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Abstract

Context: Neonatal sepsis is one of the most important causes of morbidity and mortality and C-reactive protein
(CRP) an excellent biomarker has significant diagnostic and prognostic value for the treatment of septicemia
patient.

Objectives: To isolate and identify viable pathogens from blood culture and their antibiogram and to correlate
CRP levels with septicemic child.

Materials and Methods: A total of 273 cases among which 233 were clinically suspected septicemia cases and
40 were healthy controls in age group 0 day to 15 years were selected from United Hospital Ltd., Dhaka
Bangladesh. Blood culture was analyzed by the instrument BACTEC 9120 series. CRP was measured from blood
serum by the auto biochemical analyzer OLYMPUS AU 640 followed by immuno-turbidimetric method. The
organisms were isolated by inoculation on blood agar and MacConkey agar media. Identification of the
organisms was done by colony morphology, gram staining and biochemical tests. Sensitivity of isolates was done
against antimicrobial agents by disc diffusing method.

Results: Blood samples in total 233 cases of suspected septicemia in children were studied between the ages of
0 day to 15 years. Culture proven septicemia 39 (16.74%), probable septicemia 136 (58.37%) and non-
septicemic febrile patients 58 (24.90%) were found. The highest rate of blood culture positivity found among 5-10
yrs. age group (25.64%). Salmonella typhi (41.03%) was the most common infective agent. The rate of blood
culture positivity was significantly higher (p<0.001) among patients without antimicrobial therapy (23.74%) than
those in patients with antimicrobial therapy (6.38%). S. typhi were 75% sensitive to Ceftriaxone while
azithromycin showed high rate resistance (85.71%). E. coli and Klebsiella pneumoniae were highly sensitive
(100%) to imipenem but E. coli resistant (100%) to amikacin, amoxyclavonic acid ciprofloxacin, gentamicin,
Cefepime and netilmicin. Resistant (100%) to gentamicin was observed from K. pneumoniae. Mean CRP values
(mgll) of blood culture proven septicemia group, probable septicemia group, non-septicemic febrile group and
control group were 70.42, 34.05, 3.08 and 0.98 respectively. Both proven septicemia and suspected septicemia
cases showed CRP concentration above the cut-off value (>6 mg/l) and p value significant (p<0.001). Statistically
significant difference (p<0.001) was found when mean CRP level of proven septicemia group, probable
septicemia group and non-septicemic febrile group each compared with control group. CRP concentration were
significantly (p < 0.001) different among three study group.

Conclusion: Most of the gram negative bacteria isolated from blood culture showed resistance to commonly
used antibiotics. The predominant infective isolate was Salmonella typhi. In this study, CRP level is high (cut-off
value 6 mg/l) both in proven and probable septicemia group. CRP may have a good biomarker tools in diagnostic
and prognostic value. Investigation of blood culture should be done before antimicrobial therapy,
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Introduction

Septicemia is a clinical state in which bacteria are present in blood stream and gives rise to serious systemic
symptoms (Murphy 1988). Sepsis among children is a significant health problem and is a leading cause of
death of children worldwide (Watson et al. 2005). Detection of bacteria in blood is critically important because
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septicemia has mortality as high as 50% (Washington and listrup 1986). Early initiation of treatment with
appropriate antimicrobial agents is essential to reduce mortality (Weinstein et al. 1983, Kreger et al. 1980).
Blood culture remains the ideal method for the diagnosis and treatment of patients with suspected septicemia
(Spencer 1988, Pierce and Murray 1986).Microbial invasion of blood stream causes of high rates of morbidity
and mortality (Laupland et al. 2004). Study report from Dhaka Shishu hospital revealed that blood culture
proven septicemia was 35% (Ahmed et al. 2002). A study in Khulna Medical College hospital on neonatal
infection shown septicemia (34.6%) was the commonest major infection (Rasul et al. 2007).

Only few data is available regarding etiology of septicemia of children and their antimicrobial sensitivity
pattern in Bangladesh. So it is of great importance to know the susceptibility profile of the whole range of
likely pathogens in order to select appropriate antibiotics (Esel et al. 2003). Therefore, this study has been
designed to identify the etiological agents of septicemia in children and to determine antimicrobial
susceptibility pattern and to establish correlation for usefulness of CRP as biomarker for the septicemic
children.

Materials and Methods

A total 273 cases among which 233 were clinically suspected septicemia cases and 40 were healthy controls
in age group 0 day to 15 years were selected from United Hospital Ltd. (UHL), Gulshan, Dhaka, Bangladesh.
Blood culture was analyzed by the instrument BACTEC 9120 series. CRP was measured from blood serum
by the auto biochemical analyzer OLYMPUS AU 640 followed by immuno-turbidimetric method.

Microbiological Methods: The organisms were isolated from specimen by inoculation subculture on blood
agar and MacConkey agar media. Identification of the organisms was done by colony morphology, gram
staining and standard biochemical tests. All the isolates were tested for sensitivity against antimicrobial
agents by disc diffusing method of Kirby Bauer et al. (1966). The potency of each batch of disc was
standardized by the reference strain of ATCC Esch. Coli, No 25922 and Pseudomonas aeruginosa No
27853. Zone of inhibition were compared with the standard value and was considered as sensitive (S),
Intermediate sensitive (IS) and resistant (R) according to the NCCLS (1998).

Data processing and analysis:

The daily collected data were checked, verified and edited daily. Data were coded and entered into computer
by using SPSS data entry Il program. Statistical significance was tested with appropriate tests.

The study patients were grouped as follows (age range 0-15 years):

A. According to clinical features, Blood culture result and CRP concentration in blood (Bont et al.
1994).

1. Patients with clinical suspicion of sepsis, positive blood culture and CRP concentration > 6 mg/l were
included in culture proven group.

2. Patients with clinical suspicion of sepsis but without bacteriological confirmation and CRP>6 mg/l  were
included in probable septicemia group.

3. Patients with clinical suspicion of sepsis but without bacteriological confirmation and CRP<6 mg/l were
included in non-septicemia febrile group.

4. The control group comprised age and sex matched children without history of fever or any other
inflammatory and immunological illness for last 3 months.

B. According to antibiotic therapy

1. Patients with anti-microbial therapy: Patients who were receiving antimicrobial agents within 48 hours of
taking blood samples for culture.
2. Patients without anti-microbial therapy
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Results

Among 233 study cases 123 were male and 110 were female. The highest number 71(30.47%) of patients
were 0 day-1 month age group followed by 48(20.60%) from 1 mon.-1 year, 44(18.88%) from 1-5 years of
age group. 5-10 yrs. and 10-15 yrs. age group, there were 40(17.17%) and 30(12.88%) patients respectively
in each group. The highest rate of blood culture positively 10(25%) were found among patients of 5-10 yrs.
age group where lowest rate positivity 5(10.42%) were found between 1 mon.-1 yrs. age group. Blood culture
was positive in 39(16.74%) study cases. Out of 123 male patients, blood culture were positive in 22(17.89%)
and out of 110 female patient’s blood culture were positive in 17 (15.45%) patients. No significant difference
were observed between sex groups (P>0.05). Figure 1 shows Salmonella typhi 16(41.03%) was the most
common predominance isolates followed by S. paratyphi A 7(17.95%). Klebsiella pneumoniae and
Acinetobacter baumannii were same 4(10.26%) whereas Pseudomonas spp. 3(7.69%), Serratia marcescens
2(5.13%). S. aureus 1(2.56%), E. coli 1(2.56%) and Enterococcus spp. 1(2.56%) were isolated.

Both blood culture and CRP were positive in 39 (16.74%) cases, only CRP were positive in 136 (58.37%)
and both blood culture and CRP level were negative in 58 (24.89%) cases. The rate of blood culture positivity
was significantly higher (p <0.001) among patients without antimicrobial therapy (23.74%) than those in
patients with antimicrobial therapy (6.38%).

Table 1. Mean CRP level in blood and mean age among different groups of study cases.

Parameters Study different group P-value
Culture proven | Probable Septicemia Non-septicemic febrile | Control group
Septicemia group

No. of subjects 39 136 58 40

Male/female

1631.8 +1681.04 0.8107,
0.358 b,

Age (days) 2098.23 £1860.09 1093.75 + 1484.79 1011.44 + 1427.67 0.306 ¢

0.98 £0.45 <0.0012,
<0.001",

+ + +
CRP (mg/l) 70.42 +43.25 34.05+18.95 3.08+1.29 <0.001¢

<0.001¢,
<0.001e,

CRP (mgll) 70.42 £43.25 34.05+18.95 3.08+£1.29 <0.001

p-value consider significant at p < 0.05. p- values are from one way ANOVA test.

Data are presented as mean = SD.

ap-value comparison between control and Culture proven septicemia;

b p-value comparison between control and Probable Septicemia;

¢ p-value comparison between control and Non-septicemic febrile group.

d p-value comparison between Culture proven septicemia and Probable Septicemia ;

e p-value comparison between Culture proven septicemia and Non-septicemic febrile group;
fp-value comparison between Probable Septicemia and Non-septicemic febrile group.

Table 1 shows that mean CRP values (mg/l) of blood culture proven septicemia group, probable septicemia
group, non-septicemic febrile group and control group were 70.42, 34.05, 3.08 and 0.98 respectively.
Statistically significant differences (p<0.001) were found when mean CRP level of proven septicemia group,
probable septicemia group and non-septicemic febrile group each compared with control group.
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The average age (mean + SD) of the culture proven septicemia, probable septicemia, non-septicemic febrile
and control groups were 2098.23 + 1860.09, 1093.75 + 1484.79, 1011.44 + 1427.67 and 1631.8 + 1681.04
days respectively. No significant differences (p> 0.05) among study groups were found in respect to age.
CRP concentration were found highly positive association (p< 0.001) when compared among three different
study groups.

Table 2. Blood culture positivity among patients with or without antimicrobial therapy.

Categories of patients No. of patients No. of positive blood culture. | No. of negative blood culture
Without antimicrobial 139 33 (23.74%) 106 (76.26%)

With antimicrobial 94 6 (6.38%) 88 (93.62%)

Total 233 39 (16.74%) 194 (83.26%)

(P<0.001. Significantly higher positivity rate among patients without antimicrobial therapy. p- values are from one way
ANOVA test.)

Table 2 shows out of 233 blood samples cultured, 139 were from patients without antimicrobial therapy and
94 were with antimicrobial therapy. Patients, without antimicrobial therapy, blood culture were positive in 33
(23.74%) and with antimicrobial therapy was positive in 6 (6.38%) patients. The difference was statistically
significant (p<0.001).

Fig.1. Distribution of bacteria isolated from Blood .
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Table 3. Sensitivity pattern of isolated Pathogens against different antimicrobial agents.
ﬁ)nk}iigl] ° ;S)grtiirtri\\lity Name of bacterial isolates
agent
S. typhi S. K. E. coli S. S. aureus Enterococcu | Pseudomonas Acinetobacter
(n=16) paratyphiA | pneumoniae (n=01) marcescen | (n=01) s sp.(n=3) sp. (n=3) baumannii(n=
(n=07) (n=04) s (1=02)
S 1(25.00%) 0(00) 0(00) 0(00) 0(00) 0(00)
AMC IS 1(25.00%) 0(00) 1(50.00%) | 0(00) 0(00) 0(00)
R 2 (50.00%) 1 (100%) 1(50.00%) | 1(100%) 1 (100%) 4 (100%)
S 9 (56.25%) 3 (42.86%)
AMP IS 0(00) 0(00)
R 7 (43.75%) 4(57.14%)
S 3(18.75%) 1 (14.29%)
AZM IS 1 (6.25%) 0(00)
R 12 (75.00%) | 6 (85.71)
S 12 (75%) 5(71.43%) | 1(25.00%) 1 (100%) 0(00) 0(00) 2 (50.00%)
CRO IS 0(00) 0(00) 0(00) 0(00) 1(50.00%) 0(00) 1(25.00%)
R 4 (25%) 2(2857%) | 3(75.00%) 0(00) 1 (50.00%) 3 (100%) 1(25.00%)
S 8 (50.00%) 3 (42.85%)
c IS 0(00) 1 (14.29%)
R 8 (50.00%) 3 (42.86%)
S 7 (43.75%) 3(42.86%) | 0(00) 0(00) 2 (100%) 0(00) 0(00) 0(00) 2 (50.00%)
SXT IS 0(00) 0(00) 1(25.00%) 1 (100%) 0(00) 1 (100%) 1 (100%) 0(00) 1(25.00%)
R 9 (56.25%) 4(57.14%) | 3(75.00%) 0(00) 0(00) 0(00) 0(00) 3 (100%) 1(25.00%)
S 10(62.50%) | 4(57.14%) | 1(25.00%) 0(00) 0(00) 0(00) 0(00) 2 (66.67%) 3(75.00%)
cP IS 2 (12.50%) 0(00) 0(00) 0(00) 1(50.00%) 1(100%) 0(00) 1(33.33%) 0(00)
R 4(25.00%) 3(42.86%) | 3(75.00%) 1(100%) 1(50.00%) | 0(00) 1(100%) 0(00) 1(25.00%)
S 10 (62.50%) | 5(71.43%) | 2 (50.00%) 0(00) 2 (100%) 0(00) 1 (100%) 2 (66.67%) 1(25.00%)
rEp IS 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00)
R 6 (37.50%) 2(2857%) | 2(50.00%) 1 (100%) 0(00) 1 (100%) 0(00) 1(33.33%) 3(75.00%)
S 8 (50.00%) 4(57.14%) | 1(25.00%) 0(00) 0(00) 0(00) 0(00) 0(00)
CFM IS 16.25% 0(00) 0(00) 1 (100%) 0(00) 0(00) 0(00) 0(00)
R 7 (43.75%) 3(42.86%) | 3(75.00%) 0(00) 2 (100%) 1 (100%) 1 (100%) 3 (100%)
S 3(75.00%) 0(00) 1 (50.00%) 3 (100%) 2 (50.00%)
AK IS 0(00) 0(00) 1 (50.00%) 0(00) 0(00)
R 1(25.00%) 1 (100%) 0(00) 0(00) 2 (50.00%)
S 0(00) 0(00) 0(00) 1(33.33%) 1(25.00%)
cN IS 0(00) 0(00) 0(00) 1(33.33%) 0(00)
R 4(100%) 1 (100%) 2 (100%) 1(33.33%) 3(75.00%)
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Table 3. Sensitivity pattern of isolated Pathogens against different antimicrobial agents. (Contd.)

Antimic Sensitivity
robial pattern Name of bacterial isolates
agent
S. typhi S. K. E. coli S. S. aureus Enterococcu Pseudomonas Acinetobacter
(n=16) paratyphi A pneumoniae (n=01) marcescen (n=01) ssp.(n=3) sp. (n=3) baumannii(n=
(n=07) (n=04) s (n=02) 4
S 4(100%) 1 (100%) 2 (100%) 0(00) 3 (75.00%)
PM IS 0(00) 0(00) 0(00) i ) 0(00) 0(00)
R 0(00) 0(00) 0(00) 3 (100%) 1(25.00%)
S 1(25.00%) 0(00) 1(50.00%)
NET IS . i 1(25.00%) 0(00) 0(00)
R 2(50.00%) 1(100%) 1(50.00%)
S 0(00) 0(00)
DO IS 0(00) 0(00)
R 1(100%) 1 (100%)
S 1(100%) 1(100%)
LZD IS 0(00) 0(00)
R 0(00) 0(00)
S 1 (100%)
X IS R _ 0(00)
R 0(00) R
S 0(00) 0(00)
P IS 0(00) 0(00)
R 1(100%) 1(100%)
S 1(100%) 1(100%)
VA IS 0(00) 0(00)
R 0(00) 0(00)
S 0(00) 0(00)
cAZ IS 1(33.33%) 1(25.00%)
R 2(66.67%) 3(75.00%)
S 3 (100%)
1P IS 0(00)
R 0(00)

AMC- Amoxyclavonic acid, AMP- Ampicillin, AZM-Azithromycin, CRO-Ceftriaxone, C-Chloramphenicol, SXT-Cotrimoxazole, CIP- Ciprofloxacin, FEP-
Cefepime, CFM- Cefixime, AK- Amikacin, CN- Gentamicin, IPM- Imipenem, NET- Netilmicin, DO- Doxycycline, LZD- Linezolid, OX- Oxacillin, P- Penicillin,
VA- Vancomycin. TZP-Piperacillin-Tazobactam, CAZ-Ceftazidime, ~ S-Sensitive, IS- Intermediate sensitive, R- Resistant.

Table 3 showed S. typhi were 75% sensitive to ceftriaxone followed by ciprofloxacin and cefepime 62.50%
each. 75% highly resistance was noted to azithromycin. K. pneumoniae were found 100% sensitive to
imipenem, 75% to amikacin and cefepime. On the other hand, 100% resistance against gentamicin. E. coli
were sensitive (100%) to Ceftriaxone and imipenem but were 100% resistant to amikacin, amoxyclavonic
acid ciprofloxacin, gentamicin and Cefepime. S. marcescens were 100% sensitive to cotrimoxazole,
cefepime and imipenem whereas 100% resistant to cefixime and gentamicin. On the other hand,
Pseudomonas spp. were 100% sensitive to amikacin and piperacillin-tazobactam but 100% each resistant to
ceftriaxone, cotrimoxazole, imipenem and cefixime. A. baumannii were 75% sensitive to ciprofloxacin &
imipenem each and resistance 100% against amoxyclavonic acid. S. aureus was 100% sensitive to
lynezolid, oxacillin and vancomycin but 100% resistance were revealed to ampicillin, cefepime, cefixime,
doxycycline and penicillin. Enterococcus sp. 100% resistant to ampicillin, ciprofloxacin, cefixime doxycycline,
and penicillin.
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Discussion

Out of 233 with clinically suspected septicemia cases, 39 (16.74%) yielded bacterial growth. Similarly in
BSMMU, Dewanjee (2000) have reported 26.08% of septicemia among pediatrics age groups. In
Bangladesh, Saha et al., (2001) have isolated aerobic bacteria in 23.5% cases of septicemia in children.
Among blood culture positive cases 22 (17.89%) were male and 17(15.45%) female (P >0.05).

Among 39 isolates, S. typhi was 41.03%, followed by S. paratyphi A (17.95%). K. pneumoniae and A.
baumannii were (10.26%) in each. Next to Pseudomonas spp. (7.69%), S. marcescens (5.13%), S. aureus
(2.56%), E. coli (2.56%), and finally Enterococcus sp. (2.56%) were revealed in our study. Our results are in
agreement with those of Sharma et al. (2006) in Nepal, Cheng et al. (1991) in Hongkong and Blomberg et al.
(2007) in Tanzania. In an earlier study in Bangladesh, Dhaka Medical College, Begum et al. (2007) have
found 22.03% Salmonella spp. in neonates. In Bangladesh, Brooks et al. (2005) also have found S. typhi the
common pathogen (75.4%) isolated from blood culture. Another study in Niegeria, (Abuceju and Capeding,
2001) reported 15.9% isolation rates of Salmonella spp. from blood culture. Septicemia due to Salmonella
spp. was predominant in children of Bangladesh because of living in unhygienic conditions, lack of sanitation
facilities and taking of unhygienic foods and polluted water. In contrast to our findings, in Bangladesh, Ahmed
et al. (2002), from Dhaka Shishu Hospital revealed that the principal organisms were E. coli (30%) followed
by Klebsiella spp., S. aureus, pseudomonas spp., Streptococcus spp. and Acinetobacter spp. Another study
in 1996 from U.S.A. reported the most common blood stream isolates were S. aureus, K. pneumoniae, E.
coli, Coagulase negative Staphylococcus and Pseudomonas spp. These different findings in USA may be
due to striking geographical difference, increased use of invasive procedures, extensive surgery,
intravascular devices and increase in the number of immunocompromized persons.

In our study, 6.38% of patients showed positive blood culture among the patients already on antimicrobial
therapy and 23.74% among the patients without antimicrobial therapy. Blood culture positivity rate was
significantly higher (p<0.001) among the group without antimicrobial therapy. Our result was similar to Murty
et al. (2007) in India who found 8.45% positive blood cultures in antibiotic user group and 38.89% in antibiotic
non-user group.

In this study, 75% isolates of salmonella typhi were susceptible to ceftriaxone while resistance to ampicillin,
cotrimoxazole and chloramphenicol were 43.75%, 56.25% and 50% respectively. Among them 43.75% S.
typhi isolates were multi drug resistant (MDR) but single drug resistant to ampicillin was (43.75%),
cotrimoxazole (56.25%) and chloramphenicol (50.00%). In a study by Chuang et al. 2008 reported 41.2%
MDR S. typhi.

K. pneumoniae isolates in this study were 100% sensitive to imipenem and 75% to amikacin but 100%
resistant to gentamicin, 75% resistant to cotrimoxazole, ciprofloxacin, ceftriaxone and cefixime each. These
findings are almost similar to Dewanjee (2000) at BSMMU, Bangladesh.

Ceftriaxone and imipenem was the most effective (100%) antimicrobial agent against E. coli. However,
isolates were 100% resistant to ciprofloxacin, cefepime, amikacin, gentamicin, and netilmicin. Isolated S.
marcescens were 100% sensitive to imipenem, cotrimoxazole and cefepime but 100% resistant to
gentamicin and cefixime. Pseudomonas sp. was 100% sensitive to amikacin and piperacillin-tazobactam but
100% resistant to ceftriaxone, cefixime, cotrimoxazole and imipenem. Ciprofloxacin and cefepime showed
66.67% sensitivity whereas 66.67% and 33.33% resistance to ceftazidime and gentamicin respectively.
Almost similar sensitivity pattern was reported in Tanzania by Blomberg et al. (2007). On the other hand, A.
baumannii, 75% sensitivity was noticed to ciprofloxacin & imipenem each and 50% to both amikacin and
Cotrimoxazole. Resistance was observed 100% against amoxyclavonic acid whereas ceftazidime, cefepime
and gentamicin showed 75% each.
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Out of 233 suspected septicemia, 175 (75.11%) patients were CRP positive (>6mg/l) and 58 (24.89%)
patients were CRP negative (<6mg/l). Similarly in India, Makhija et al. (2005) found CRP positive in 84.3%
cases of suspected septicemia patients. Culture proven septicemia (both blood culture and CRP positive)
were 39 (16.74%) cases, probable septicemia (only CRP positive) were 136 (58.37%) and non-septicemic
febrile patient (both blood culture and CRP were negative) were 58 (24.89%) cases. Control children were
sampled for baseline CRP levels measurement. Similar categorization was done in India by Bhartiya et al.
(2000) and in France by Messer et al. (1996). In France, Messer et al. (1996) found 15.49% cases of proven
septicemia, 49.29% probable septicemia and 35.21% cases were non-septicemic febrile patient. This is
consistent with our present study.

Mean serum CRP values of blood culture proven septicemia group, probable septicemia group, non-
septicemic febrile group and control group were 70.42 mg/l, 34.05 mg/l, 3.08 mg/l and 0.98 mg/l respectively.
Statistically significant difference (p<0.001) was found when mean CRP level of proven septicemia group,
probable septicemia group and non-septicemic febrile group each compared with control group. None of the
control group showed the concentration of CRP above cut-off level (cut-off value 6 mg/l). On the other hand,
it was found that culture proven septicemia group and probable septicemia group, both showed CRP level
above cut-off value (cut-off value 6 mg/l). CRP concentration were observed highly positive association (p<
0.001) when compared among three different study groups.

We also attempted to find out the average age (mean + SD) of the culture proven septicemia, probable
septicemia, non-septicemic febrile and control groups (2098.23 + 1860.09, 1093.75 + 1484.79, 1011.44 +
1427.67 and 1631.8 + 1681.04 days, respectively). No significant differences were found among the study
groups with respect to age.

Conclusion

Most of the gram negative bacteria isolated from blood culture showed resistance to commonly used
antibiotics. The high rate of antibiotic resistance of isolated organisms might be due to wide spread use of
antibiotics. The most common causative pathogens are Salmonella sp., Klebsiella pneumoniae, Acinetobater
baumannii and Pseudomonas sp. Since in this study CRP level is high (above 6 mg/l) than normal range
both in proven and probable septicemia group, so CRP may have a good biomarker tools in diagnostic and
prognostic value. There is no significance found of CRP levels among age group of study cases. Blood
culture and antimicrobial susceptibility must be done in every cases of suspected septicemia. Before starting
of antimicrobial therapy, blood culture should be done.
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