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Clinical analysis of pulmonary infection in hemodialysis patients
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Abstract. The present study aimed to investigate the pathogen
distribution and drug resistance of lung infections in hemodi-
alysis to guide clinical empirical pharmacy. The clinical data
of 116 hemodialysis patients with pulmonary infection were
analyzed. The majority of the 82 pathogens isolated from the
sputa of patients were Gram-negative bacteria (accounting
for 71.95%). The results of the drug sensitivity test suggested
that Gram-negative bacilli had low resistance rates to piper-
acillin and tazobactam, imipenem and amikacin, while
Gram-positive cocci had a low resistance rate to vancomycin.
All resistance rates of the pathogens to other common antimi-
crobials were >50%. The pathogens resulting in lung infections
in hemodialysis patients were mainly Gram-negative bacteria
and were significantly resistant to various antibacterials.
Results of the this study demonstrate that pathological exami-
nation should be performed as early as possible and effective
antimicrobial agents should be chosen according to drug
sensitivity test results.

Introduction

With the development of diagnosis and treatment methods,
and the improvement of renal replacement therapy technology,
the detection and survival rates of patients with chronic
kidney disease (CKD) have gradually increased. The number
of patients undergoing blood dialysis has increased each year
and the survival time for hemodialysis patients has been
significantly prolonged. Therefore, the understanding of the
long-term complications associated with hemodialysis has
become increasingly important. The risk of infection for hemo-
dialysis patients is markedly higher than that of the general
population due to immune dysfunction following kidney
failure. Lung infection is common and is the main factor
affecting life quality and mortality (1-3). Therefore, analysis of
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the clinical characteristics, common pathogenic bacteria and
antibiotic susceptibility of bacteria-associated lung infections
in hemodialysis patients has become increasingly important
for the treatment and prognosis of lung infections by clinicians.
In the present study, the general conditions, bacterial epidemi-
ology and drug sensitivity of 116 hemodialysis patients with
pulmonary infection were retrospectively analyzed, providing
a reference for clinical diagnosis and treatment.

Subjects and methods

Clinical data. In total, 116 hemodialysis patients with a
lung infection were selected between January 2004 and
December 2011 from the Anhui Provincial Hospital Affiliated
to Anhui Medical Universtiy (Hefei, China). The patient
group included 86 males and 30 females aged between 19
and 88 years, with a mean age of 61.4+16.7 years. This study
was conducted in accordance with the Declaration of Helsinki
and with approval from the ethics committee of the Anhui
Provincial Hospital Affiliated to Anhui Medical University.
Written informed consent was obtained from all participants.

Diagnostic criteria. All patients met the V staging and
diagnostic criteria of CKD according to the Kidney Disease
Outcomes Quality Initiative guidelines (4) and all patients were
being treated with hemodialysis. The diagnosis of pulmonary
infection included the following symptoms: Fever, emerging
respiratory symptoms or existing respiratory symptom aggra-
vation, emerging wet and dry rales or existing rale increase
in the lungs, leukocytosis increase or decrease or any of the
aforementioned symptoms plus invasive changes in the lung
parenchyma observed via X-ray. Other pulmonary diseases
were excluded.

Research methods. Gender, age, duration of hospitalization,
clinical manifestations, laboratory parameters (including
serum creatinine and blood urea nitrogen levels, and blood
routine examination), chest X-ray or computed tomography
(CT) results, deep sputum bacterial culture, drug sensitivity,
antibiotic usage and additional indexes of patients, were
collected.

Patients were required to gargle with salt water in the early
morning prior to the extraction of deep sputum specimens.
The specimen collection of sputa and secretions of the lower
respiratory tract were performed under sterile conditions and
samples were then stored in sterile boxes at room temperature
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and examined within 2 h. The required squamous cell of
<10/LP (line pairs per mm, Ip/mm) and polymorphonuclear
leukocytes of >25/LP were selected as sputum specimens and
analyzed at a low magnification under a microscope (Olympus,
Co., Ltd., Tokyo, Japan). Bacterial culture and drug sensitivity
tests were performed according to accepted methods using
blood agar, Leventhal's agar and McConkey's medium, and
incubated for 24 h at 37°C. Susceptibility to antibiotics was
tested by an agar dilution method using standard criteria.

Effect evaluation. Treatment effects were determined using the
following guidelines: i) Clinical cure: Respiratory symptoms
and signs disappearing, normal peripheral blood epistrophy,
complete absorption of acute pulmonary inflammatory lesions
in X-ray; ii) clinical improvement: >50% disappearance of
respiratory symptoms and signs, absorbance of the majority
of pulmonary acute inflammatory lesions and improved in the
X-ray; iii) invalid therapy: Presence of symptoms and signs
and no improvement in the X-ray examination, or the patient
succumbed to their condition one week after drug therapy.

Statistical analysis. SPSS software, version 17.0 (SPSS, Inc.,
Chicago,IL, USA) was used for analysis and measurement data
are expressed as the mean =+ standard deviation. Comparisons
between groups were analyzed using the Student's t-test.
Measurement data are expressed as a percentage, the compar-
ison of sample rates was performed by the ¥ test. P<0.05 was
considered to indicate a statistically significant difference.

Results

General results. The majority of the 116 hemodialysis patients
with pulmonary infection were aged between 60 and 74 years
(n=47, accounting for 40.51%) followed by patients aged
>75 years (n=28, accounting for 24.14%) (Table I). Chronic
glomerulonephritis was the predominant kidney foundation
disease (accounting for 42.24%), followed by hypertensive
renal arteriosclerosis (accounting for 27.59%) and diabetic
nephropathy (accounting for 24.14%) (Table II).

Clinical performances. All patients showed symptoms of a
cough and were producing sputa, 82 patients had a fever during
the course of the disease and auscultation identified rales in
the lungs of 78 cases. Chest X-ray and CT scanning showed
new or progressive inflammatory lesions in the unilateral or
bilateral lungs. Increased white blood cells (WBCs) were
observed in 68 cases.

Pathogen detection of deep cultured sputum. In the deep
sputum culture of the 116 patients, 79 cases were positive for
pathogenic bacteria and 17 species of bacteria were isolated
from 82 pathogens. The classification of the detected patho-
gens is shown in Table III. The distribution of Gram-negative
and Gram-positive bacteria are shown in Table I'V.

Drug susceptibility test results of cultured sputum. The drug
resistance rates of the Gram-negative and Gram-positive
bacteria to antimicrobials are shown in Table V. The results
of the drug sensitivity test showed that the resistance rate of
Escherichia coli to imipenem was 0%. E. coli resistance to
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Table I. Age distribution of 116 hemodialysis patients with
pulmonary infections.

Age, years n Constitution ratio, %
<45 19 16.38
45-59 22 18.97
60-74 47 40.51
=75 28 24.14

Table II. Basic diseases of 116 hemodialysis patients with
pulmonary infections.

Basic diseases n Constitution ratio, %
Chronic glomerulonephritis 49 4224
Hypertensive renal

arteriosclerosis 32 27.59
Diabetic nephropathy 28 24.14

Other 7 6.03

Table III. Classifications of pathogens isolated from sputum
culture.

Pathogens n Constitution ratio, %
Gram-negative bacteria 59 71.95
Gram-positive bacteria 15 18.29
Fungi 8 9.76

Table IV. Distributions of bacteria isolated from sputum.

Pathogens n Constitution ratio, %

Gram-negative bacteria

Escherichia coli 13 15.85
Pseudomonas aeruginosa 12 14.63
Klebsiella pneumoniae 9 10.98
Haemophilus influenzae 7 8.54
Acinetobacter baumannii 5 6.10
Enterobacter cloacae 4 4.88
Acinetobacter Iwoffii 4 4.88
Proteus vulgaris 2 2.44
Enterobacter aerogenes 1 1.22
Citrobacter freundii 1 1.22
Aeromonas sobria 1 1.22
Gram-positive bacteria
Staphylococcus aureus 6 7.32
Staphylococcus haemolyticus 5 6.10
Enterococcus faecalis 2 244
Streptococcus pneumoniae 1 1.22
Aerobic bacillus 1 1.22




Table V. Resistance rates of major Gram-positive and Gram-negative bacteria to antimicrobial drugs (%).

Staphylococcus
aureus (n:

Acinetobacter

baumannii (n

Pseudomonas Klebsiella Haemophilus
pneumoniae (n=9) influenzae (n

aeruginosa (n=12)

Escherichia coli

=6)

=5)

=7)

(n=13)

Resistance rate

Resistance rate n Resistance rate n Resistance rate n Resistance rate n Resistance rate n

n

Antimicrobial drugs

0.0
16.7
66.7

Vancomycin

28.6 20.0

00

11.1

0.0
0.0
0.0
16.7
100.0
100.0

7.7
0.0
154

1

Piperacillin/tazobactam

Imipenem

20.0

143

00 50.0
60.0

28.6

0.0
333

Amikacin
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50.0

57.1

923

12
11

Levofloxacin

40.0 16.7

100.0

429

44.4

12
12
11

84.6

Cotrimoxazole

00
50.0

5

85.7

66.7

30.8

Nitrofurantoin
Ceftriaxone

80.0
100.0
100.0

429
100.0
100.0

66.7

91.7

100.0
100.0

61.5

833

5
5

7
7

77.8
100.0

12
12

10 76.9
100.0

13

Cefazolin

83.3

9

Ampicillin

No drug sensitivity, (-).

Table VI. Constituent ratio of mortality cases.

Cases, Mortality Constituent ratio
Basic diseases n cases, n of mortality, %
Chronic
glomerulonephritis 49 2 4.08°
Hypertensive
renal arteriosclerosis 32 2 6.25*
Diabetic
nephropathy 28 4 14.29

“P<0.01,vs. diabetic nephropathy patients.

piperacillin/tazobactam and amikacin and nitrofurantoin was
also low (7.7, 15.4 and 30.8%, respectively), while the resis-
tance rates to additional agents was >50%. The resistance rate
of Pseudomonas aeruginosa to imipenem, piperacillin/tazo-
bactam and amikacin was 0%. P. aeruginosa resistance to
levofloxacin was also low (16.7%), while resistance to other
commonly used antimicrobial drugs was high. The resistance
rates of Klebsiella pneumoniae to piperacillin/tazobactam
amikacin and imipenem were 0, 0 and 11.1%, respectively,
and >65% to cephalosporins and B-lactam drugs. The resis-
tance rate of Staphylococcus aureus to vancomycin was 0%.
Resistance to nitrofurantoin, piperacillin/tazobactam and
cotrimoxazole (sulfamethoxazole/trimethoprim) (0, 16.7 and
16.7%, respectively) was also low in S. aureus, while resistance
to commonly used antibiotics was >50%. The resistance rate
of fungi to itraconazole and fluconazole was 0%.

Treatment and prognosis. Of the 116 patients, the total number
of cured and effectively treated patients was 100 patients, and
the total effective rate was 86.21% (8 cases were invalid and
8 patients succumbed to their condition, with a mortality rate
of 6.90%). The mean age of mortality was 74.8+11.3 years,
which included 6 males and 2 females. The primary disease
included 2 cases with chronic glomerulonephritis, 2 cases with
hypertensive renal arteriosclerosis and 4 cases with diabetic
nephropathy. The constituent ratio of the primary disease in
mortality cases is shown in Table VI.

Discussion

As the survival time of hemodialysis patients has increased,
the understanding of the long-term complications of end-stage
renal disease has become increasingly important. Following
cardiovascular and cerebrovascular complications, infection is
the second most common cause of mortality for hemodialysis
patients (5,6), particularly lung infection (7-9).

The main causes of pulmonary infection in hemodialysis
patients are as follows (8,10): i) Increased duration of time spent
in hospital increases contact with pathogens; ii) occurence of
atherosclerosis, hypertension, malnutrition, chronic microin-
flammation, anemia and uremic toxins promotes heart failure
and pulmonary edema (11-13); iii) increased respiratory secre-
tions with dense sputa and increased alveolar fibrin exudation;
and iv) airway mucosal barrier dysfunction, enabling pathogen
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invasion, which is conducive to the invasion and dissemination
of respiratory tract bacteria; iv) immune dysfunction. Previous
studies have identified that a reduced number of B lympho-
cytes and decreased ability to produce immunoglobulins can
result in humoral immune abnormalities in uremia (14,15). In
addition, a reduced number and the dysfunction of T lympho-
cytes (particularly T4 lymphocytes), as well as enhanced
phagocytosis, chemotaxis and bactericidal capacity, which
decreases monocytes and neutrophils, may result in a decline
in cellular immune function in patients. Additionally, the
vascular puncture or the implantation of a foreign object,
such as a deep venous catheter during hemodialysis, increases
the probability of infection. These factors may subsequently
induce lung inflammation in hemodialysis patients and, once
infection has occurred, the infection is difficult to control and
progresses rapidly. Previous studies revealed that the mortality
of patients with uremia and pneumonia was 14-16-fold higher
than that of the general population (14,15).

The present study identified that lung infection in hemodial-
ysis was largely caused by Gram-negative bacteria (accounting
for 71.95%), followed by Gram-positive bacteria (accounting
for 18.29%) and fungi (accounting for 9.76%), consistent with
results of a previous study (8). The predominant Gram-negative
bacilli was E. coli (15.85%), P. aeruginosa (14.63%), K. pneu-
moniae (10.98%) and Haemophilus influenzae (8.54%), while
the main Gram-positive cocci was S. aureus (7.32%).

In previous years, due to the widespread use of antibi-
otics, pathogens are constantly changing and the number of
drug-resistant pathogenic bacteria has augmented resulting
in a significant increase in the resistance rates of numerous
commonly used antibiotics (such as cephalosporins) (16-21).
Consistent with this notion, the results of the drug sensitivity
tests in the present study showed that the resistance rates of
Gram-negative bacilli to piperacillin/tazobactam, imipenem
and amikacin were low, and the resistance rates to the tradi-
tional -lactam antibiotics and first and second generation
cephalosporin antibiotics were >50%; therefore the utiliza-
tion of these agents should be avoided. The resistance rate of
Gram-positive cocci to vancomycin was low, as was resistance
to nitrofurantoin, piperacillin/tazobactam and cotrimoxazole.
The resistance rates to other commonly used antimicrobials
were >50%. The resistance rates of various bacterium types to
piperacillin/tazobactam were <30%. Itraconazole and flucon-
azole were universally effective against fungi.

The prognosis of hemodialysis patients with a lung infec-
tion was positive if treated promptly and effectively. In the
present study, the clinical cure and improvement rates were
as high as 86.21%. During this study, 8 patients succumbed
to their condition due to invalid treatment and the mortality
rate was 6.90%. Data analysis showed that the average age
of mortality was 74.8+11.3 years and the mortality of hemo-
dialysis patients with diabetic nephropathy as the primary
disease was significantly higher than that of other diseases.
Mortality was significantly increased when pulmonary infec-
tion occurred in elderly hemodialysis patients. In addition,
mortality was associated with primary diseases where infec-
tion was difficult to control, with diabetic nephropathy as the
primary disease most likely to result in mortality.

In conclusion, in the current study, the majority of
pulmonary infections in hemodialysis patients were caused
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by Gram-negative bacteria. A variety of commonly used
antimicrobial agents, including piperacillin/tazobactam,
imipenem and amikacin, were found to be effective against
Gram-negative bacilli, while vancomycin was effective
against Gram-positive cocci. Nitrofurantoin, piperazine, piper-
acillin/tazobactam and cotrimoxazole were effective against
the majority of Gram-positive cocci and itraconazole and
fluconazole remained effective against fungi. These observa-
tions demonstrate that clinicians must determine the correct
treatment agents according to the clinical drug susceptibility
of pathogens.

The mortality of elderly patients with diabetic nephropathy,
as well as hemodialysis patients with diabetic nephropathy, was
significantly higher than that of the other patients; therefore,
early diagnosis and early treatment should be administered to
these patients to improve prognosis and reduce mortality.

In addition, more data are required to identify the clinical
characteristics of pulmonary infection in patients receiving
hemodialysis.

References

1. Miyamoto T, Carrero JJ and Stenvinkel P: Inflammation as a risk
factor and target for therapy in chronic kidney disease. Curr Opin
Nephrol Hypertens 20: 662-668, 2011.

2. O'Seaghdha CM and Foley RN: Septicemia, access, cardio-
vascular disease, and death in dialysis patients. Perit Dial Int 25:
534-540, 2005.

3. Hakim RM and Himmerlfarb J: Hemodialysis access failure: a
call to action. Kidney Int 54: 1029-1040, 1998.

4. National Kidney Foundation: K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification,
and stratification. Am J Kidney Dis 39 (2 Suppl 1): S1-S266,
2002.

5. Soni R, Horowitz B and Unruh M: Immunization in end-stage
renal disease: opportunity to improve outcomes. Semin Dial 26:
416-426, 2013.

6. Delmez JA, Yan G, Bailey J, et al: Cerebrovascular disease in
maintenance hemodialysis patients: results of the HEMO Study.
Am J Kidney Dis 47: 131-138, 2006.

7. Sarnak MJ and Jaber BL: Mortality caused by sepsis in patients
with end-stage renal disease compared with the general popu-
lation. Kidney Int 58: 1758-1764, 2000.

8. Sarnak MJ and Jaber BL: Pulmonary infectious mortality among
patients with end-stage renal disease. Chest 120: 1883-1887,
2001.

9. Rayner HC, Pisoni RL, Bommer J, et al: Mortality and hospi-
talization in haemodialysis patients in five European countries:
results from the Dialysis Outcomes and Practice Patterns Study
(DOPPS). Nephrol Dial Transplant 19: 108-120, 2004.

10. Peddi S, Ram R, Boreddy VD, Avssn S, Chennu KK and
Vishnubotla SK: Multiple metastatic infections in a hemodialysis
patient with untunneled internal jugular catheter. Hemodial Int:
June 18, 2013 (Epub ahead of print).

11. Krasniak A, Drozdz M, Pasowicz M, et al: Factors involved
in vascular calcification and atherosclerosis in maintenance
haemodialysis patients. Nephrol Dial Transplant 22: 515-521,
2007.

12. Qureshi AR, Alvestrand A, Divino-Filho JC, et al: Inflammation,
malnutrition, and cardiac disease as predictors of mortality in
hemodialysis patients. J] Am Soc Nephrol 13 (Suppl 1): S28-S36,
2002.

13. Zelaznicka M, Kocelak P, Olszanecka Glinianowicz M and
Chudek J: Cinacalcet therapy and cardiovascular risk in hemo-
dialysis patients. Postepy Hig Med Dosw (Online) 66: 722-729,
2012 (In Polish).

14. Ulasli SS, Ulubay G, Arslan NG, er al: Characteristics and
outcomes of end-stage renal disease patients with active tuber-
culosis followed in intensive care units. Saudi J Kidney Dis
Transpl 20: 254-259, 20009.

15. Bell M, Granath F, Schon S, er al: End-stage renal disease patients
on renal replacement therapy in the intensive care unit: short- and
long-term outcome. Crit Care Med 36: 2773-2778, 2008.



16.

17.

18.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 7: 1713-1717, 2014

Joseph NM, Sistla S, Dutta TK, et al: Ventilator-associated
pneumonia in a tertiary care hospital in India: role of multi-drug
resistant pathogens. J Infect Dev Ctries 4: 218-225, 2010.
Werarak P, Kiratisin P and Thamlikitkul V: Hospital-acquired
pneumonia and ventilator-associated pneumonia in adults at
Siriraj Hospital: etiology, clinical outcomes, and impact of anti-
microbial resistance. ] Med Assoc Thai 93 (Suppl 1): S126-S138,
2010.

Michalopoulos A and Falagas ME: Treatment of Acinetobacter
infections. Expert Opin Pharmacother 11: 779-788, 2010.

1717

19. Vandecasteele SJ and De Vriese AS: Recent changes in

vancomycin use in renal failure. Kidney Int 77: 760-764, 2010.

20. Thorn KA, Johnson JA, Strauss SM, et al: Increasing prevalence

21.

of gastrointestinal colonization with ceftazidime-resistant
gram-negative bacteria among intensive care unit patients. Infect
Control Hosp Epidemiol 28: 1240-1246, 2007.

Rhee JY, Park YK, Shin JY, et al: KPC-producing extreme
drug-resistant Klebsiella pneumoniae isolate from a patient with
diabetes mellitus and chronic renal failure on hemodialysis in
South Korea. Antimicrob Agents Chemother 54: 2278-2279,2010.



