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ABSTRACT
Background: Neonatal septicemia has been reported as the most common clinical category of neonatal sepsis and it is the 

term used to describe any systemic bacterial infection documented by positive blood culture in the first month of life. Bacterial 
pathogens of neonatal septicemia may vary from one country to another and within a country from one hospital or region to 
another. These organisms may even vary at different times within the same place.

Objective: The Purpose of the study was to identify the bacterial organisms causing neonatal septicemia along with its antibi-
otics susceptibilities among neonates who were admitted to the neonatal care unit (NCU) in Al-Ramadi Maternity and Children 
Teaching Hospital (MCTH).

Patients and Methods: A cross-sectional study was conducted in the NCU of Al-Ramadi MCTH from the first of February to 
the end of July 2012. The age of patients under study ranged from birth to 28 days of life. One hundred sixteen samples were 
enrolled as a part of the evaluation of septicemia. Blood culture as a “gold standard” and antibiotics susceptibility was done 
under aseptic technique for all studied cases. 

Results: 116 neonates were admitted as suspected clinically to have septicemia, thirty-six (31%) cases were confirmed to have 
septicemia by positive blood culture. Gram-positive bacteria were the dominant isolate (72.2%). The most frequent isolated 
organism was Staphylococcus aureus (52.8%) followed by Klebsiella pneumonia (19.4%), Staphylococcus heamolyticus (16.7%), 
E.coli (5.5%), Aerococcus viridans (2.8%) and Pseudomonas aeruginosa (2.8%). Staphylococcus aureus showed the highest sus-
ceptibility to Vancomycin (89.5%) and Gentamycin (78.5%). While Klebsiella pneumonia showed the highest susceptibility to 
Amikacin (100%) and Gentamycin (71.4%). Staphylococcus heamolyticus showed very high susceptibility to Vancomycin, 
Gentamycin, and Clindamycin (100% for each) with high susceptibility to Cefoxitin (83.3%) and complete resistance to 
Oxacillin. E.coli showed very high susceptibility to Amikacin (100%) and complete resistance to other selected antibiotics.

Conclusions: Gram-positive bacteria (especially Staphylococcus aureus) were the most prevalent bacteria followed by 
Klebsiella pneumonia. The highest effectiveness of antibiotics was noticed with Amikacin and Vancomycin.
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INTRODUCTION

Neonatal sepsis, the third most common cause of death in children 
under the age of 5 years, results in half a million deaths each year, the 
vast majority of which are in developing countries1). There are approxi-
mately 7 cases of neonatal sepsis per 1000 live births, increasing to 162 
per 1000 live births in very low birth weight neonates2). However, 
between 30% and 50% of all deaths in children under the age of 5 years 
occur in the first month of life1).

Neonatal sepsis may be categorized as early-onset neonatal sepsis 
(EONNS) and late-onset neonatal sepsis (LONNS) which is defined as 
illness appearing from birth to 7 days, eight to 28 days postnatal age 
respectively3). Eighty-five percent of the newborn with early-onset 
infection present within 24 hours, 5% present at 24-48 hours, and the 
other percentage present between 48 hours to 6 days4). However, ear-

ly-onset had involved those who are presented until 7 days of life3). It 
may present with subtle early signs or as a fulminating septicemic ill-
ness and the main routes of transmission are via transplacental or 
`ascending vaginal routes from the mother5). Late-onset sepsis is gener-
ally regarded to originate from the caregiving environment; either health 
care or community setting6).

Neonatal septicemia which is the term used to describe any system-
ic bacterial infection documented by positive blood culture in the first 
month of life7) has been reported as the most common clinical category 
of neonatal sepsis8).

Bacterial pathogens of neonatal septicemia may vary from one coun-
try to another and within a country from one hospital or region to another. 
These organisms may even vary at different times within the same place7).

The most common organisms causing the early onset infection are 
GBS, E.coli, other Streptococci, and H. influenza. While the organisms 
causing late-onset infection are coagulase-negative Staphylococcus 
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(CONS), Staphylococcus aureus, Enterococci, Klebsiella pneumonia, 
E.coli, and others3).

In developing countries, studies showed that more than half the 
cases of neonatal septicemia were due to Staphylococcus aureus, E.coli 
or Klebsiella and more than 40% of septicemia in neonates was due to 
pathogens that were resistance (or had reduced susceptibility) to the 
antibiotic combination of ampicillin/penicillin and gentamycin, or the 
increasingly used alternative, third-generation cephalosporin1).

Early diagnosis represents a major challenge because of non-specif-
ic nature of signs and symptoms and non-availability of standard micro-
bial culture results in the first 48 hours, some researches start earlier to 
look into possible rapid component diagnostic marker of neonatal septi-
cemia like interleukins-6, Interleukin-8, tumor necrosis factor-α, procal-
citonin, C-reactive protein, immunoglobulins/ and others3).

The "gold standard" for diagnosing neonatal septicemia is the blood 
culture. Whereas a positive culture confirms the diagnosis, a negative 
culture does not exclude septicemia9).

The choice of antibiotics treatment for neonatal septicemia must be 
driven by hospital-specific guidelines based on prevalent organisms and 
their susceptibility patterns in the particular nursery/hospital environ-
ments10). 

The present study was undertaken to study neonatal septicemia and 
its antimicrobial susceptibilities at the main referral hospital in 
Al-Anbar governorate, west of Iraq.

PATIENT  AND  METHOD 

A descriptive cross-sectional hospital base study has been carried 
out to outline the pattern of pathogenic organisms causing neonatal sep-
ticemia with its antibiotics susceptibility in neonate patients who were 
admitted to NCU in Al-Ramadi MCTH over 6 months from the first of 
February to the end of July 2012.

Approval was obtained from the research committee of Al-Anbar 
University and Informed consent was obtained from the parents or care-
giver of the neonates.

The age of patients under study ranged from birth to the end of 28 
days and grouped as early-onset neonatal septicemia (EONNS) from birth 
to the 7th day and late-onset neonatal septicemia (LONNS) from the 8th 
day to the 28th day of life3). The patients under study were based on the 
suspicion of having septicemia when there are a clinical signs and symp-
toms consistent with possible serious infection including hypothermia < 
36℃ , hyperthermia > 38℃ , refusal for feeding, lethargy, grunting, bulg-

ing fontanels, seizure, abdominal distention, tachypnea (respiratory rate > 
60 bpm, cyanosis, bradycardia <100 b/m , jaundice, omphalitis and con-
junctivitis3). All suspected cases during the study period were included.

A sample of 2 ml of peripheral blood was collected under aseptic 
technique using iodine tincture then wiped off with 70% alcohol starting 
at the center of the site and swabbing concentrically for 1 minute then 
allow the venipuncture site to dry and perform the sample then transport 
directly to the laboratory11). 

The blood culture bottles were incubated at 37℃ inside BacT 
ALERT system (manufactured by Biomerieux, France)12) after diluted 10 
times with broth then opened aseptically and small amount of broth was 
removed with a sterile loop to be seeded on Mac Conkey Agar, blood 
agar, chocolate agar, and Salmonella-Shigella (SS) agar13).

Blood culture bottles were used for culturing blood samples contain-
ing charcoal which reduced the effects of pre-used antibiotics. Antibiotics 
susceptibility pattern was performed using the Kirby-Bauer disc diffusion 
method on Muellure-Hinton agar which recommended by WHO12).

VITEK 2 compact Technology (manufactured by Biomeriex France) 
was used as an additional diagnosis for identification of the bacterial 
isolation and their antibiotics susceptibility14).

Statistical analysis was performed using Epi Info version 7 and used 
percentages for categorical variables. 

RESULTS 

In the current study, 116 neonates admitted to NCU as suspected 
clinically to have septicemia. Thirty six approximately (31%) of them 
were confirmed to have neonatal septicemia by blood culture; 19 
(52.8%) were males and 17 (47.2%) were females with a male/female 
ratio of 1.32:1.

Regarding the onset of septicemia, 13 (36.1%) cases were found to 
have EONNS and 23 (63.9%) have LONNS and 26 (72.2%) cases 
weighted equal or less than 2500 gm. and 10 (27.8%) cases were more 
than 2500 gm. 

Among these results, 32 (88.9%) cases were delivered at the hospi-
tal and 4 (11.1%) cases were delivered elsewhere, 28 (77.8%) cases had 
a history of the intravenous line and/catheter while 8 (22.2%) had no 
such history. Furthermore, 12 (33.3%) cases had a history of hospital-
ization versus 24 (66.7%) cases had no that history. Table 1 had shown 
the Baseline variables of enrolled cases.

Gram-positive bacteria were the predominant pathogens accounting 
for 26 (72.2%) cases with a high prevalence rate in LONNS (87%) as 
compared with gram-negative bacteria which were of rate (27.8%). 
However, the latter was predominant in the EONNS (53.8%) as shown 
by Table 2.

Table 1. Baseline Variables of Enrolled Total Cases (Total n = 
116, Positive Blood Culture n = 36).

Variables +ve Blood  -ve Blood  Total Suspected 
 Culture Culture Cases

Gender   
Male 19 (52.8) 47 (58.8) 66 (56.9)
Female 17 (47.2) 33 (41.2) 50 (43.1)

Age   
≤ 7days 13 (36.1) 39 (48.8) 52 (44.8)
>7 days 23 (63.9) 41 (51.2) 64 (55.2)

Weight   
≤ 2500 gm 26 (72.2) 40 (50) 66 (56.8)
> 2500 gm 10 (27.8) 40 (50) 50 (43.2)

Delivery place   
Hospital 32 (88.9) 65 (81.3) 97 (83.7)
Elsewhere 4 (11.1) 15 (18.7) 19 (16.3)

History of I.V. line 
and/catheter   

Yes 28 (77.8) 57 (71.2) 85  (73.2)
No 8 (22.2) 23 (28.8) 31 (26.8)

Hospitalization   
Yes 12 (33.3) 27 (33.7) 39 (33.6)
No 24 (66.7) 53 (66.3) 77 (66.4)

total 36(31.03) 80(69.97) 116

+ve: Positive; -ve: Negative; I.V.; Intra-Venous.

Table 2. Distribution of Pathogenic Agents According to 
Gram Stains with Age of Onset.

Pathogenic agent Total No. (%) EONNS No. (%) LONNS No. (%)

Gram-positive 26 (72.2) 6 (46.2) 20 (87)
Gram-negative 10 (27.8) 7 (53.8) 3   (13)

Total 36 (100) 13 (100) 23 (100)

Table 3. Frequency Distribution of Bacterial Isolates 
According to the Type of Septicemia.

Bacterial agent EONNS  LONNS Total 
 (n = 13)(%) (n = 23)(%) (n = 36) (%)

Staphylococcus aureus 1 (7.7) 18 (78.3) 19 (52.8)
Klebsiella pneumonia 5 (38.5) 2 (8.7) 7 (19.4)
Staphylococcus heamolyticus 5 (38.5) 1 (4.3) 6* (16.7)
(CONS)
Escherichia coli 2 (15.3) 0 (0) 2 (5.5)
Aerococcus viridans 0 (0) 1 (4.3) 1 (2.8)
Pseudomonas aeruginosa 0 (0) 1 (4.3) 1 (2.8)

Total 13 (36.1) 23 (63.9) 36 (100)

*: all the six babies with CONS were underweight (ranging from 1600-2300 gm.) while 

5 out of 6 had been subjected to I.V. line and/or catheter.
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Regarding culture-positive babies, EONNS constituted 13 (36.1%) 
while LONNS percentage was 23 (63.9%). The most frequently isolated 
organism was Staphylococcus aureus 19(52.8%) followed by Klebsiella 
pneumonia 7 (19.4%), Staphylococcus heamolyticus (CONS) 6 (16.7%), 
E.coli 2 (5.5%), and Aerococcus viridans and Pseudomonas aeruginosa 
represented 1(2.8%) case for both.

Staphylococcus aureus represented 78.3% of the LONNS, while 
Klebsiella pneumonia and CONS were dominant pathogens in the 
EONNS and represented (38.5%) for each. Details of bacterial isolates 
and comparisons between the causative agents and the type of septice-
mia are shown in Table 3. 

As concerns the antibiotic susceptibilities of Gram-positive bacteria, 
Staphylococcus aureus showed the high susceptibility to Vancomycin 
and Gentamycin (89.5% and 78.5% respectively) followed by 
Clindamycin, Cefoxitin, and Oxacillin (68.4%, 63.2%, and 57.9% 
respectively). 

CONS were found to have a very high susceptibility to Vancomycin, 
Gentamycin, and Clindamycin (100% for each) in addition to relatively 
high susceptibility to Cefoxitin (83.3%) while complete resistance to 
Oxacillin (100%) had been shown. On the other hand, one case of 
Aerococcus viridans was isolated which showed susceptibility to 
Vancomycin, Gentamycin, and Clindamycin, and was resistant to 
Cefoxitin and Oxacillin as shown by Table 4.

As regards the susceptibility of Gram-negative bacterial isolates, 
Klebsiella pneumonia was found to have a very high rate of susceptibili-
ty to Amikacin (100%). However, they were found to have a relatively 
high rate of susceptibility to Gentamycin (71.4%) and have low suscep-
tibility for Pipercillin (42.9%). While Levofloxacin and Ceftriaxone 
were associated with (28.6%) susceptibility for each. E.coli appeared to 
be highly susceptible to Amikacin (100%) and completely resistant to 
other selected antibiotics. Pseudomonas aeroginosa was isolated in only 
one case which found to be susceptible to all selected antibiotics as 
shown by Table 5.

DISCUSSION

Early diagnosis and early treatment of neonates with suspected sep-
sis are required to reduce sepsis-associated mortality. Unfortunately, 
diagnosis is difficult, symptoms and signs are usually nonspecific and 
laboratory methods usually lack both sensitivity and specificity15).

In the vast majority of cases, antimicrobial therapy must be initiated 
empirically. Therefore, the accurate prediction of likely pathogens and 
antimicrobial resistance patterns is crucial for successful therapy16).

In the current study, the occurrence rate of positive blood cultures 
was 31%; such finding was lower than what was reported by Al-Zwaini 
(38.2%) in our hospital in 200517) an much lower than results reported by 
Al-Hamadani (56%)18) and Sima et al (55.6 %)19). In contrast, this result 
was higher than what was reported from Al-Kadimiya teaching hospital 
(15.5%)20). These variations may be related to different rates of prenatal 
care, prematurity, low birth weight, and environmental conditions. Also 
male to female ratio was 1.32:1, comparable results were reported by 
other studies17,18,20,21) and this result is in line with the general concept of 
male susceptibility to infection3). Neonates with septicemia weighted 
equal or less than 2500 gram were 72.2% as compared to neonates with 
septicemia weighed more than 2500 gram. Comparable results were 
reported by other studies5,22), also this results come with general concept 
that the majority of septicemia occurred in low birth weight babies3).

The LONNS was more common than EONN and have occurred in 
63.9%. This result is comparable with studies from the same area17) and 
Turkey16). Furthermore, a similar pattern was observed in some western 
countries, as reported by Hoogen A.V et al23), while it was in contrast 
with the results reported from some other parts of Iraq24), Kuwait25) and 

Iran26). Such variation may be related to the characters of our patients, 
since most cases were underweight (72.2%) so almost need more hospi-
talization and they get the infection when treated for other conditions or 
presented after a period of hospitalization as nosocomial infection.

Among all confirmed cases, gram-positive bacteria (Staphylococcus 
aureus, CONS, and Aerococcus viridans) were the dominant one (72.2%) 
and the most frequent isolated organisms among the total bacterial iso-
lates were Staphylococcus aureus (52.8%) followed by the Klebsiella 
pneumonia (19.4%) as shown by Table 2. This pattern was in agreement 
with 19 review studies in developing countries regarding the dominance 
of gram-positive bacteria especially Staphylococcus aureus and regard-
ing Klebsiella pneumonia as a dominant Gram-negative bacteria1). This 
can be explained by that the majority of our cases were late-onset and 
72.2% of them weighed less than 2500 gm. and 88.9% born at the hospi-
tal. So nosocomial infection is possible3,5). The source may be the other 
neonates, staff; catheters associated with bloodstream infections25,27).

The increased incidence of CONS (16.7%) as shown by Table 3 is 
different from previous studies in our unit which was not isolated at 
all17,21). On the other hand, CONS were proved as significant pathogens 
in many studies from the Middle East and Europe3,16,23,26,28). Gheibi et al, 
reported that CONS was the commonest cause of both early (48.8%) 
and late-onset (69.8%) neonatal septicemia followed by Klebsiella, E. 
coli, and Staphylococcus aureus26).

This infection (CONS) is often associated with the use of indwell-
ing vascular catheters or central lines which was recently performed in 
this hospital at a higher rate especially after the establishment of the 
pediatric surgical center in addition to dialysis unit or due to our use of 
the new technique in performing blood cultures.

E. coli, being a cause of septicemia, appeared to be associated with 
a low rate (5.5% of the total confirmed cases) compared with other bac-
teria (occurred only in the early-onset disease). This result was lower 
than what was reported by previous studies in our NICU17,21) and other 
places25,28) and lowers than data reported by AL-Hamadani AH and 
Ibrahim SA et al. (27.3%, 11.5 % respectively)18,20). However, it was 
comparable with what was reported (5.1%) from a Kuwaiti tertiary hos-
pital25). Such a result may be attributed to an increase in the use of pro-
phylactic antibiotics in the pre-partum stage that could lower the occur-
rence of these bacteria and other bacteria transmitted via placenta or 
vaginal rout like Listeria monocytogenes3). 

On the other hand, Aerococcus viridans was isolated from a neonate 
(2.8%) aged 27 days as one of preterm twin weighted less than 2500 gm. 
with a history of hospitalization for 2 weeks. Such opportunistic organism 
is likely to cause infection in patients need long hospitalization; however, 
this microorganism could be isolated from skin, ears, and eyes29).

Pseudomonas aeruginosa was isolated in one case (2.8%) which 
delivered by cesarean section and had a history of hospitalization for 5 
days. This is lower than what was reported by Al-Bayaa et al (9.2 %)7) 
Yilmaz.et al (20%)16), Crivaro et al (10.6%)30). However, it was of low 
rate which might be due to its high susceptibility to Gentamycin which 
used as initial treatment in our unit.

Group B streptococcus, was not isolated at all by this study. This 
result was disagreed with what was reported from some middle east and 
Western developed countries7,16,28,31). While Group B streptococcus was 
proved as an insignificant pathogen in many developing countries as 
supported by numbers of other studies17,18,21,26). 

This might be related to the use of intrapartum antibiotics to reduce 
vertical transmission of Group B streptococcus as well as to lessen neo-
natal morbidity after premature rupture of membrane3), or maybe related 
to low prevalence of Group B streptococcus colonization of pregnant 
mothers in this area or possibly due to the presence of strains with low 
virulence. Furthermore, Neisseria gonorrhea was not isolated in studied 
samples. However, as reported by other studies, it is of low prevalence 
rate3,10,16,26).

Table 4. Frequency Distribution of Antibiotics Susceptibility for 
Gram-Positive Bacteria.

pathogens Total VA GE CL CE OX
 N = 26 No. (%)  No. (%) No.(%) No.(%)  No. (%)

S. aureus 19 17 (89.5) 15(78.5) 13(68.4) 12(63.2) 11 (57.9)
CONS 6 6  (100)  6(100)  6(100)  5(83.3)   0 (0)
Aerococcus 1 1(100)  1(100)  1(100)   0(0)   0 (0)
viridans

VA: Vancomycin; GE: Gentamycin; CL: Clindamycin; CE: Cefoxitin; OX: Oxacillin

Table 5. Frequency Distribution of Antibiotics Susceptibility for 
Gram-Negative Bacteria.

Pathogens Total AM GE PI LE CF
 No.= (10) No. (%) No.(%) No.(%) No.(%) No.(%)

Klebsiella  7 7 (100) 5 (71.4) 3 (42.9) 2 (28.6) 2 (28.6)
pneumonia
E.Coli 2 2 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Pseudomonas  1 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)
aeroginosa

AM: Amikacin; GE: Gentamycin; PI: Pipercillin; LE: Levofloxacin; CF: Ceftriaxon



Al-Ani M. M. et al.404

Regarding the antibiotics susceptibility, Staphylococcus aureus 
(52.8%) were found to be highly susceptible to Vancomycin (89.5%), 
Gentamycin (78.9%), and lower for Clindamycin and cefoxitin (68.4% 
for both) and less susceptible to Oxacillin by (57.9%). This study 
showed that susceptibility rate of Staphylococcus aureus was lower than 
reported by Leonard et al (Vancomycin 100%, Clindamycin 73%, 
Oxacillin 60%)32) And higher from that was reported by Goswami et al33) 
(Vancomycin 54.1%, Gentamycin20.8%, Oxacillin 29.2%). The latter 2 
studies reported Staphylococcus. The aureus prevalence rate of were 
(12% and 26,2% respectively). In the current study, the prevalence rate 
of Staphylococcus aureus (52.8%) was higher than that was reported by 
Leonard et al which might explain the relatively low rate of our results 
of antibiotics susceptibility under study and this may guide us to an idea 
about the evolution of a resistance to these antibiotics in our hospital.

Klebsiella pneumonia was found to have a very high susceptibility 
to Amikacin (100%) and high susceptibility to Gentamycin (71.4%) and 
agree with the study by Al-Hamadani A.H. (Amikacin 100%) and 
Leonard et al (Amikacin 98%, Gentamycin 89%)18,32). While for pipera-
cillin was (42.9%) and for Levofloxacin and Ceftriaxone was (28.6% 
for both) which is lower than that was reported by Leonard et al 
(Pipercillin 84%, Ceftriaxone 89%)32) While Goswami et al found that 
Levofloxacin was of 63.2% susceptibility rate33).

CONS were found to be (100%) susceptible to Vancomycin, 
Gentamycin, Clindamycin, and Cefoxitin with complete resistant to 
Oxacillin while Gheibi et al showed (Vancomycin 90%, Gentamycin 
62%)26).

E.coli were found to be (100%) susceptible to Amikacin and (100%) 
res i s tance to Gentamycin , P iperac i l l in , Levof loxac in ,and 
Ceftriaxone,while Leonard et al showed E.coli (98%) susceptible to 
Amikacin and was susceptible to Garamycin, Piperacillin, and 
Ceftriaxone (89%, 84%,89% respectively)(gorg) while E.coli was suscepti-
ble to Levofloxacin ( 72.4%) as reported by Goswami et al33).

Aerococcus variance had shown response to Vancomycin, 
Gentamycin, and Clindamycin and was resistant to Cefoxitin and 
Oxacillin. While Pseudomonas aeroginosa was found to be sensitive to 
Amikacin, Gentamycin, Piperacillin, Levofloxacin, and Ceftriaxone.

Generally, these variations in antibiotic susceptibility could be 
explained by variability in policies and protocol of treatment and medi-
cation (antibiotic) use in each studied center mentioned above or evolu-
tion of antibiotic specific resistant bacteria is still possible, then after 
efficacy of antibiotic would be affected.

CONCLUSION

Gram-positive bacteria (especially Staphylococcus aureus) were the 
most prevalent as compared to Gram-negative bacteria. 

LONNS was the predominant type and the dominant microorganism 
was Staph. aureus while the predominant microorganisms in EONNS 
were the Klebsiella pneumonia and CONS. Also, there was an increased 
incidence of CONS and decreased the incidence of E. coli.

Susceptibility to antibiotics was of variable degrees depending on 
the type of bacteria and the antibiotics used. The highest effectiveness 
of antibiotics was noticed with Amikacin and Vancomycin. 

Effective control measures to eradicate and limit the spread of noso-
comial infection and active surveillance should be done periodically to 
show which type of bacteria is more implicated as a causative agent for 
septicemia in our hospital and which types of antibiotics that should be 
given as an empirical treatment until culture and sensitivity results 
achieved. We recommend the use of Amikacin and/or Vancomycin as 
initial therapy by focusing on the type of sepsis (whether EONNS or 
LONNS).
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