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Abstract Although hemodialysis-associated pneumonia

(HDAP) was included among the healthcare-associated

pneumonias (HCAP) in the 2005 American Thoracic

Society (ATS)/Infectious Diseases Society of America

(IDSA) guideline, little information relevant to clinical

epidemiology, especially microbiological characteristics, is

available. This study aimed to reveal microbiological

characteristics and clinical outcomes of HDAP and to

assess whether HDAP should be included in the HCAP

category. We retrospectively analyzed 69 HDAP patients

[42 with moderate and 27 with severe disease based on

A-DROP (age, dehydration, respiratory failure, orientation

disturbance, and low blood pressure)] in whom sputum

cultures were performed at our hospital between 2007 and

2009. The most common pathogens were Staphylococcus

aureus (37.7%), which were composed of methicillin-

resistant S. aureus (MRSA) (27.5%) and methicillin-

sensitive S. aureus (MSSA) (10.1%), followed by

Streptococcus pneumoniae (10.1%), Klebsiella pneumo-

niae (8.7%), Haemophilus influenzae (7.2%), and Morax-

ella catarrhalis (5.8%). This distribution mostly resembled

the microbiological characteristics of HCAP reported pre-

viously, except that the frequency of multi-drug-resistant

(MDR) gram negatives such as Pseudomonas aeruginosa

(2.9%) was clearly lower and that of MRSA was higher.

There were no significant differences in microbiological

findings, including the incidence of MDR pathogens,

between the two severity groups. Despite most cases

(82.6%) receiving only monotherapy, the prognosis

(30-day survival and in-hospital mortality rates were 88.4%

and, 17.4%, respectively) was similar to the past HCAP

reports, but there were no significant correlations between

prognosis and presence of MDR pathogens (30-day mor-

tality rates 18.2% in MDR positive vs. 8.5% in MDR

negative; p = 0.242). Assessment for not only MDR

pathogens, but also severity of illness by the A-DROP

system made it possible to conduct stratification based on

prognosis. Our results suggest that HDAP should be

included in the HCAP category, while understanding that

there are some differences.

Keywords HCAP � HDAP � MDR pathogen � A-DROP �
Monotherapy

Introduction

Infection is a major complication affecting both prognosis

and survival and is ranked as the second leading cause of

death in Japanese hemodialysis patients, following car-

diovascular disease [1]. Hemodialysis-associated pneumo-

nia (HDAP) is among the most common infection [2], and

mortality rates from HDAP are 14–16 times higher than

those from pneumonia in the general population [3]. For

this reason, effective management is essential. On the other

hand, guidelines for appropriate management of adult

patients with community-acquired pneumonia (CAP) have

been successively released in Japan [4], the USA [5], and
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Britain [6, 7]. To date, as a patient’s life is based outside of

the hospital, HDAP has been included in the CAP category.

However, because hemodialysis patients, who manifest

various degrees of immunodeficiency, regularly visit the

hospital, usually several times a week, and receive ongoing

healthcare, the question as to whether HDAP should be

considered a CAP remains open.

In 2005, healthcare-associated pneumonia (HCAP) was

documented in the American Thoracic Society (ATS)/

Infectious Diseases Society of America (IDSA) guideline

as a new concept of pneumonia classification [8]. In this

guideline, pneumonia developing in patients receiving

chronic dialysis within 30 days was also included as one of

the definitions of HCAP due to the epidemiological pattern

of HDAP being more similar to that of HCAP than to that

of CAP. The most important epidemiological characteris-

tics noted were that the risks for multi-drug-resistant

(MDR) pathogens, such as Pseudomonas aeruginosa, and

mortality were increased in the HCAP compared with the

CAP group. For these reasons, combination therapy with

broad-spectrum antibiotics was recommended in this

guideline as the initial empirical treatment for all HCAP

cases. We can empirically understand the concept of

HDAP being included in HCAP, but there is surprisingly

little evidence for the clinical epidemiology of HDAP,

especially microbiological findings. In this study, to

determine whether HDAP should be included in the HCAP

category, we examined microbiological findings, initial

antibiotic selection, and clinical outcomes of HDAP cases.

Patients and methods

Patients and study design

We conducted a retrospective observational study of hemo-

dialysis patients with pneumonia hospitalized at Shinrak-

uen Hospital (a 337-bed community general hospital with a

kidney center, serving 423 patients receiving regular

intermittent hemodialysis as of December 2009) between 1

January 2007 and 31 December 2009. During the obser-

vational periods, 2,564 sputum cultures were performed

and 212 samples obtained from hemodialysis patients.

Among these, all cases with sputum culture at the time of

pneumonia diagnosis were considered to be participants in

this study. Pneumonia was defined when all of the fol-

lowing conditions were met: (1) new infiltrates on chest

radiographic examination, (2) elevation of inflammatory

reaction white blood cell (WBC) count C10,000 or

C-reactive protein (CRP) C0.4 mg/dl), and (3) beginning

of antibiotic treatment. The severity of pneumonia was

evaluated using the A-DROP (age, dehydration, respiratory

failure, orientation disturbance, and low blood pressure)

scoring system of the Japanese Respiratory Society [4],

which is based on clinical prediction rules and assesses the

following five parameters: (1) female C70 years or male

C75 years, (2) blood urea nitrogen (BUN) of C21 mg/dl or

presence of dehydration, (3) pulse oximeter oxygen satu-

ration (SpO2) B90% partial arterial pressure of oxygen

(PaO2) B60 Torr, (4) disturbance of consciousness, (5)

blood pressure (systolic) B90 mmHg. If none of these five

items are met, the severity classification is mild; 1 or 2,

moderate; 3–5, severe. Because all patients in this study

were positive for parameter (2), we divided the entire

group into two severity classes (moderate or severe) and

compared baseline characteristics, causative organisms,

initial antibiotic choice, and clinical outcomes (30-day

survival and in-hospital mortality) between these two

groups. Initial treatment failure was defined as death during

initial treatment or any change in therapeutic agents from

the initial medications to others due to clinical instability

(e.g., lack of response or worsening fever pattern, respi-

ratory condition, and/or radiographic status).

Microbiological studies

On admission, if sputum was available, a Gram stain and

quantitative culture were obtained using standard micro-

biological procedures. Positive bacterial cultures, except

for normal flora, are described in the microbial identifica-

tion table. In accordance with the 2005 ATS/IDSA guide-

line [8], methicillin-resistant Staphylococcus aureus

(MRSA), P. aeruginosa, extended-spectrum b-lactamase

(ESBL)-producing Klebsiella species, and Escherichia

coli, Acinetobacter species, and Stenotrophomonas malto-

philia were considered to be MDR pathogens.

Statistical analysis

All continuous variables were reported as means ± stan-

dard deviation (SD) and were compared using a two-tailed

Student’s t test. Categorical variables were reported as the

number and percentage of patients. Differences in cate-

gorical variables were examined using the v2 test. A p value

\0.05 was considered statistically significant.

Results

Patient characteristics

During the study period, 400 patients per year required

chronic hemodialysis at our hospital. As shown Table 1, of

these, 69 pneumonia patients, 42 in the moderate group

(60.9%) and 27 in the severe group (39.1%), were evalu-

ated. Forty-one cases had CAP, and 28 had HAP; 68.1%
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were men, and mean age (±SD) was 73.8 ± 10.2 (range

49–99) years. The mean duration (±SD) of dialysis was

9.8 ± 8.4 years (range 87 days to 34 years). The most

common primary renal diseases were nephritis (47.8%),

diabetes mellitus (27.5%), and nephrosclerosis (14.5%).

Twenty-two patients (31.9%) had central nervous system

disorders as their chronic underlying disease, and nine

obtained nutrition via a feeding tube. The only statistically

significant difference between the severity groups was that

there were more diabetics with primary renal disease in the

severe than in the moderate group.

Pathogen distribution

Of the 69 patients, 39 (56.5%) had pneumonia due to a

single pathogen, 12 (17.4%) to two or more pathogens

(two, 11; four, 1). No pathogens were identified in 18

patients (26.1%). Table 2 shows microbes identified in the

total study population and each severity group. The most

common pathogens were S. aureus, found in 26 cases

(37.7%), which were composed of 19 MRSA (27.5%) and

seven methicillin-sensitive S. aureus (MSSA) (10.1%),

followed by Streptococcus pneumoniae in seven (10.1%),

K. pneumoniae in six (8.7%), Haemophilus influenzae in

five (7.2%), Moraxella catarrhalis in four (5.8%), and

other streptococci in four (5.8%). All strains of E. coli and

K. pneumoniae were ESBL nonproducing. There were 22

cases caused by MDR pathogens, and of these, the most

common pathogens were MRSA, found in 19 cases, fol-

lowed by P. aeruginosa in two, and Acinetobacter species

in one. None had S. maltophilia. There were no significant

differences between the severity groups.

Antibiotic therapy and clinical outcomes

Table 3 shows the initial antibiotic treatments and clinical

outcomes of patients in each severity group. In both

severity groups, most cases received antibiotic mono-

therapy as the initial treatment (85.7% in the moderate

group vs. 77.8% in severe group). Among the monothera-

pies, carbapenems (58.0%) were most frequently chosen,

followed by cephalosporins (14.5%). Among combination

therapies, carbapenems plus glycopeptides (7.2%) were

most frequently chosen, followed by carbapenems plus

fluoroquinolones (5.8%).

Sixty-one patients (88.4%) were still alive 30 days after

diagnosis of pneumonia, and 12 patients (17.4%) died in

the hospital. Four patients died after the 30th day: two due

to the pneumonia itself, and two because of other diseases.

The 30-day survival rate was significantly lower and in-

hospital mortality was significantly higher in the severe

group, although there was no significant difference in the

incidence of MDR pathogens between the two groups

(33.3% in the moderate group vs. 29.8% in the severe

group). In addition, there was no strong correlation

between the presence of MDR pathogens and the 30 day

mortality rates (18.2% in MDR positive vs. 8.5% in MDR

negative; p = 0.242).

Therefore, we analyzed this new classification assessing

not only the presence of MDR pathogens but also the

Table 1 Baseline

characteristics of 69 pneumonia

cases in hemodialysis patients

A-DROP age, dehydration,

respiratory failure, orientation

disturbance, and low blood

pressure, NS not significant

Variables Total

(69 cases)

A-DROP

moderate (42 cases)

A-DROP

severe (27 cases)

p value

Male gender 47 (68.1) 28 (66.7) 19 (70.4) NS

Age (years) 73.8 ± 10.2 72.1 ± 10.1 76.5 ± 10.0 NS

\59 6 (8.7) 4 (9.5) 2 (7.4) NS

60–69 18 (26.1) 15 (35.7) 3 (11.1) NS

70–79 23 (33.3) 14 (33.3) 9 (33.3) NS

[80 22 (31.9) 9 (21.4) 13 (48.1) NS

Duration of dialysis (years) 9.8 ± 8.4 10.8 ± 9.4 8.4 ± 6.5 NS

Primary renal disease

Nephritis 33 (47.8) 24 (57.1) 9 (33.3) NS

Diabetes 19 (27.5) 7 (16.7) 12 (44.4) \0.05

Nephrosclerosis 10 (14.5) 6 (14.3) 4 (14.8) NS

Others or unknown 7 (10.1) 5 (11.9) 2 (7.4) NS

Underlying disease

Chronic lung disease 5 (7.2) 3 (7.1) 2 (7.4) NS

Neoplastic disease 1 (1.4) 0 (0.0) 1 (3.7) NS

Central nervous system disorder 22 (31.9) 14 (33.3) 8 (29.6) NS

Tube feeding 9 (13.0) 6 (14.3) 3 (11.1) NS
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severity of illness. As shown in Fig. 1, all cases were clas-

sified into four groups (group I: A-DROP moderate

and MDR-pathogen negative; group II: A-DROP moderate

and MDR pathogen positive; group III: A-DROP severe and

MDR pathogen negative; group IV: A-DROP severe and

MDR pathogen positive). There was a clear linear relation

between the 30-day mortality rates in each group (3.6% in

group I; 7.1% in II; 15.8% in III; 37.5% in IV).

Discussion

HDAP has long been regarded as a form of CAP, because

most hemodialysis patients live outside of hospitals.

However, inherent in this concept is a major incongruity

regarding the clinical situation, because hemodialysis

patients regularly receive far more healthcare within the

hospital setting than nondialysis patients and have various

Table 2 Causative organisrns

of 69 pneumonia cases in

hemodialysis patients

A-DROP age, dehydration,

respiratory failure, orientation

disturbance, and low blood

pressure, MSSA methicillin-

sensitive Staphylococcus
aureus, MRSA methicillin-

resistant Staphylococcus aureus

Microbes Total

(69 cases)

A-DROP

moderate (42 cases)

A-DROP

severe (27 cases)

p value

Gram positives 39 (56.5) 24 (57.1) 15 (55.6) NS

Streptococcus pneumoniae 7 (10.1) 5 (11.9) 2 (7.4) NS

Other streptococci 4 (5.8) 1 (2.4) 3 (11.1) NS

Staphylococcus aureus 26 (37.7) 16 (38.1) 10 (37.0) NS

MSSA 7 (10.1) 5 (11.9) 2 (7.4) NS

MRSA 19 (27.5) 11 (26.2) 8 (29.6) NS

Other gram positives 2 (2.9) 2 (4.8) 0 (0.0) NS

Gram negatives 26 (37.7) 19 (45.2) 7 (25.9) NS

Haemophilus influenzae 5 (7.2) 4 (9.5) 1 (3.7) NS

Moraxella catarrhalis 4 (5.8) 4 (9.5) 0 (0.0) NS

Pseudomonas aeruginosa 2 (2.9) 2 (4.8) 0 (0.0) NS

Escherichia coli 3 (4.3) 1 (2.4) 2 (7.4) NS

Klebsiella pneumoniae 6 (8.7) 3 (7.1) 3 (11.1) NS

Serratia marcescens 3 (4.3) 3 (7.1) 0 (0.0) NS

Acinetobacter spp. 1 (1.4) 1 (2.4) 0 (0.0) NS

Other gram negatives 1 (1.4) 1 (2.4) 0 (0.0) NS

No pathogens identified 18 (26.1) 7 (16.7) 11 (40.7) \0.05

Table 3 Occurrence of multi-

drug-resistant (MDR)

pathogens, antibiotic treatment,

and clinical outcomes in each

severity group assessed by age,

dehydration, respiratory failure,

orientation disturbance, and low

blood pressure (A-DROP)

Parameter Total

(69 cases)

A-DROP

moderate (42 cases)

A-DROP

severe (27 cases)

p value

Initial antibiotics

Monotherapy 57 (82.6) 36 (85.7) 21 (77.8) NS

Carbapenems 40 (58.0) 23 (63.8) 17 (63.0) NS

Cephalosporins 10 (14.5) 8 (19.0) 2 (7.4) NS

Penicillins 1 (1.4) 0 (0.0) 1 (3.7) NS

Fluoroquinolones 4 (5.8) 3 (7.1) 1 (3.7) NS

Others 2 (2.9) 2 (4.8) 0 (0.0) NS

Combination therapy 12 (17.4) 6 (14.3) 6 (22.2) NS

Carbapenems ? fluoroquinolones 4 (5.8) 2 (4.8) 2 (7.4) NS

Carbapenems ? clindamycin 1 (1.4) 1 (2.4) 0 (0.0) NS

Carbapenems ? glycopeptides 5 (7.2) 1 (2.4) 4 (14.8) NS

Cephalosporins ? macrolides 1 (1.4) 1 (2.4) 0 (0.0) NS

Others 1 (1.4) 1 (2.4) 0 (0.0) NS

Initial treatment failure 15 (21.7) 7 (16.7) 8 (29.6) NS

Occurrence MDR Pathogens 22 (31.9) 14 (33.3) 8 (29.6) NS

30-day survival 61 (88.4) 40 (95.2) 21 (77.8) \0.05

In-hospital mortality 12 (17.4) 4 (9.5) 8 (29.6) \0.05
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degrees of immunodeficiency comparable with that of HAP

patients. Furthermore, the ATS/IDSA guideline of 2005

readily facilitates understanding that HDAP fits one of the

HCAP definitions.

The most important characteristic of HCAP is that the

incidence of MDR pathogens as causative bacteria is

higher than in CAP [9]. Past reports [10–12] have shown

the incidence of S. pneumoniae and H. influenzae, two

major causative pathogens [13, 14] of CAP, to be lower in

HCAP than in CAP, whereas P. aeruginosa and MRSA

were more common in HCAP than in CAP.

On the other hand, little information is available on

microbiological findings of HDAP. Because most reports

were based on large databases [15, 16] involving numerous

cases without microbiological examination, direct com-

parison to our data was not possible. To our knowledge,

only one report [2] presented data, obtained in a similar

setting, that could be compared with ours. In their study,

the most common pathogen was S. aureus (29.1%), fol-

lowed by E. faecalis (16.6%), Kl. pneumoniae (10.3%), and

P. aeruginosa (8.3%), with the incidences of S. pneumo-

niae (2.1%) and H. influenzae (4.2%) pneumonias not

being particularly high. Our data showed similar tendencies

except that incidences of S. pneumoniae (10.1%) and

H. influenzae (7.2%) were slightly higher and that of

P. aeruginosa (2.9%) was lower. However, because this

report was published before the concept of MDR pathogens

was established, we cannot know the incidence of MRSA

and ESBL producing Enterobacteriaceae.

Another Japanese report [17] showed the microbiologi-

cal spectrum of only HAP in hemodialysis patients.

Because normal flora were not excluded, Candida albicans

and S. epidermidis were the top two organisms. After the

normal flora, MRSA were most frequently detected, fol-

lowed by P. aeruginosa and S. maltophilia. The incidence

of P. aeruginosa and S. maltophilia were different from our

data, perhaps because there were the differences in that our

objective was the study of only HAP patients treated in a

university hospital.

Among results pertaining to microbiological findings of

HDAP in our data, it seemed to be a common characteristic

that the incidence of S. aureus, especially MRSA, was

clearly higher than in CAP. It is known that hemodialysis

patients have higher rates of nasal MRSA carriage than the

healthy population [18, 19] and that this nasal carriage

plays a key role in the development of infection. Although

we could not strictly discern whether MRSA were colo-

nizing or causative pathogens in this study, it is noteworthy

that sputum culture from HDAP patients shows a high

incidence of MRSA, because the ATS/IDSA guideline

recommends using anti-MRSA drugs if MRSA risk factors

are present or there is a high incidence locally. On the other

hand, it is unclear why the incidences of MDR gram neg-

atives were clearly lower in our study than the previous

HCAP reports. Further multicenter study is needed in order

to judge whether this result is due to local factors or the

specificity of HDAP.

Except for these differences, our data revealed the

microbiological characteristics of HDAP to include a dis-

tribution very similar to that of HCAP. This result is

probably attributable to the lifestyles of hemodialysis

patients who live both inside and outside the hospital set-

ting and supports the concept that HCAP is in the spectrum

between CAP and HAP [9]. Comparison between the

moderate and severe groups using the A-DROP system

revealed no differences in microbiological findings, and

outcomes (in-hospital mortality and 30-day survival) were

also worse in the severe group. Furthermore, there were no

significant differences in 30-day mortality between HDAP

patients with (18.2%) and without (8.5%) MDR pathogens

(p = 0.242). These results may suggest that MDR patho-

gens may not be the only influence on disease severity and

outcomes, at least in HDAP patients.

On the other hand, the 2005 ATS/IDSA guideline rec-

ommends combined use of broad-spectrum antibiotics with

an antipseudomonal effect in all HCAP cases due to con-

cern about MDR pathogens only. We were concerned with

an increased risk of overtreatment. Indeed, even though

most cases in the moderate group were given monotherapy

(85.7%), 30-day survival rates (95.2%) were generally

good compared with those of CAP patients [12]. Further-

more, the many studies of pneumonia [20, 21] have shown

no significant differences in outcomes between mono-

therapy and combination therapy. These results suggest

that we need the new strategy based on prognostication.

Therefore, we additionally analyzed the new classification

by both the severity of illness using A-DROP and the

presence of MDR pathogens. By dividing our patients into

four groups, we elucidated the differences in prognosis

among groups. Although the question of how to predict the

possibility of MDR pathogens and how to choose the dif-

ferent antibiotics in groups II and IV remains, we consider

Fig. 1 Correlation of the 30-day mortality rate with classification by

severity of illness and the presence of multi-drug-resistant (MDR)

pathogens
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this classification is available to the algorithm for choosing

the initial empirical therapy. For example, if a patient is

deemed to have nonsevere illness and a low risk for MDR

pathogens, monotherapy corresponding to that of CAP is

recommended. A similar concept was proposed by Brito

et al. [22] and can be applied to the HCAP management

strategy as well.

In conclusion, we found that the incidence of MDR

pathogens in HDAP was more similar to that of HCAP than

CAP reported previously. At the same time, we recognized

the differences in microbiological distribution among

MDR pathogens between HDAP and HCAP, of which

MRSA was more common than MDR gram negatives. The

prognosis of HDAP (30-day survival and in-hospital mor-

tality) was also similar to the past HCAP reports. These

results suggested that HDAP should be included in the

HCAP category while understanding such differences.

Moreover, we showed that there were no significant cor-

relation in HDAP cases between prognosis and the pres-

ence of MDR pathogens only, which the 2005 ATS/IDSA

guideline emphasized as being the most important factor in

considering the strategy of HCAP treatments. The new

classification by assessment for not only MDR pathogens

but also severity of illness made it possible to predict the

prognosis of HDAP cases.
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