinoma of cervix Pneumonia Unknown Piperacillin, Cured
gentamicin
20 23/female CHF CRBSI CVC, removal Cefotaxime, Cured
oxacillin
21 23/female Trauma Unknown Unknown Cefoperazone, Cured
netilmicin
22 79/male Gastric cancer Unknown Unknown Cefazolin, Died
gentamicin
23 [16] 78/female Nothing Soft tissue Nothing Ceftazidime Cured
infection
24 Our 79/male Post-gastrectomy CRBSI PVC, removal Meropenem Cured
cases (gastric carcinoma)
25 76/male LC, post-colectomy CRBSI PVC, removal Ceftazidime Cured
(colon carcinoma)
26 52/female Burkitt lymphoma CRBSI CVC, removal Meropenem, Cured
ciprofloxacin
27 48/male LC, post-liver Acute Biliary drainage  Ceftazidime Cured
transplantation (HCC) cholangitis tube, removal
28 27/male CVID, ATHA Acute Nothing Panipenem, Cured
cholecystitis betamipron

VC central venous catheter or peripheral venous catheter, PVC peripheral venous catheter, CVC central venous catheter, CRBSI catheter related
blood stream infection, ALL acute lymphoblastic leukemia, CML chronic myelogenous leukemia, AML acute myelogenous leukemia, AL acute
leukemia, RHD rheumatoid heart disease, CHF congestive heart failure, LC liver cirrhosis, HCC hepatocellular carcinoma, CVID common

variable immunodeficiency, AIHA autoimmune hemolytic anemia

? Age range

® Definite (4) or probable (2)
¢ As primary (5) or secondary (1) treatment

¢ Antibacterial drug was administrated in one case as a primary treatment, but the name of the drug was not mentioned
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Table 2 Antibiotic susceptibilities of P. putida in our five cases

Antibiotics Susceptible Intermediate Resistant
Piperacillin 4 (80) 1 (20) 0 (0)
Ceftazidime 4 (80) 0O 1 (20)
Cefotaxime 1 (20) 2 (40) 1 (20)
Aztreonam 1 (20) 2 (40) 2 (40)
Meropenem 4 (80) 0 () 1(20)
Imipenem/cilastatin 3 (60) 0 (0) 2 (40)
Gentamicin 4 (80) 1 (20) 0 (0)
Amikacin 5 (100) 0 0 ()
Ciprofloxacin 5 (100) 0 () 0 (0)

Numbers shown in parentheses represent the percentage of cases that
are susceptible or resistant to the different antibiotics

Antibacterial susceptibility assays to determine the minimum inhibi-
tory concentrations (MICs) of antibacterial agents were performed by
broth microdilution according to guidelines recommended by the
Clinical Laboratory Standards Institute (CLSI)

identified primary infection sites including our cases, 13
(61.9%) were device related, and among these cases, 12
were CRBSI (92.9%). Of the device-associated infections,
the ability of microorganisms to adhere to materials and to
promote the formation of a biofilm appears to be the most
important feature of their pathogenicity [20]. P. putida are
able to form biofilms [21]. For treatment of P. putida
bacteremia, the medical device was removed in 12 (92.3%)
of the 13 cases. Thus, when P. putida is isolated on blood
culture of a patient with a medical device, device-related
bacteremia should be mostly suspected and the device
should be removed.

In addition to device-related infection, acute cholecys-
titis was evident in 2t cases (9.5%) and pneumonia in 2
cases (9.5%). P. putida has been reported to cause urinary
tract infection as well as pneumonia in several cases [19].
We thought that like P. aeruginosa, P. putida could also
colonize the respiratory tract and urinary tract in immu-
nocompromised patients. Since P. putida can be detected in
the normal oropharyngeal flora [22, 23], it may also cause
cholecystitis by colonizing the intestinal tract.

Considering the clinical background, 24 (85.7%) of the
28 cases were in an immunocompromised state (from the
use of immunosuppressive drugs, liver cirrhosis, malig-
nancy or other immunosuppressive diseases, or post-oper-
ation). Although this factor might be biased as the previous
cases comprised those from a cancer center only, limiting
the clinical background to cancer patients. Our five cases
were all in an immunocompromised state. P. putida,
therefore, could cause bacteremia, particularly in an
immunocompromised patient, though the overall incidence
of bacteremia with P. putida still remains low.

The rate of susceptibility of P. putida to antibiotics in
our five cases is shown in Table 2. In case 3, P. putida

was found to be resistant to both ceftazidime, an anti-
pseudomonal cephalosporin, and to carbapenem, while in
the other four cases, P. putida was susceptible to those
antibiotics. In case 4, P. putida was resistant to imipenem/
cilastatin but not to meropenem. We speculate that a long
duration of imipenem/cilastatin use in this case would be
related to resistance to imipenem/cilastatin, as in the case
of P. aeruginosa which develops resistant strains that
survive during antibiotic use [24]. In previous reports,
P. putida isolated from the urinary tract, tracheal aspira-
tion, and areas other than blood of bacteremia patients, has
been found to acquire metallo-f-lactamases and were
resistant to most f-lactams, including carbapenems
[10-12]. On the other hand, Anaissie reported that of most
of the clinical isolates, P. putida in bacteremic patients
was susceptible to ceftazidime, imipenem, and ciproflox-
acin [18]. We considered that in order to investigate the
cause of high-rate susceptible strains in the blood, com-
paring susceptibilities of P. putida in patients with pneu-
monia or urinary tract infections to that in patients with
bacteremia is imperative.

Prognosis of P. putida bacteremia was good, whereby
26 (92.9%) out of 28 cases were cured. Yang reported that
in one of two cases where the patient died, inappropriate
antibiotic therapy to other co-pathogens was a possible
contributing factor [19]. Bacteremia with another Pseudo-
monas sp., P. aeruginosa is known to result in poor
prognosis of the disease. Mortality of P. aeruginosa bac-
teremia has been reported at over 30% [25, 26]. We believe
the reason for a better prognosis from P. putida bacteremia
was that the major cause of the bacteremia was device
related, and infected devices were removed in most cases.
However, we cannot exclude the possibility of bacterio-
logical factors causing bacteremia, such as pyocyanin,
exotoxin A, or the type III secretion system that can arise
from P. aeruginosa infection but not from P. putida [27].

In conclusion, we report five adult cases of P. putida
bacteremia. These cases displayed clinical characteristics:
device relatedness as a major cause of bacteremia, an
immunocompromised host, a high susceptibility of strains
to S-lactams, and a good prognosis overall.

References

1. Favero MS, Carson LA, Bond WW, Petersen NJ. Pseudomonas
aeruginosa: growth in distilled water from hospitals. Science.
1971;173(999):836-8.

2. Penna VT, Martins SA, Mazzola PG. Identification of bacteria in
drinking and purified water during the monitoring of a typical
water purification system. BMC Public Health. 2002;2:13.

3. Roig P, Orti A, Navarro V. Meningitis due to Pseudomonas
stutzeri in a patient infected with human immunodeficiency virus.
Clin Infect Dis. 1996;22(3):587-8.

@ Springer



282

91
J Infect Chemother (2011) 17:278-282

4.

9.

10.

16.

Hsueh PR, Teng LJ, Pan HJ, Chen YC, Sun CC, Ho SW, et al.
Qutbreak of Pseudomonas fluorescens bacteremia among oncol-
ogy patients. J Clin Microbiol. 1998;36(10):2914-7.

. Rastogi S, Sperber SJ. Facial cellulitis and Pseudomonas luteola

bacteremia in an otherwise healthy patient. Diagn Microbiol
Infect Dis. 1998;32(4):303-5.

. Bouallegue O, Mzoughi R, Weill FX, Mahdhaoui N, Ben Salem Y,

Sboui H, et al. Outbreak of Pseudomonas putida bacteraemia in a
neonatal intensive care unit. J Hosp Infect. 2004;57(1):88-91.

. Ladhani S, Bhutta ZA. Neonatal Pseudomonas putida infection

presenting as staphylococcal scalded skin syndrome. Eur J Clin
Microbiol Infect Dis. 1998;17(9):642-4.

. Taylor M, Keane CT, Falkiner FR. Pseudomonas putida in

transfused blood. Lancet. 1984;2(8394):107.
Docquier JD, Riccio ML, Mugnaioli C, Luzzaro F, Endimiani A,
Toniolo A, et al. IMP-12, a new plasmid-encoded metallo-beta-
lactamase from a Pseudomonas putida clinical isolate. Antimic-
rob Agents Chemother. 2003;47(5):1522-8.
Almuzara M, Radice M, de Garate N, Kossman A, Cuirolo A,
Santella G, et al. VIM-2-producing Pseudomonas putida, Buenos
Aires. Emerg Infect Dis. 2007;13(4):668-9.

. Bogaerts P, Huang TD, Rodriguez-Villalobos H, Bauraing C,

Deplano A, Struelens MJ, et al. Nosocomial infections caused by
multidrug-resistant Pseudomonas putida isolates producing VIM-
2 and VIM-4 metallo-beta-lactamases. J Antimicrob Chemother.
2008;61(3):749-51.

. Lee K, Park AJ, Kim MY, Lee HJ, Cho JH, Kang JO, et al.

Metallo-beta-lactamase-producing Pseudomonas spp. in Korea:
high prevalence of isolates with VIM-2 type and emergence of
isolates with IMP-1 type. Yonsei Med J. 2009;50(3):335-9.

. Centers for Disease Control (CDC). Reported contamination of

heparin sodium with Pseudomonas putida. MMWR Morb Mortal
Wkly Rep 1986;35(8):123-4.

. Martino R, Martinez C, Pericas R, Salazar R, Sola C, Brunet S,

et al. Bacteremia due to glucose non-fermenting gram-negative
bacilli in patients with hematological neoplasias and solid tumors.
Eur J Clin Microbiol Infect Dis. 1996;15(7):610-5.

. Von Graevenitz A, Weinstein J. Pathogenic significance of

Pseudomonas fluorescens and Pseudomonas putida. Yale J Biol
Med. 1971;44(3):265-73.

Chen CH, Hsiu RH, Liu CE, Young TG. Pseudomonas putida
bacteremia due to soft tissue infection contracted in a flooded

@ Springer

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

area of central Taiwan: a case report. J Microbiol Immunol Infect.
2005:38(4):293-5.

Spelman DW, Russo P, Harrington G, Davis BB, Rabinov M,
Smith JA, et al. Risk factors for surgical wound infection and
bacteraemia following coronary artery bypass surgery. Aust NZ J
Surg. 2000;70(1):47-51.

Anaissie E, Fainstein V, Miller P, Kassamali H, Pitlik S, Bodey
GP, et al. Pseudomonas putida. Newly recognized pathogen in
patients with cancer. Am J Med. 1987;82(6):1191-4.

Yang CH, Young T, Peng MY, Weng MC. Clinical spectrum of
Pseudomonas putida infection. J Formos Med Assoc. 1996;
95(10):754-61.

von Eiff C, Jansen B, Kohnen W, Becker K. Infections associated
with medical devices: pathogenesis, management and prophy-
laxis. Drugs. 2005;65(2):179-214.

Tolker-Nielsen T, Brinch UC, Ragas PC, Andersen JB, Jacobsen
CS. Molin S. Development and dynamics of Pseudomonas sp
biofilms. J Bacteriol. 2000;182(22):6482-9.

Koh AY, Priebe GP, Pier GB. Virulence of Pseudomonas aeru-
ginosa in a murine model of gastrointestinal colonization and
dissemination in neutropenia. Infect Immun. 2005;73(4):
2262-72.

Carlson D, McKeen E, Mitchell M, Torres B, Parad R, Comeau
AM, et al. Oropharyngeal flora in healthy infants: observations
and implications for cystic fibrosis care. Pediatr Pulmonol.
2009:44(5):497-502.

24. Mouton JW, den Hollander JG, Horrevorts AM. Emergence of

antibiotic resistance amongst Pseudomonas aeruginosa isolates
from patients with cystic fibrosis. J Antimicrob Chemother.
1993:31(6):919-26.

Kang CI, Kim SH, Kim HB, Park SW, Choe YJ, Oh MD, et al.
Pseudomonas aeruginosa bacteremia: risk factors for mortality
and influence of delayed receipt of effective antimicrobial ther-
apy on clinical outcome. Clin Infect Dis. 2003;37(6):745-51.
Osmon S, Ward S, Fraser VJ, Kollef MH. Hospital mortality for
patients with bacteremia due to Staphylococcus aureus or Pseu-
domonas aeruginosa. Chest. 2004;125(2):607-16.

Nelson KE, Weinel C, Paulsen IT, Dodson RJ, Hilbert H, Martins
dos Santos VA, et al. Complete genome sequence and compar-
ative analysis of the metabolically versatile Pseudomonas putida
KT2440. Environ Microbiol. 2002;4(12):799-808.



92

" PLOS Ohe

OPEN ¢ ACCESS Freely available online

Change of Positive Selection Pressure on HIV-1 Envelope
Gene Inferred by Early and Recent Samples

Izumi Yoshida', Wataru Sugiura®>, Junko Shibata'?, Fengrong Ren'*, Ziheng Yang®, Hiroshi Tanaka'

1 School of Biomedical Sciences, Tokyo Medical and Dental University, Tokyo, Japan, 2 AIDS Research Center, National Institute of Infectious Diseases, Tokyo, Japan,
3 Clinical Research Center, National Nagoya Medical Center, Nagoya, Japan, 4 Department of Biology, University College London, London, United Kingdom

Abstract

HIV=1 infection has been on the rise in Japan recently, and the main transmission route has changed from blood
transmission in the 1980s to homo- and/or hetero-sexual transmission in the 2000s. The lack of early viral samples with
clinical information made it difficult to investigate the possible virological changes over time. In this study, we sequenced
142 full-length env. genes collected from 16 Japanese subjects infected with HIV-1 in the 1980s and in the 2000s. We
examined the diversity change in sequences and potential adaptive evolution of the virus to the host population. We used a
codon-based likelihood method under the branch-site and clade models to detect positive selection operating on the virus.
The clade model was extended to account for different positive selection pressures in.different viral populations. The result
showed that the selection pressure was weaker in the 2000s than in the 1980s, indicating that it might have become easier
for the HIV to infect a new host and to develop into AIDS now than 20 years ago and that the HIV may be becoming more
virulent in. the Japanese population. The study provides useful information on the surveillance of HIV. infection and
highlights the utility of the extended clade models in analysis of virus populations which may be under different selection
pressures. :
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Introduction

Whether human immunodeficiency virus type 1 (HIV-1) has
reached peak virulence or has started evolving toward attenuation
is controversial, with different studies suggesting that HIV-1
virulence has been increasing [1,2,3,4,5,6], stable [7,8] or
decreasing [9,10]. Arien et al. [11] proposed a model in which
the viral virulence can be ecither attenuated or increasing
depending on the genetic diversity of the host population. In a
human population with mixed HLA (Human Leukocyte Antigen)
alleles and diverse host polymorphisms, the CTL (cytotoxic T
lymphocyte) response of the recipient may recognize a different set
of HIV-1 epitopes from the donor, so that new mutations in viral
epitopes may be necessary for CTL escape, which may cause a
reduced viral fitness and lead to HIV-1 attenuation. In contrast, in
a homogenous human population with little HLA and genetic
diversity, the virus with acquired escape mutations from the donor
may escape the CTL response of the recipient as well, so that the
virus may become even more virulent leading to rapid disease
progression.

In Japan, the number of HIV-1 infected individuals is increasing
in recent years, and the main route of infection has changed from
blood transmission in the 1980s to homo- and/or heterosexual
transmission in the 2000s. The change of transmission routes may
affect the pathogenicity of the virus circulating in the population.
However, the lack of early viral samples makes it difficult to study
possible changes in viral pathogenicity. In this study, we sequenced
the full-length env gene from HIV-1 samples collected in the late
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1980s from six Japanese subjects. In order to investigate possible
changes in viral diversity and pathogenicity, we also sequenced the
env gene from HIV-1 samples collected in the 2000s from 10
Japanese subjects.

The env gene is the fastest-evolving gene in the HIV-1 genome
[12,13,14,15]. While new mutations in the env gene may allow the
virus to escape from host immune response, they may also disrupt
the function of env as the viral envelope. Such conflicting selective
pressures shape the evolutionary dynamics of the virus and its
population diversity. In this study, we are interested in the extent
by which the env gene has been able to diversify at the population
and individual levels, and whether the virus has been undergoing
adaptive evolution. Since CD4 counts and information on viral
load were unavailable for the early samples, we employed
computational approaches to infer diversity changes and to detect
positive selection acting on the env gene. In particular, we are
interested in whether positive selection pressure differs between the
carly and recent samples and between within-host and between-
host evolution [16,17]. We are also interested in detecting sites in
the env gene targeted by the human immune system.

Results

Sequences from seven early subjects and 10 recent

subjects were successfully obtained

Information concerning the transmission routes and sampling
times of all subjects are shown in Table 1. Since not all the early
samples were preserved in ideal conditions, we sequenced only
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Table 1. Clinical information for the 16 subjects.

Subject No. Transmission route Infection time Sampling date

From' 19805 "&[ .
02 Blood products Unknown
03 Blood produc Unknown

31 Homosexual Unknown

33 - Heterosexual Unknown

40 Blood products Unknown
From 2000s

so7 | Homesswal | am o aes
6739 Heterosexual 2000 2005
6326‘*\‘ﬂ[J‘ H0”“”€an;'ff7:: 'izopoﬁ: 7 | R
6871 ‘ ”Hoyrﬁo‘sek'ua! 2004 o

6946 Heterosexual 005

e it 2006'

7015

Heterosexual
706 Ho

: bl 200
7259 ’Hetel'osexuél Unknown -
7353 Heteosextal  Unknown
7374 - Hofﬁoséxuél ' 2004

doi:10.1371/journal.pone.0018630.t001

seven of the 16 carly subjects. By using Subtype Reference
Alignments [18], the viral samples [rom one of seven early subjects
were identified as subtype C, while all other early subjects as well
as all recent subjects were confirmed to be subtype B. We thus
removed the subtype C samples from our analysis. Forty-four
sequences for the carly group were obtained from PBMC
(peripheral blood mononuclear cell) samples as the blood plasma
samples could not be amplified by PCR, while 98 sequences for
the recent group were obtained from blood plasma samples. Only
2 sequences were collected from each of subjects 3 and 31 in the
carly group. In total, 142 full-length env gene sequences were
obtained from the 16 subjects and used for further analysis. These
sequences have been deposited in the DDBJ/EMBL/GenBank
databases under accession numbers AB5838196-AB588337 (142
entries).

As the codon-based analysis assumes no recombination within
the sequence, we run the program RIP 3.0 to detect possible
recombinants. The results showed that none of the 142 subtype B
sequences was recombinant with other subtypes. For co-receptor
usage, WebPSSM program predicted all samples to be CCR5-
using viruses.

No significant difference in within-host diversity between
the two groups

The phylogenetic tree of 142 env sequences was reconstructed
using the Neighbor-joining method in MEGA4 [19] under the
K80+G model [20] (Fig. 1). This tree is used in the codon-based
maximum likelihood (ML) analysis. The robustness of our results
to the tree topology is examined later, by duplicating the
analysis using the ML tee under the GTR+G model (PhyML)
[21]. In both the NJ and ML trees, viral sequences from the
same subject formed a distinct cluster, with the between-host
branches to be much longer than the within-host branches.
These results are compatible with a severe bottleneck at cach
new infection.
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The viral diversity was calculated by measuring nucleotide
diversity () implemented in MEGA4. The between-host diversity
was inferred to be 0.062 for samples of the 1980s and 0.118 for
samples of the 2000s. The recent group had larger between-host
diversity than the early group, which may simply reflect the
accumulation of new mutations over time. The within-host
diversities for the early and recent samples almost remained the
same (0.012 vs. 0.011).

Positive selection on the viral env gene has become
weaker in the 2000s

We used the branch-sitc model [22,23,24] to detect positive
selection operating on the HIV-1 env gene, with the selective
pressure measured by the nonsynonymous/synonymous rate ratio
@ [25]. In this model, branches on the phylogeny are partitioned a
priort into two categories: the foreground branches which may
potentially be under positive selection, and the background
branches along which positive selection is assumed to be absent.
On the background branches, some sites are strongly conserved
with 0<wy<<1 while others are evolving neutrally with @, = 1. On
the foreground branches some of those sites become under positive
selection with wy=1. The parameters in the model representing
the proportions of site classes and the w ratios are summarized in
Table 2. The branch-site test compares the null model which
assumes o = 1 against the alternative model with wy=1, with one
degree of freedom used. The test allows detection of positive
selection affecting the foreground branches even though most
codons in the gene are under purifying selection.

We expect the human immune system to exert selective pressure
on the virus, but the pressure may differ in the 1980s and in the
2000s or between within-host and between-host evolution. We
conducted four analyses in which different branches in the
reconstructed tree (Fig. 1) were designated as the foreground
branches: (a) 1980s-within, (b) 2000s-within, (c) 1980s-between,
and (d) 2000s-hetween (Fig. 52). The results are summarized in
Table 3. The test result was significant with p<<1% in all four
analyses, indicating that positive selection most likely operated
during both within-host evolution and hetween-host evolution and
both in the 1980s and in the 2000s. Estimates of @y under the
model suggest that the selection pressure was stronger between
hosts than within host. Interestingly, the early samples were under
stronger selection even though the recent samples showed higher
between-host diversity. We note that the use of @, estimates in the
branch-site model to measure the strength of positive selection
may suffer from the strong correlation between estimates of s and
Wy, as it is difficult to distinguish fewer sites under strong selection
from more sites under weak selection. Thus we also calculated
another heuristic measure of positive selection pressure: fomq, with
the expectation that both a higher wy and a higher py indicate
stronger positive selection. Use of this measure instead of wy leads
to the same conclusions.

The branch-site model has the limitation that it allows only two
types of branches (foreground and background) and positive
selection is assumed not to occur on the background branches. For
the HIV-1 env genes, it is possible that all branches on the tree have
some sites under positive selection. The assumption of no positive
sclection on the background branches may affect the estimation of
the strength of positive selection pressure along the foreground
branches. Thus we extended the clade model C of Bielawski and
Yang [26] to allow for more than two branch types (see Methods).
The original model C allows for two branch types (clades) and
assumes three site classes: site class 0 of conserved sites with wy<1,
site class 1 of neutral sites with w; =1, and site class 2 with
different selective pressures (wo and ws) in the two clades. We
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Figure 1. Unrooted phylogenetic tree of 142 env gene
sequences from 16 Japanese subjects. The tree was constructed
by using the neighbour-joining method (MEGA4). The 16 subjects are
indicated as S_subject-number (Table 1). Viral samples from the 1980s
are indicated in red while those from the 2000s are in blue. The higher
bootstrap values (>70%) for major nodes were shown on the tree.
doi:10.1371/journal.pone.0018630.g001

extend this model to allow for more than two branch types, which
have different rate ratios wy and ws, ... for site class 2 [27]. We
specify five branch types in our analysis: 1980s-within, 2000s-
within, 1980s-between, and 2000s-between, with all other
branches grouped into one branch type. The results are
summarized in Table 4. Estimates of the w ratios for site class 2
for the five branch types (wq-wg) indicate positive selection for
each branch type, but the selective pressure is weaker in the 2000s
than in the 1980s. Indeed, estimates of wo-wg under the clade
model are in the same order as estimates of @, under the branch-
site. model when the four branch types were individually
designated as the foreground branches (Table 3). The results
obtained from the two analyses are thus consistent.

We furthermore used the extended clade model to conduct two
likelihood ratio tests to examine whether the positive selection
pressure has changed between the 1980s and the 2000s. The null
hypothesis for the first test is that the positive selection pressure for
within-host evolution is the same in the 1980s and in the 2000s
(w3 = wy). The log likelihood was calculated either with or without
this constraint, producing 2A€ = 32.10. The null hypothesis is thus
rejected, with p<<1%. The null hypothesis for the second test is that
the positive selection pressure for between-host evolution is the
same in the 1980s and in the 2000s (ws = wg). This is also rejected,
with 2A€¢ =22.06, and p<<1% and d.L. = 1.

Positively selected sites were detected in both early and

recent samples

Amino acid sites inferred to be under positive selection by the
BEB (Bayes Empirical Bayes) approach under the branch-site
model at the P=95% level are listed in Table 3. We compared
those sites with antibody binding sites in the HIV Molecular
Immunology Database [28]. Some inferred sites are located in
indel-rich regions and are difficult to be identified in the reference
sequence HXB2. These sites were excluded. All other inferred sites
were identified within at least one of epitope regions for antibody,
CTL/CD8 and T-Helper/CD4 (Table 5). Furthermore, each of
the four branch-site analyses detected three sites under positive
selection within one of the epitopes presented by HLA alleles
commonly observed in the Japanese population (with frequency
>10%) [29]. Importantly, two of the three sites in the V1-V5
regions, 204V and 420K, were detected to be under positive

Table 2. Parameters in the branch-site model.

Site class  Proportion Background Foreground o

2b (1=po—p1)p1/(Potp1) ; wy=1

Note. This is the alternative model of the branch-site test of positive selection.
The null model fixes m,=1.
doi:10.1371/journal.pone.0018630.t002
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Table 3. Log-likelihood values and parameter estimates under the branch-site models.

Foreground branch Al Parameter estimates

Detected sites

1980s-within =~

2000s-within 38.05 Po=0.622 p;=0.302 p,=0.076

e =0.076 w1 =1 @w,=3.082
26473 po=0633 py=0337 py=
o 0078c< o3=12.5

= 0‘625 p1=0.337 py=0.047
wg =0.078 w; =1 wy=5.655

1980s-between -

2000s-between 58.58

0031;

3V 151 153A 158T 159i 161G 163*1645 166- 174- 175- 176+

12H S6K 203T 226P 228D 231 2_>4D 366H 408E 415 452N
461- 463- 466G 476T 523H 530S 692D 708A 811D 903L

144D 145L 186T 187N 1885 204V 404K 411G 420K 447L 459-
161- 464V 470G 471S 474T 5261 5305 708A 794P

4OQ 95E 144D 145L 146R 1575 184N 186T 188S 204V 3417
351Q 466G 470G 472N 473N 530S 687L 708A 817R 866W 907Y

doi:10.1371/journal.pone.0018630.t003

sclection along the between-1980s branches, whereas none of
them was detected along the between-2000s branches.

Robustness of our results

Yap et al. ([30]; see also [31]) are concerned that estimation of
the @ ratio may be sensitive to model assumptions concerning
codon usage. The authors suggested alternative ways of accom-
modating nucleotide/codon frequencies in models of codon
substitution. Those models, like most early ones, are not based
on our understanding of the biological process but are instead
mathematical constructs aimed at fitting the datasets empirically
Nevertheless the potential sensitivity of our results to model
assumptions is a concern. We have examined the nucleotide
frequencies in our dataset, and found that they were nearly
identical between the recent and early viral samples. Our analysis
has been conducted under the F3 x4 model of codon usage, with
three nucleotide frequency parameters used for each codon
position [31]. To examine the robustness of the results to
assumptions concerning codon usage, we repeated the analysis
under the Fcodon model (CodonFreq =3 in copemr), which uses
the 61 codon frequencies as parameters. All frequency parameters
under the F3x4 and Fcodon models are estimated using the
observed frequencies in the data. The results obtained under the
Feodon model are listed in Supplementary Tables S1 and S2 for
the branch-site and clade models, respectively. They were very
similar to those obtained in the corresponding analyses under the
F3x4 model, indicating that our results may be robust to
assumptions concerning nucleotide/codon frequencies.

Furthermore, we assessed the impact of the tree topology on our
analysis. Instead of the NJ tree under K80+G, we also used the
ML tree inferred using PhyML under GTR+G. Note that only the

Table 4. Log-likelihood values and parameter estimates
under the clade model.

Class 0 Class 1 Class 2
Proportion . Pe=059T . p=0316.  p,=00%4
All othefs (:)0_0.073 w;=1 ' 'co2:5.766 o
1980s-within =~ ey Cep 0 w=4753
26005~Wit§1ih ‘ o @ N ’ (1)4-2.516
1980s-between w0 o . ,(05""—";7.'74‘9‘: .
ZOOCs—betweéﬁ : wa‘k a ‘ w,y wé‘zl‘l.‘ls;}

doi:10.1371/journal.pone.0018630.t004
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Note. Positively selected sites are those with posterior probability £>0.95, and those with P>0.99 are shown in bold. Sites were numbered according to our atignment
and the amino acids were from one of sequences sampled from subject 02 (0202).

tree topology is used in the codon-based analysis, and branch
lengths are re-estimated under the codon model. The results for
the ML tree are included in Supplementary Tables S3 and S4 for
the branch-site and clade models, respectively. These are highly
similar to the results obtained using the NJ tree, suggesting that
our conclusions may be robust to minor errors in the tree topology.

Discussion

In this study, we contrast the changes in genetic diversity and
adaptive evolution of the HIV-1 env gene between samples
collected in the 1980s, the beginning of HIV-1 pandemics, and
those collected after 2000, when the virus had spread worldwide
and multiple human to human transmissions had taken place.

We sequenced HIV-1 env genes from seven subjects sampled in the
1980s. The samples from six of seven subjects were identified as
subtype B. This finding is consistent with the observation that subtype
B has been the dominating subtype in Japan since 1980s [32]. Since
the carly blood plasma included heparin that inhibits PCR, none of
the early samples could be amplified from blood plasma and we had
to use PBMC instead. We were able to obtain full-length env genes
from both carly and recent samples in this study, which gave our
analysis an advantage over most previous studies on the env gene,
which usually used only partial env sequences [33,34,35].

No significant change in within-host diversity was found after
nearly two decades of evolution. The reconstructed phylogenetic
tree of 142 sequences demonstrated distinctly long internal
branches and short external branches, suggesting that only a
small number of viruses infected the new host cell at each
transmission so that these founder viruses usually are quite
different among hosts. Moreover, the viruses that successfully
infected new host cells are under strong selective pressure from the
host immune system, which limited within-host diversification, as
indicated by those small clusters on the tree. Therefore, those
individual-specific mutations harbored by founder viruses may
have a large impact on the within-host evolution and aflect the
prognosis of HIV infection.

In between-host HIV evolution, the reset of viral fitness by a
genetic bottleneck may play an important role, influenced by both
viral and host factors. Arien et al. {11] described two different HIV
transmission scenarios for human populations with either diverse
or homogeneous genetic backgrounds. We note that Arien et al. s
argument does not yet constitute a quantitative model with precise
mathematical predictions. For example, it is unclear what levels of
host genetic variation should cause the HIV to become attenuated
or more virulent. Nevertheless, a previous study, which examined

April 2011 | Volume 6 | Issue 4 | 18630



96

Adaptive Evolution of HIV-1

Table 5. Inferred positively selected sites with epitope information in HIV immunology database.

Numbering in

Detected sites HXB2

Foreground branch

1980s-within N300

2000s-within K46 (@]

1980s-between

708A S640 gp41

907Y 837 gp4

Functional region

Epitopes

+ (A2, A*0201, A24)

+ (A2, A11, Cw7) +

+ (A33, A*3303) + +

Japanese are shown in parentheses.
doi:10.1371/journal.pone.0018630.t005

adaptive HIV-specific immune responses and viral evolution in
adult monozygotic twins simultaneously infected with the same
virus, provided qualitative support for the model [36]. The study
found that 15 out of 17 epitopes targeted by initial CD8 T cell
response were identical in each twin, indicating the concordance
of adaptive immune responses in the same genetic background.
In our analysis, the between-host selective pressures were
inferred to be weaker for the recent samples than for the early
samples, in spite of the fact that the recent samples had higher
diversity between hosts. For the early group, three out of six
subjects were infected by the blood products imported from a
foreign country, and the others were most likely infected with the
virus from overscas nationals, representing the transmissions
between the populations with different genetic backgrounds. In
contrast, all the 10 subjects from the recent group represent
transmission within native Japanese population. Several studies

@ PLoS ONE | www.plosone.org

Note. +: site reported as an epitope for antibody, CTL/CD8+ and T-Helper/CD4+ in HIV immunology database. HLA alleles observed with higher frequency (>10%) in

have reported that the genetic diversity in the Japanese population
is very small [37,38,39]. In a study of gene-based SNP discovery,
Haga et al. [39] found one polymorphism per 807 bp in the
Japanese population, much lower than one SNP got every 272 bp
for the world average [40], indicating that the Japanese population
appears to be more homogeneous. Accordingly, the new CTL
escape mutation upon transmission to a new host in the 2000s will
be less necessary than in the 1980s. Since the CTL escape
mutations in viral epitopes usually exact a cost to viral fitness [41],
the HIV transmission with fewer escape mutations will have a
lower cost in viral fitness. In other words, in the 2000s, the HIV
may have a higher viral fitness after the transmission to a new host.
The viral fitness is a key factor affecting the viral virulence which
measures the capacity of a virus to cause disease [42]. Thus, we
speculate that the HIV circulating in the homogeneous Japanese
population may have evolved to be more virulent.
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