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ABSTRACT 

Introduction: Enterobacter spp., a gram negative organism, is an important nosocomial pathogen.  It is 
capable of developing resistance during ß-lactam therapy by expressing genes that encode for Extended-
Spectrum ß-lactamases (ESBLs).   
Objectives: This aim of this research is to determine the clinical outcome of neonates with Enterobacter 
spp. positive blood culture and the antibiotic sensitivity pattern of these isolates at Cebu Doctors’ University 
Hospital Neonatal Intensive Care Unit. 
Methods: This descriptive, cross-sectional, retrospective study retrieved the list of neonates admitted at 
Cebu Doctors’ Hospital –Neonatal Intensive Care Unit (CDUH-NICU) from January 2005 to December 
2008 whose bloods were taken for culture. The antibiotic sensitivity patterns of the Enterobacter positive 
cases were reviewed, along with broad-spectrum cephalosporin (BSC) resistant and multiresistant 
Enterobacter spp. (MRE) determination and clinical outcome. The relationship between outcome and MRE 
was analyzed using the Pearson Chi-square test. 
Results: Out of 1312 samples, only 110 (8.4%) had positive bacterial isolates.  Twenty-five grew 
Enterobacter spp.  The overall mortality rate among the neonates with Enterobacter spp. was 56%. It was 
statistically significant (p<0.013). The organism was most sensitive to Imipenem (100%), followed by 
Meropenem (92%), and then Cefepime and Piperacillin-Tazobactam (80%).  Of the 25 isolates, 60% were 
BSC resistant, 16% non-BSC resistant, and 24% were MRE. For the six neonates with MRE, the mortality 
rate was 50% and survival rate was 33.3%.  One patient with MRE was brought home against medical 
advice. The mortality rate among MRE cases was not statistically significant. 
Conclusion: Most isolates were BSC-resistant while 24% were MRE.  Enterobacter  was most sensitive to 
Imipenem, Meropenem, Cefepime, and Piperacillin-Tazobactam.   
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INTRODUCTION 

     Infections in neonatal intensive care units 

have been a recognized cause for concern for 

many years. According to World Health 

Organization (WHO) estimates, neonatal sepsis 

remains the major cause of mortality among 

the five million neonatal deaths per year.
1
 

The spectrum of organisms that cause neonatal 

sepsis changes over time and varies from 

region to region. Group B streptococcal disease 

is the most important cause of neonatal sepsis 

in Europe and North America
2,3

 while there is a 

preponderance of gram-negative organisms in 

tropical and developing countries.
4,5

 

     Enterobacter spp. is a gram-negative 

organism and is an important nosocomial 

pathogen. It can cause significant morbidity and 

mortality and can complicate infection 

management because of its resistance to 

multiple antibiotics. Such an organism is 

capable of developing resistance during ß-

lactam therapy by expressing genes that 

encode Extended-Spectrum ß-lactamases 

(ESBLs),
6
 which makes it very hard to kill 

compared to other gram negative organisms. 

Overall, Enterobacter spp. has emerged as an 

important pathogen in neonatal units, with 

several outbreaks of infection being reported.
7 

      Part of Cebu Doctor’s University Hospital’s 

reinforcement of good hygiene practices is the 

active regular program of surveillance done on 

culture growth by the Infectious Control 

Committee. According to the data gathered 

from the committee from January 2007 to 

December 2008, about 14 out of 29 (48%) 

positive blood cultures taken from neonates 

admitted at CDUH-NICU were Enterobacter 

spp.
12

 Given this high rate, the researcher 

aimed to study the antibiotic sensitivity pattern 

and clinical outcome of neonates with 

Enterobacter positive blood culture at the Cebu 

Doctors’ University Hospital–Neonatal Intensive 

Care Unit and is hopeful that the results of this 

study will provide a useful guide in determining 

the antibiotic treatment options for CDUH– 

NICU patients affected by this organism. 

 

MATERIALS AND METHODS 

Study design 

     In-patient microbiology section’s logbooks 

were retrieved to get the list of neonates 

admitted at CDUH-NICU whose bloods were 

taken for culture (non-repetitive blood culture).     

      The researcher noted the total number of 

blood cultures which were positive for 

organisms; but, only the neonates who grew 

Enterobacter species on the blood culture from 

January 2005 to December 2008 had their 

medical charts at the Medical Records Section 

retrieved for antibiotic sensitivity pattern, 

broad-spectrum cephalosporin (BSC) resistant 

and multi resistant Enterobacter spp. (MRE) 

determination and clinical outcome (died or 

survived). For data analysis, the researcher 

used Pearson Chi-square in determining the 

relationship between clinical outcome and 

MRE. 

Microbiological Methods 

     Blood samples were processed by the Bactec 

NR-730 system (Becton–Dickinson Microbiology 

System) and routinely maintained for seven 

days.  Isolates were identified according to 

standard techniques. Antibiotic susceptibility 

was determined by the disc diffusion method, 

which is in accordance to the recommendations 

of the Clinical and Laboratory Standards 

Institute (formerly NCCLS) guidelines.14 

Antibiotic susceptibility testing of Enterobacter 

spp. isolates was reviewed.  There were 29 

antibiotic discs used and these were the 

following:  

Cefazolin, Cephalothin, Cefuroxime, Cefepime, 

Cefoperazone, Cefoxitin, Cefotaxime, 

Ceftriaxone, Ceftazidime, Cefixime, Piperacillin-

Tazobactam, Ampicillin-Sulbactam, Ticarcillin-

Clavulanate, Meropenem, Ertapenem, 

Imipenem, Ciprofloxacin, Levofloxacin, 

Ofloxacin, Ampicillin, Amikacin, Gentamicin, Co-

Amoxiclav, Trimethoprim-Sulfamethoxazole 

(TMP-SMZ), Aztreonam, Netilmycin, 

Tobramycin, Minocycline and Chloramphenicol 
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DEFINITION OF TERMS
13

 

Bacteremia – is the presence of viable bacteria 

in the circulating bloodstream. This is 

confirmed by a positive blood culture. 

Neonatal Sepsis – is a clinical syndrome 

characterized by systemic signs of infection and 

accompanied by bacteremias in the first month 

of life. 

Nosocomial Infection in neonates – is an 

infection that develops after 48 hours from 

delivery that may be localized or systemic, and 

is due to an infectious agent or its toxin, that 

may or may not manifest during the infant’s 

hospital stay. 

Broad Spectrum Cephalosporin (BSC) 

resistance- in vitro resistance to Cefotaxime or 

Ceftazidime. 

Multiresistant Enterobacter (MRE)- a strain 

with in vitro resistance to BSC, Ciprofloxacin 

and Gentamicin. In determining MRE, 

intermediate susceptibility to each antibiotic 

was considered as resistance.
15

 

 

RESULTS 

During the four-year study period, a total of 

1,312 repetitive blood cultures were taken; one 

hundred ten had positive bacterial growth 

(110/1312 or 8.4%). Of the 110 positive blood 

cultures, 25 (22.7%) were Enterobacter spp., of 

which the following were isolated: 

Enterobacter cloacae, 11 and Enterobacter 

aerogenes, 14. There was evidence of 

clustering of cases of Enterobacter spp. 

16/25(76.2%) that suggested an outbreak in the 

year 2008. As shown in Figure 2, the incidence 

of Enterobacter spp. has risen over the last four 

years with P value of <0.002 which is 

statistically significant. 

The bacterial pathogens isolated from the 

110 positive blood cultures are illustrated in 

Figure 2 and Table 1. The most common 

pathogen isolated was Staphylococcus spp., 

comprising of 8 (40%), 14 (40%), and 10 (29.4%) 

in the years 2005, 2006, and 2007, respectively. 

This was followed by Klebsiella pneumoniae 

and Streptococcus spp. with 3 (15%), 8 (22.9%) 

and 3 (15%), 5 (14.3%) in the years 2005 and  

Figure1. Study design algorithm. 

 

Retrieved from CDUH Microbiology Laboratory 

logbooks the total number of blood cultures 

taken from NICU patients who were admitted 

from January 2005 to December2008  

N=1312 

 

Positive bacterial 

growths 
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growth 
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No growth of 
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2006, respectively. However, on year 2007, the 

2
nd

 most common pathogen isolated was 

Escherichia coli with 8 (23.5%) and in the 2008, 

Enterobacter spp. was the most common 

pathogen isolated at 16 (76.2%); 

Staphylococcus spp. came only second with 2 

(9.5%). 

For the susceptibility testing of 

Enterobacter spp. positive cultures it was noted 

that out of the 29 listed antibiotics, only 14 

antibiotic discs were tested on the 25 bacterial 

isolates. These antibiotics were Cephalothin, 

Cefuroxime, Cefepime, Ceftazidime, Amikacin, 

TMZ-SMZ, Aztreonam, Netilmycin, Piperacillin-

Tazobactam, Ampicillin-Sulbactam, Ticarcillin-

Clavulanate, Meropenem, Imipenem, and 

Ciprofloxacin. Fifteen of the antibiotic discs 

were unavailable at the laboratory at some 

point in time and were not used for testing. 

      All Enterobacter spp. positive cultures were 

most sensitive to Imipenem at 100%. It was 

followed by Meropenem at 92%, Cefepime and 

Piperacillin-Tazobactam at 80%. It is most 

resistant to Trimethoprim-Sulfamethoxazole 

and Aztreonam at 88%, followed by 

Cephalothin at 84%, Ceftazidime at 84% and 

Ticarcillin-Clavulanate at 72%. The rest of the 

rates of antibiotics’ sensitivity are seen in 

Figures 3. 

      Among the 25 neonates with Enterobacter 

spp., 2/25 (8%) went home against medical 

advice; their statuses remain unknown. Of the 

23 neonates who stayed for treatment, 14/25 

(56%) died and 9/25 (36%) survived. As shown 

in Figure 4, the mortality rate of neonates with 

Enterobacter spp. is statistically significant with 

a P value of <0.013. 

     Of the 25 isolates, 15/25 (60%) were BSC 

resistant, 4/25 (16%) non-BSC resistant, and 

6/25 (24%) were MRE.  For the six neonates 

with MRE, the mortality rate was 3/6 (50%) and 

survival rate was 2/6 (33.3%).  One patient with 

MRE was brought home against medical advice.  

The mortality rate among MRE cases was not 

statistically significant. Table 2 shows the 

tabulated clinical outcome, BSC resistant and 

MRE pattern. 

Table 2. The Clinical Outcomes,  BSC resistant and 

MRE pattern of Enterobacter Positive Patients. 
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Died I R S S BSC 

Unknown I R R R MRE 

Survived S R N/A S BSC 

Died S R S S BSC 

Died I R N/A S BSC 

Died S R N/A S 
BSC 

Survived R R S S 
BSC 

Died I R S R 
BSC 

Survived S S N/A S 

 

Not BSC 

Survived S R S S BSC 

Survived I R S S 
BSC 

Died R R N/A S 
BSC 

Died S R S R 
BSC 

Died S S S S 
Not BSC 

Died S S S S 
Not BSC 

Unknown I R R S 
BSC 

Died N/A R N/A I 
BSC 

Survived S S N/A S 
Not BSC 

Survived R R S S 
BSC 

Died R R R R 
MRE 

Survived R R R I 
MRE 

Died R R R I 
MRE 

Survived R R R I 
MRE 

Died R R R I 
MRE 

Died N/A R S R 
BSC 

(N/A – Antibiotic was not tested, Unknown – Patient was brought 

home against medical advice, BSC – Broad-spectrum Cephalosporins, 

MRE – Multiresistant Enterobacter, S – Sensitive, R – Resistant, I – 

Intermediate, BSC resistant – Resistant to Cefotaxime or Ceftazidime, 

MRE – Resistant to Cefotaxime or Ceftazidime, Ciprofloxacin and 

Gentamicin) 

 

DISCUSSION 

      No microbiologic test is more important for 

the clinician than the blood culture in dealing 

with sepsis. Although only 5 to 15 percent of 
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blood cultures drawn in symptomatic patients 

are positive,
16 

and out of this, only 72% are true 

positive results,
17

 the finding of pathogenic 

microorganisms in the bloodstream often 

provides critical clinical information that in turn 

leads to specific, often, life-saving therapy. In 

this study, the positivity rate of CDUH-NICU 

blood cultures is 8.4 % (110/1312), which is 

within the expected range. However, such rate 

is much lower in contrast to the studies done 

by Mokuolu et. al., Kumhar et. al., and Rahman 

et. al. with positivity rates of 30.8%, 42% and 

62.8%, respectively.
18,19,20 

The 8.4% rate, 

however, may not be a true reflection of the 

positive blood culture result but it provides the 

physician practicing in said institution a 

baseline percentage on neonatal bacteremia. 

      In Nepal, second to Klebsiella spp, said 

organism is the most common isolate (10 out of 

103 blood culture positive or 9.7%), during the 

period of January 2006 to February 2007 at 

Neonatal Division of BP Koirala Institute of 

Health Sciences, Dharan, Nepal (the largest 

tertiary care pediatric hospital in the Eastern 

region of Nepal).
8 

It is also a growing problem in 

Pakistan, based on a five-year prospective 

surveillance of neonatal sepsis at the Aga Khan 

University in Karachi Pakistan, wherein 10% of 

neonatal sepsis was caused by Enterobacter 

spp. with associated mortality of 21%.
9 

On the 

other hand, at the Neonatal Division of 

Dongguk University Hospital in Kyongju Korea, 

neonatal sepsis caused by Enterobacter spp. 

was 33.9% and associated mortality was 26.5 

%.
10

  

      In a twenty-two-year study (1977 to 1998) 

on the increase of Enterobacter spp. in 

neonatal sepsis at the Departments of 

Neonatology and Microbiology in Unidad de 

Investigacion, Hospital Universitario Son 

Dureta, Palma de Mallorca, Spain, 8.7% of all 

neonatal bacteremias are due to Enterobacter 

spp. and 6.6% of them died. An outbreak of 

Enterobacter spp. was noted in the years 1992 

to 1998.
11 

      During the last four years, results in this 

study showed a significant increase in the 

incidence of Enterobacter spp. as a cause of 

bacteremia; this observation had also been 

stated by other authors.
8-11 

Although, ICC’s 

routine surveillance failed to identify the source 

of infection, the source of outbreak and the 

causes of the emergence of Enterobacter spp., 

it should also be noted that in other 

neonatology units the same were not 

identified; this is supported by the previously 

mentioned institution studies. Improved 

hygiene practices led to the progressive 

disappearance of the epidemic strain in those 

hospitals. On the other hand, a study done by 

Levine, et. al. (1999), showed that because 

extensive intrapartum chemoprophylaxis can 

drastically reduce Group B Streptococcus (GBS) 

neonatal sepsis, a concomitant increase in the 

incidence of gram negative neonatal sepsis was 

observed.
21

 This may be a possibility in the 

researchers’ hospital but data on the use of 

intrapartum antibiotic prophylaxis given to the 

mothers of the neonates included in the study 

was not known. It is, however, interesting to 

note that most of the blood culture isolates 

within the study period were gram negative 

organisms. 

      The researchers also found that there was a 

relatively high rate of resistance to broad-

spectrum Cephalosporins (BSC) at 60% which is 

comparable to the recent published rates of 

30.5% up to 93.1%.
15

 The recommendation of 

not treating Enterobacter infections with broad 

spectrum Cephalosporins
15

 is also suggested by 

the researcher since BSC resistance in this study 

was quite high. 

      One of the findings in this study was that 

Enterobacter spp. was most sensitive to the 

four antibiotics tested—Imipenem, 

Meropenem, Cefepime and Piperacillin-

Tazobactam. The researchers, therefore, 

propose that in cases of documented 

Enterobacter bacteremia, the previously 

mentioned antibiotics should be the antibiotics 

of choice. 

      Even though all patients received the same 

empirical treatment—a combination of 

Ampicillin and Amikacin, later on shifted to 
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either, Ceftazidime and Piperacillin-

Tazobactam, and lastly to Meropenem or 

Imipenem based on the sensitivity result of the 

blood culture, the clinical outcome of neonates 

with Enterobacter spp. and the mortality were 

statistically significant. Although significant, this 

result may not be generalizable to all patients 

with Enterobacter spp. bacteremia because 

data on the patient’s factors (underlying 

diseases, age of gestation, birth weight) that 

were not included in this study may have 

influenced the higher mortality rate.  

      In evaluating the relationship between the 

clinical outcome and sensitivity patterns of 

Enterobacter spp. to MRE specifically, the result 

was not statistically significant at 

P<0.53.Although a growing number of resistant 

Enterobacter strains, particularly to BSC and 

MRE, have been observed,
15

 the impact of 

antibiotic sensitivity and resistance on mortality 

is still under debate.
22-25  

A study done by 

Marcos stated that bacteremias-associated 

mortality depends not only on antimicrobial 

therapy but also on other aspects of treatment 

(removal of infection foci) and patients factors, 

as mentioned above.
26

 This may explain why 

the relationship of the clinical outcome of 

neonates with MRE is not statistically 

significant. 

 
CONCLUSIONS AND RECOMMENDATIONS 

      The neonatal bacteremia of Enterobacter 

spp. in CDUH–NICU from January 2005 to 

December 2008 have an overall mortality rate 

of 56% (p<0.013), which was statistically 

significant; thus, continued surveillance should 

be maintained to control their emergence or 

spread. On the other hand, isolates were most 

sensitive to Imipenem (100%), Meropenem 

(92%), Cefepime and Piperacillin-Tazobactam 

(80%), which leads the researchers to suggest 

that any of these antibiotics may be used when 

dealing with the mentioned pathogen.  

       Most Enterobacter spp. isolates were BSC-

resistant while 24% were MRE-resistant.  

However, relationship of the clinical outcome 

and multiresistant Enterobacter spp. was 

statistically not significant, probably because 

the outcome depends not only on antimicrobial 

therapy but also on other aspects of treatment 

and other variables such as microorganisms 

that may need to be studied. 
 

 

REFERENCES 

1. Perinatal Mortality. Report No: 

WHO/FRH/MSM/967. Geneva: WHO, 2004. 

2. Bizzarro, B., 2005. Bizzarro MJ, Raskind C, Baltimore 

RS. Seventy-five years of neonatal sepsis at Yale: 

1928–2003.  Pediatrics 2005; 116:595-602. 

3. Fisher G, Horton RE, Edelman R. Summary of the 

Neonatal Institute Of Health Workshop on Group B 

Streptococcal Infections. J Infect Disease 1993; 

148:163-6. 

4. Vergnan, A. Vergnano S, Sharland M, Kasembe 

P. Neonatal sepsis: An international 

perspective.  Arch Dis Child Fetal Neonatal 

Ed 2005; 90: F220-F224. 

5. Sanders W.E. Jr, Sanders C.C. Enterobacter spp.: 

Pathogens poised to flourish at the turn of the 

century. Clinical Microbiology Rev. Apr 1997; 

10(2):220-41. 

6. Menashe G, Borer A, Yagupsky P. Clinical significance 

and impact on mortality of extended-spectrum B-

lactamases-producing Enterobacteriaceae isolates in 

nosocomial bacteremia. Scand J Infect Dis 2001; 33: 

188–93. 

7. M. Dalben, G. Varkulja, M. Basso, V.L.J. Krebs, M.A. 

Gibelli, I. van der Heijden, F. Rossi, G. Duboc, A.S. 

Levin, S.F. Costa. Investigation of an outbreak 

of Enterobacter cloacae in a neonatal unit and 

review of the literature. Journal of Hospital Infection 

2008; 70 (1): 7-14. 

8. Shrestha P1, Das BK2, Bhatta NK3, Jha DK4, Das B5, 

Setia A6, Tiwari A7. Clinical and Bacteriological 

Profiles of Blood Culture Positive Sepsis in 

Newborns. J. Nepal Paediatr. Soc.2008; 27 (2): 64-67. 

9. Z.A. Bhutta. Enterobacter sepsis in the newborn—a 

growing problem in Karachi. Journal of Hospital 

Infection 1996; 34: (3): 211-216. 

10. Chung KO, Chang CH, Cho SM, Lee DS, Kim DK, Choi 

SM. Retrospective 3-year Clinical Study of 

Enterobacter Bacteremia in Neonatal Intensive Care 

Unit. J Korean Pediatric Society. 1998; 41(4):466-

471. 

11. J. Hervas, F. Ballesteros, A. Alomar, J. Gil, V. Benedi, 

S. Alberti. Increase of Enterobacter in Neonatal 

Sepsis: A Twenty-Two Year Study. Ped Infec Dis J 

2001; 20:134-140. 

12. Infectious Control Committee Report. Cebu Doctors’ 

University Hospital. Cebu City, Philippines. 2009. 

13. Hernandez E. Jr., Santos W. and Matias A. Standards 

of Newborn Care. Third Edition 2008. P148. 



 

Downloaded from www.pidsphil.org 
 

29 
PIDSP Journal 2012 Vol 13 No.2 
Copyright ® 2012 

 

14. National Committee for Clinical Laboratory 

Standards. Performance Standards for Antimicrobial 

Disk Susceptibility Tests: M100-S12. NCCLS, Wayne, 

PA, USA, 2000. 

15. Lockhart SR, Abramson MA, Beekmann 

S. Antimicrobial resistance among Gram-negative 

bacilli causing infections in intensive care unit 

patients in the United States between 1993 and 

2004. J Clin Micro2007; 45(10):3352-9. 

16. Aronson M, Bar DH. Blood cultures. Ann Intern Med. 

1987; 106:246-253. 

17. Solante M, M.D., Torres T. Predictors of Clinically 

Significant Bacteremia in Patients with a Positive 

Blood Culture at the Philippine General Hospital. Phil 

J Microb Infect Dis 1997; 27(4):159-164 

18. Mokuolu AO, Jiya N, Adesiyun OO. Neonatal 

septicemia in Ilorin: bacterial pathogens and 

antibiotic sensitivity. Afr J Med Sc, 2002; 31 (2): 127-

30. 

19. Kumhar GD, Ramachandran VG, Guptap. 

Bacteriological analysis of blood culture isolates 

from neonates ina tertiary care hospital in India. J 

Health Popu Nut, 2002; 20(4):343-7. 

20. Rahman S, Hameed A, Roghani MT, Ullah Z. 

Multidrug resistant neonatal sepsis in Peshawar, 

Pakistan. Arch Dis Child Fetal Neonatal Ed, 87 (1): 

(2002). F52-4. 

21. E.M. Levine, V. Ghai, J.J. Barton, C.M. Strom. 

Intrapartum antibiotic prophylaxis increases the 

incidence of gram-negative neonatal sepsis.

Infectious Diseases in Obstetrics and Gynecology. 

Published Online: 26 Jul 1999.  7 (4): 210 - 213. 

22. D. Acolet, Z. Ahmet, E. Houang, R. Hurley, M. E. 

Kaufmann. Enterobacter cloacae in 

a neonatal intensive care unit: account of an 

outbreak and its relationship to use of third 

generation cephalosporins. J Hosp Inf 1994; 28 (4):  

273-286. 

23. Kang CI, Kim SH, Park WB. Bloodstream infections 

caused by Enterobacter species: Predictors of 30-

day mortality rate and impact of broad-spectrum 

cephalosporin resistance on outcome. Clin Infect 

Dis 2004; 39: 812–8. 

24. Harbarth S, Nobre V, Pittet D. Does antibiotic 

selection impact patient outcome? Clin Infect Dis 

2007; 44: 87–93. 

25. McGregor JC, Rich SE, Harris AD. A systematic 

review of the methods used to assess the 

association between appropriate antibiotic therapy 

and mortality in bacteremic patients. Clin Infect Dis 

2007; 45: 329–37. 

26. Marcos M, Soriano A, Martinez JA. Septic shock 

should be included in multivariable models analyzing 

the effect of empirical antibiotic therapy on 

mortality. Clin Infect Dis 2007; 45: 1401. 

27. Sharma PP, Halder D, Dutta A. Bacteriological Profile 

of Neonatal Septicemia. Indian Pediatrics 1997; 11: 

1010-7. 

28. National Nosocomial Infections Surveillance 

System. Intensive Care Antimicrobial Resistance 

Epidemiology (ICARE) Surveillance Report, data 

summary from January 1996 through December 

1997: A report from the National Nosocomial 

Infections Surveillance (NNIS) System. American 

Journal of Infectious Control1999; 27(3): 279-84. 

29. D. Talon, P. Menget, M. Thouverez, G. Thiriez, H. 

Gbaguidi Haore, C. Fromentin, A. Muller, X. 

Bertrand. Emergence of Enterobacter cloacae as a 

common pathogen in neonatal units: pulsed-field 

gel electrophoresis analysis. J Hosp Inf 2004; 57 

(2): 119-125. 

30. Bone RC, Balk RA, Cerra FB. Definitions for sepsis 

and organ failure and guidelines for the use of 

innovative therapies in sepsis. The ACCP/SCCM 

Consensus Conference Committee. American 

College of Chest Physicians/Society of Critical Care 

Medicine. Chest 1992; 101: 1644–55. 

31. Jarvis WR, Martone WJ. Predominant pathogens in 

hospital infections. J Antimicrob Chemother 1992; 

29 Suppl A: 19–24. 

32. Washington, J. A. An international multicenter 

study of blood culture practices. Eur. J. Clin. 

Microbiol. Infect. Dis. 1992; 11:1115-1128. 

33. Gross, P. A., C. L. Van Antwerpen, W. A. Hess, and 

K. A. Reilly. Use and abuse of blood cultures: 

program to limit use. Am. J. Infect. Control, 1988; 

16:114-117. 

 

 

 


