
S
epsis is a severe problem for neonates. It always

results in mortality or prolonged hospitaliza-

tion,1,2 and the control over nosocomial infections has

been a formidable challenge for a long period of

time.2-4 Recently, the Neonatal Intensive Care Unit

(NICU) of the Taipei Veterans General Hospital

(VGH-Taipei) encountered outbreaks of severe bac-

teremia. In order to understand the epidemiology of

neonatal sepsis in the NICU, we retrospectively col-

lected data on bacteremia to analyze its microbiology

and determine the antibiotic susceptibilities of the

causative organisms.

METHODS

Study population

From November 1999 to October 2001, all neonates

admitted to the NICU of VGH-Taipei were recruited as

the cohort. There were totally 623 infants, including 324

boys and 299 girls, accounting for 7,742 patient-days.

Babies born in VGH-Taipei accounted for 412 cases, and
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Background. Infections cause significant mortality and morbidity in neonates, es-

pecially the premature ones. Although there are various antibiotics can be used to

combat neonatal infection, resistant strains have subsequently emerged. In an epi-

demiological survey, we analyzed bacterial isolates and their antibiotic susceptibil-

ities for cases of bacteremia in a neonatal intensive care unit (NICU) of a teaching

hospital.

Methods. From November 1999 to October 2001, 623 neonates admitted to the

NICU were enrolled. The incidence and incidence density of bacteremia, morbidity

and mortality of sepsis, as well as antibiotic susceptibility, were investigated.

Results. Totally, 754 blood cultures were done on 623 patients. Fifty-eight patients

experienced 85 episodes of bacteremia, with 87 isolates cultured. The incidence of

bacteremia in our NICU was 9.31% (58/623) with an incidence density of

10.98/1000 patient-days. The overall mortality rate was 7.22%. The case fatality rate

of bacteremia was 20.7% (12/58). The bacterial pathogens encountered, in order of

frequency, were coagulase-negative Staphylococcus (29%), Staphylococcus aureus

(22%), and Enterobacter cloacae (17%). All of the gram-positive bacteria were sus-

ceptible to vancomycin, while the gram-negative bacteria were susceptible to

imipenem, amikacin and ciprofloxacin. Oxacillin-resistant S. epidermidis, oxacillin-

resistant S. aureus, and multi-drug resistant enterobacteriae were the leading micro-

organisms causing bacteremia in our NICU.

Conclusions. It is an endless struggle to combat neonatal infection. Periodic evalua-

tion of bacterial antibiotic susceptibility is necessary. More judicious selection of an-

tibiotics and rotating antibiotic regimens should be kept in mind to reduce the resur-

gence of multidrug resistant strains.

Received: May 2, 2003.

Accepted: October 2, 2003.

Correspondence to: Shu-Jen Chen, MD, Section of Neonatology, Department of Pediatrics, Children’s

Medical Center, Taipei Veterans General Hospital. 201, Shih-Pai Road, Sec 2, Taipei 112, Taiwan.

Tel: +886-2-28757576 ext. 112; E-mail: sjchen@vghtpe.gov.tw



those born outside accounted for 211 cases.

Data collection

For patients with positive blood cultures, data collec-

tion included gestational age, gender, birth body weight,

APGAR score, clinical diagnosis on admission, length of

hospitalization, the pathogenic bacteria of positive cul-

tures, and their antibiotic susceptibilities. Blood cultures

were obtained when sepsis was suspected. Around 0.5 ml

of blood was drawn in sterile conditions from peripheral

punctures. Blood was injected into Baxtar blood culture

bottles for incubation in BACTEC 9240 at 35.5 �C. After

bacterial growth was detected, the microorganisms were

transferred to culture media for further identification. A

Baxter Microscan AutoSCAN-4 was used to analyze the

species and antibiotic sensitivities.

Gram staining and disc diffusion methods were per-

formed if the results were controversial or if a rapid re-

port was required. If there was no bacterial growth after 7

days of incubation, the culture was reported to be nega-

tive. Antibiotic sensitivity tests for gram-positive bacte-

ria included ampicillin, ampicillin/sulbactam, penicillin,

oxacillin, clindamycin, cefazolin, cefotaxime, vancomycin

and ciprofloxacin. For the gram-negative bacteria, the

antibiotics tested were ampicillin, ampicillin/sulbactam,

piperacillin, gentamycin, amikacin, cefazolin, cefuroxime,

ceftazidime, ceftriaxone, imipenem and ciprofloxacin.

The incidence of bacteremia was defined as patients

of the study cohort with positive cultures. The bac-

teremia incidence density was defined as positive blood

culture episodes/1,000 patient-days. The overall mortal-

ity rate was defined as the number of deaths among the

total number of patients. The case fatality rate was de-

fined as the number of deaths among patients with

bacteremia. Non-parametric data are expressed as the

median and range.

RESULTS

Patient population

Totally, 754 blood cultures were done on 623 patients.

There were 58 patients with 85 episodes of bacteremia

caused by 87 isolates. The demographic data of patients

with bacteremia are given in Table 1. The overall inci-

dence of bacteremia was 9.31% (58/623), with an infec-

tion incidence density of 10.98/1000 patient-days (85/

7742). The distribution of bacteremia in neonates of nor-

mal birth weight (birth body weight [BBW] > 2,501 g),

low birth weight ([LBW] BBW 1,501-2,500 g), very low

birth weight ([VLBW] BBW 1,001-1,500 g), and ex-

tremely low birth weight ([ELBW] BBW < 1000 g) was

25.9%, 17.6%, 21.2%, and 35.3%, respectively. The over-

all NICU mortality rate was 7.22% (45/623).

The case fatality rate in patients with positive blood

culture was 20.7% (12/58). Three patients expired within

3 days of onset of sepsis. Among the cases who died, 5

patients had a birth body weight less than 1000 g, while

the remaining 7 had severe underlying diseases that in-

cluded complicated congenital heart disease (n = 3), con-

genital megacystis-microcolon-intestinal hypoperistalsis

syndrome (n = 1), congenital diaphragmatic hernia (n =

1), severe perinatal asphyxia (n = 1), and chronic diar-

rhea with failure to thrive (n = 1).

Distribution of bacteremia

Table 2 shows the bacteria isolated from our patients.

Of the 87 isolates, 55% (48/87) were gram-positive

cocci, 38% (33/87) were gram-negative bacilli, and 7%

(6/87) were yeast. In the gram-positive cocci, coagulase-
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Table 1 Demographics of the study group

n = 58

Male / Female 31 / 27

GA (wks) 32.3 � 5.6 (22 - 42)

BBW (g) 1770 � 982 (520-3774)

A/S*

1 min 5 (0-8)

5 min 7 (1-9)

LOS(d)*

NICU 37.5 (1-248)

Hospital 52.5 (1-248)

Time of positive blood culture

After admission (d)* 19 (1-188)

Admission diagnosis

Prematurity 37

CHD 6

Sepsis 3

Operation 1

Miscellaneous 11

A/S = Apgar Score ; BBW=birth body weight ; CHD = congenital

heart disease; LOS = length of stay ; NICU = neonatal intensive care

unit. *median (range).



negative Staphylococcus (CONS) was the leading micro-

organism, followed by Staphylococcus aureus. In the

gram-negative bacilli, Enterobacter was most often en-

countered, followed by Klebsiella, Acinetobacter and

Serratia. Six patients had positive cultures within 3 days

of admission. The remaining 52 patients showed positive

blood cultures more than 3 days after admission.

Forty-three patients had 1 episode of positive blood

culture, 8 had 2 episodes, 5 had 3 episodes, 1 had 5 epi-

sodes, and 1 patient had 8 episodes. The patient who had

5 episodes of bacteremia was a premature, extremely low

birth weight infant (BBW 654 g) with a long hospitaliza-

tion of 121 days. The patient who had 8 episodes of

bacteremia had a birth weight of 538 g and was hospital-

ized for 248 days. Two specimens grew multiple micro-

organisms in the same bottle. One was K. pneumoniae

and Enterococcus faecalis, while the other was Acineto-

bacter baumannii and CONS.

There were 6 patients who experienced 7 episodes of

bacteremia within 72 hours of admission: 2 episodes of

CONS, 1 episode of S. aureus, 2 of group B Streptococ-

cus (GBS), and 2 of K. pneumoniae. Four of them were

within 72 hours of birth, and had bacteremia caused by

gram-positive cocci (2 GBS, 1 CONS, and 1 S. aureus).

For the 2 patients with GBS bacteremia, 1 was a case of

meconium aspiration syndrome, and the other had a sei-

zure 2 days after birth. The patient with CONS bac-

teremia was noted to have maternal fever and suspected

amnionitis before delivery. Maternal cultures were nega-

tive possibly due to the administration of antibiotics. The

patient with S. aureus bacteremia had a congenital dia-

phragmatic hernia, and was treated with multiple inva-

sive management, which might have led to the bacterial

invasion. The remaining 2 patients were 3 days older on

admission. The patient with 2 positive cultures of K.

pneumoniae septicemia had chronic diarrhea. Two cul-

tures were obtained within 24 hours at different times,

and grew the same bacteria with the same antibiotic sen-

sitivities. This indicated that the antibiotics administered

did not sterilize the blood. Therefore, strictly speaking,

the 2 instances in this case represented the same episode.

There were 52 patients with 80 episodes of

bacteremia 3 days or longer after admission. For gram-

positive bacteremia, CONS was still the leading microor-

ganism, followed by S. aureus and E. faecalis. For

gram-negative bacilli, Enterobacter spp., K. pneumoniae,

A. baumannii and Serratia mercescens were noted. For

Enterobacter spp., E. cloacae accounted for 15 cases,

followed by 2 cases of E. sakazakii, and 1 case of E.

aerogenes.

Antibiotic susceptibilities

Table 3 shows the antibiotic susceptibilities of gram--

positive bacteria. GBS was sensitive to most of the anti-

biotics, including ampicillin, penicillin and oxacillin.

Ninety-five percent (18/19) of the cases with S. aureus

was oxacillin-resistant. Strains resistant to vancomycin

were not found in the study cohort. Table 4 shows the an-

tibiotic susceptibilities of gram-negative bacteria. For E.

cloacae, only 1 strain was sensitive to multiple antibiotics.

Others were only sensitive to imipenem (15/15),

meropenem (2/2) or ciprofloxacin (12/12). E. sakazakii

and E. aerogenes were sensitive to amikacin, imipenem,

and ciprofloxacin.

Three patients experienced 4 episodes of Acineto-

bacter septicemia. For the patient with 2 episodes of

Acinetobacter septicemia, the intervening interval was 3

months, and the bacterial pathogens of the second epi-

sode were sensitive to imipenem only. In another prema-

ture baby who expired due to Acinetobacter sepsis,

multi-drug resistance was noted, including amikacin,
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Table 2 Distribution of microorganisms of positive blood

cultures within 3 days of admission and those after

� 3 days > 3 days Total (%)

Bacterial species (n = 7) (n = 80) (n = 87)

Gram positive cocci 5 43 48 (55%)

CONS 2 23 25 (29%)

Staphylococcus aureus 1 18 19 (22%)

GBS 2 0 2 (2%)

Enterococcus faecalis 0 2 2 (2%)

Gram negative bacilli 2 31 33 (38%)

Enterobacter species 0 18 18 (21%)

Enterobacter cloacae 0 15 15 (17%)

Enterobacter sakazakii 0 2 2 (2%)

Enterobacter aerogenes 0 1 1 (1%)

Klebsiella pneumoniae 2 8 10 (11%)

Acinetobacter baumannii 0 4 4 (5%)

Serratia marcescens 0 1 1 (1%)

Fungi 0 6 6 (7%)

CONS = coagulase negative Staphylococcus; GBS = group B

Streptococcus



imipenem and 3rd-generation cephalosporins. No antibi-

otic was effective against that strain at that time. K.

pneumoniae was 100% (10/10) sensitive to imipenem,

followed by amikacin (8/10), cephalosporins (5/10),

gentamicin (5/10), and piperacillin (5/10). It was also

100% (7/7) sensitive to ciprofloxacin, although only 7

samples were tested. S. marcescens was sensitive to most

antibiotics except cefazolin, ampicillin/sulbactam and

cefuroxime.

DISCUSSION

The overall incidences of bacteremia in NICUs have

ranged from 1.9% to 30.4%.5-12 In Taiwan, Lin et al re-

ported a sepsis rate of 10.2% in a NICU,5 which is similar

to our result of 9.31%. Case fatality rates from septice-

mia in NICUs have ranged from 9% to 44.2%.8,9 In our

NICU, it was 20.7% (12/58). Many studies have reported

CONS to be the most common bacteria in nosocomial in-

fections,5-16 and our data showed the same results. For

bacteremia that occurred within 3 days of birth, GBS was

the leading microorganism, whereas no gram-negative

bacteria were found. These results are also similar to

those of other reports.3 Some studies have shown that E.

coli was the most common bacteria of early onset

bacteremia.6,12 However, we found no E. coli bacteremia

during our study period since early onset neonatal bac-

teremia cases was few in our hospital. The occurrence of

CONS in early onset bacteremia was also reported.12 In
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Table 4. Antibiotic susceptibilities of gram-negative organisms

Bacterial sepcies Enterobacter spp.

E. cloacae E. Sakazakii E. aerogenes A. baumannii K. pneumoniae

Antibiotics n = 15 n = 2 n = 1 n = 4 n = 10

Ampicillin 0 0 0 0 0

Ampicillin/Sulbactam 0 0 0 N/A 0

Piperacillin 1 0 0 0 4

Gentamicin 1 0 0 1 5

Amikacin 5 2 1 2 8

Cefazolin 0 0 0 0 5

Cefuroxime 0 0 0 1 5

Ceftazidime 0 0 0 1 6

Ceftriaxone 1 1 1 1 5

Imipenem 15 1 1 3 10

Ciprofloxacin 12 (n = 12) 2 1 N/A 7 (n = 7)

N/A = not available.

Table 3. Antibiotic susceptibilities of gram-positive organisms

Staphylococcus

aureus

Coagulase negaive

Staphylococcus

Group B Streptococcus Enterococcus

faecalis

Bacterial sepcies

age of patients � 3 days old > 3 days old � 3 days old > 3 days old � 3 days old > 3 days old

Antibiotics n = 1 n = 18 n = 1 n = 24 n = 2 n = 2

Ampicillin 0 0 0 0 2 2

Ampicillin/Sulbactam 0 1 N/A 0 1 (n = 1) 1 (n = 1)

Penicillin 0 0 0 0 2 2

Oxacillin 0 1 0 1 2 0

Clindamycin 0 1 0 4 2 0

Cefazolin 0 1 0 0 2 0

Cefotaxime 0 1 0 0 1 N/A

Vancomycin 1 18 1 24 2 2

Ciprofloxacin N/A 3 (n = 15) N/A 12 (n = 18) N/A 1

N/A = not available.



our studies, CONS was not only cultured from patients

more than 3 days after admission, but was also was found

in patients within 3 days of admission.

In this study, all of the gram-negative bacilli were

cultured from patients who had stayed in the hospital for

more than 3 days. According to previous studies, most

strains of E. cloacae were sensitive to aminoglycosides,

whereas E. aerogenes was more sensitive to tetracycline,

colistin and chloramphenicol.17, 18 However, our data re-

vealed that in most cases E. cloacae was resistant to

aminoglycosides but sensitive to imipenem, meropenem

and ciprofloxacin. Since 1983, production of extended

spectrum beta-lactamases (ESBLs) or AmpC gene beta-

lactamases has been found in many gram-negative bacte-

ria such as K. pneumonia, E. coli, Klebsiella oxytoca, Sal-

monella spp, Pseudomonas aeruginosa, Proteus mirabilis,

and Enterobacteriaceae.19 The occurrence of multi-drug

resistant E. cloacae in our NICU might result from these

two mechanisms that were against most 3rd-generation

cephalosporins in the current usage. However, further

analysis should be done for confirmation.

In contrast, for E. aerogenes, aminoglycosides and

3rd-generation cephalosporins were still effective. While,

Acinetobacter bacteremia was reported to be increase, in

NICU patients20,21 the resurgence of multi-drug resistant

strains is an important issue. Strains resistant to

imipenem are reported toreach 12.9%.22 Amino-

glycoside combined with imipenem, a beta-lactamase in-

hibitor, or quinolones, was synergistic in vitro against

such a strain.23 Multi-drug resistant Acinetobacter was

also noted in our NICU. Although this was a sporadic

case, careful monitoring is mandatory. Fungemia ac-

counted for 7% of sepsis in our series (n = 6). However,

in other series, it has been as high as 24.2% and was the

second most common microorganism.5 Treatment with

amphotericin B was successful in 5 patients. One patient

expired due to fungemia with septic shock.

In our NICU, prophylactic antibiotics were often

prescribed for high-risk newborns, with ampicillin plus

aminoglycosides serving as the empiric ones. They were

often discontinued 3 to 7 days later if patients were in sta-

ble condition and blood cultures turned negative. How-

ever, this combination therapy seems effective for GBS

infections only. Since oxacillin-resistant S. aureus

(ORSA), oxacillin-resistant S. epidermidis (ORSE), and

multi-drug resistant enterobacteriae are the prevalent

microorganisms in our NICU, the role of prophylactic

antibiotics seems questionable. The discovery of

multidrug-resistant Enterobacteriae and Acinetobacter

has stimulated a more careful and judicious use of

antimicrobial agents, especially because a resurgence in

strains resistant to 3rd-generation cephalosporins, im-

ipenem or to quinolones will occur in the future. Pro-

longed use of antibiotics increases the occurrence of

fungemia. Judicious selection of antibiotics for adequate

durations should always be kept in mind.

Invasive procedures, empiric antibiotics, hyper-

alimentation, prolonged hospitalization, and extremely

low birth weight per se, increase the risk of infection.16,24

To control infections, prolonged use of broad-spectrum

antibiotics is often encountered, which leads to the resur-

gence of multidrug-resistant organisms.24 Therefore,

preventive antibiotics should be used as little as possible,

while therapeutic antibiotics should be specific and used

as short period of time as possible. The combined use of

various antibiotics should likewise be judicious. In con-

ditions wherein the use of antibiotics is necessary, rotat-

ing antibiotic regimens has been suggested and may be a

way to solve this problem.25

In conclusion, different NICUs have different epi-

demiologies of nosocomial infections.2-4 Collection of

up-to-date data is mandatory for appropriate use of anti-

biotics. To select antibiotics conscientiously according to

susceptibility tests is very important, and strategies to

avoid the resurgence of multidrug-resistant strains

should be established.

REFERENCES

1. Drews MB, Ludwing AC, Leititis JU, and Daschner FD. Low

birth weight and nosocomial infection of neonates in a neona-

tal intensive care unit. J Hosp Infect 1995;30:65-72.

2. Goldmann DA, Freeman J, Durbin WA. Nosocomial infection

and death in a neonatal intensive care unit. J Infect Dis

1983;147:635-41.

3. Cordero L, Sananes M, Ayers LW. Bloodstream infections in a

neonatal intensive-care unit: 12 years’experience with an anti-

biotic control program. Infect Control Hosp Epidemiol 1999;

20:242-6.

4. Brodei SB, Sands KE, Gray JE, Parker Ra, Goldmann DA, Da-

January 2004 Bacteremia in a Neonatal ICU

19



vis RB, et al. Occurrence of nosocomial bloodstream infec-

tions in six neonatal intensive care units. Pediatr Infect Dis J

2000;19:56-62.

5. Lin IJ, Chen CH, Chen PY, Wang TM, Chi CS. Nosocomial in-

fection in a neonatal intensive care unit-from a viewpoint of

national health insurance. Acta Paediatr Taiwan 2000;41:

123-8.

6. Kilani RA, Basamad M. Pattern of proven bacterial sepsis in a

neonatal intensive care unit in Riyadh, Saudi Arabia: a 2-year

analysis. J Med Liban 2000;48:77-83.

7. Sanghvi KP, Tudehope DI. Neonatal bacterial sepsis in a neo-

natal intensive care unit: a 5-year analysis. J Pediatr Child

Health 1996;32:333-8.

8. Berger A, Salzer HR, Weninger M, Sageder B, Aspock C. Sep-

ticaemia in an Austrian neonatal intensive care unit: a 7-year

analysis. Acta Paediatr 1998;87:1066-9.

9. Samanci N, Ovali F, Akdogan Z, Dagoglu T. Neonatal septice-

mia in a neonatal intensive care unit. Results of four years.

Turk J Pediatr 1997;39:185-93.

10. Gaynes RP, Edwards JR, Jarvis WR, Culver DH, Tolson JS,

Marton WJ. Nosocomial infections among neonates in

high-risk nurseries in the United States. Pediatrics 1996;98:

357-61.

11. Akihiki E, Ken M, Ryousuke M. Bacterial changes in neonatal

intensive care unit. Acta Paediatr Jpn 1996;38:12-6.

12. Ronnestad A, Abrahamsen TG, Gaustad P, Finne PH. Blood

culture isolates during 6 years in a tertiary neonatal intensive

care unit. Scand J Infect Dis 1998;30:245-51.

13. Mahieu LM, Dooy JD, Lenaerts AE, Leven MM, Muynck

AOD. Catheter manipulations and the risk of catheter-

associated bloodstream infection in neonatal intensive care

unit patients. J Hosp Infect 2001;48:20-6.

14. Donowitz LG, Haly CE, Gregory WW, Wenzel EP. Neonatal

intensive care unit bacteremia. Emergence of gram-positive

bacteria as major pathogens. Am J Infect Control 1987;15:

141-7.

15. Battisti O, Mitchison R, Davies PA. Changing blood culture

isolates in a referral neonatal intensive care unit. Arch Dis

Child 1981;56:775-8.

16. Fleer A, Senders RC, Visser MR. Septicemia due to coagulase-

negative staphylococcus in a neonatal intensive care unit: clin-

ical and bacteriological features and contaminated parenteral

fluids as source of sepsis. Pediatr Infect Dis J 1983;2:426-31.

17. Fok TF, Lee CH, Wong EMC, Lyon DJ, Wong W. Risk factors

for Enterobacter septicemia in a neonatal unit: case-control

study. Clin Infect Dis 1998;27:1204-9.

18. Jogn JF, Sharbaugh RJ, Bannister ER. Enterobacter cloacae:

bacteremia, epidemiology, and antibiotic resistance. Rev Infect

Dis 1982;4:13-28.

19. Waterer GW. Increasing threat of Gram-negative bacteria. Crit

Care Med 2001;29:N75-81.

20. Regev R, Dolfin T, Zelig T. Acinetobacter septicemia: a threat

to neonates? Special aspects in a neonatal intensive care unit.

Infection 1993;21:394-6.

21. Allen DM, Hartman BJ. Acinetobacter species. In: Mandell

GL, Bennett JE, Dolin R, eds. Principles and Practice of In-

fectious Diseases, Churchill Livingstone 2000:2339-42.

22. Ang SW, Lee ST. Emergence of a multiply-resistant strain of

Acinetobacter in a burns unit. Ann Acad Med Singapore 1992;

21:660-3.

23. Marques MB, Brookings ES, Moser SA. Comparative in vitro

antimicrobial susceptibilities of nosocomial isolates of

Acinetobacter baumannii and synergistic activities of nine

antimicrobial combinations. Antimicrob Agents Chemother

1997;41:881-5.

24. Sohn AH, Garret DO, Sinkowitz-Cocbran RL, Grobskopf LA,

Levine GL, Stover BH, et al. Prevalence of nosocomial infec-

tions in neonatal intensive care unit patients: results from the

first national point-prevalence survey. J Pediatr 2001;139:

821-7.

25. Quinn JP, Rodvold KA. Antibiotic policies in neonatal inten-

sive-care units. Lancet 2000;355:946-7.

20

Ni-Chung Lee et al. Journal of the Chinese Medical Association Vol. 67, No. 1


