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Abstract. To investigate the incidence of blood-borne infection and to diagnose the
causative bacteria and antibiotic sensitivity. Materials.10 ml of venous blood from (287)
febrile patients were collected and subjected to bacterial diagnosis and antibiotic sensitivity
test by using Vitek2 tools. Results showed that the incidence of bloodstream infection
(BSI) was (54.49%) and infections were higher in adults and males than children and
females. Ten Gram-negative and six Gram-positive bacterial isolates were recovered from
positive blood cultures. Antibiotic sensitivity testing of the isolates revealed that
vancomycin is the most effective antibiotic against gram-positive isolates while
erythromycin is the weakest one. Furthermore, both of imipenem and meropenem exhibit
the highest activity against gram-negative isolates, whereas piperacillin and
trimethoprim/sulfamethoxazole represent the weakest two. Four Gram-negative isolates
were found to resist all antibiotics (MAR index value = 1). In conclusion: Staphylococcus
aureus and E .coli are still the most prevalent pathogenic bacteria responsible for
bacteremia. Despite the high MAR index values of some isolated species, vancomycin,
imipenem, and meropenem found to be the most effective antibiotics against Gram-
positive isolates and Gram-negative, so it is recommended that these antibiotics could be
used empirically, at least in the case where this study was conducted, before performing
the culture and antibiogram processes.
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1 Introduction

Bloodstream infection (BSI) is the abnormal existence of viable bacteria in the circulating
blood. The terms bacteremia and BSI are used interchangeably and generally referred to the
growth of microorganisms from blood cultures obtained from patients with clinical signs of
infection. But the term septicemia referred to the presence and multiplication of bacteria in the
bloodstream [1]. These infections may arise secondarily to localized infection at a specific body
site or may be classified as primary when no focus is identified. Severe sepsis, septic shock, and
multisystem organ dysfunction related to BSI frequently require admission in ICU for
appropriate management[2].

BSl is globally associated with morbidity and mortality causing 10 —20% of all nosocomial
infections and considered as the seventh cause of mortality in the United States with a rising
incidence due to emerging resistant bacterial strains. Mortality rates vary between10% and 40%,
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and 25%-50% of all bloodstream infections especially in developing countries where the
infection is 3 — 20 times higher than other countries [3]. Multiple antibiotic resistance (MAR)
index calculated as the ratio of a number of antibiotics to which the organism is resistant to the
total number of antibiotics to which it is exposed. MAR index values in bacteria are most
commonly associated with the presence of plasmids that contain one or more antibiotic
resistance genes. MAR index values >0.2 indicate high-risk sources of contamination where
antibiotics are often used [4].

Although BSI stills a major health problem that causing mortality in Iraq, few previous
studies that have focused on this type of infection and no one study was achieved in Amara city,
so, the present study aimed to investigate the incidence of BSI as well as demonstrating the
antibiotic susceptibility patterns of the isolated bacteria, whereas, the detection of bacteria in
the blood is important to establish the presence of infection, assure the clinician about the chosen
therapy, and to provide fresh information about antibiotic sensitivities of the etiologic agent, as
this will guide the clinician in the management of the patient.

2 Materials and Methods
2.1. Sample size:

The current study involved (287) febrile patients (150 males, 137 females) who were
registered in AL-Sader Teaching Hospital in Amara city, during the period (Jan 2017 — Sept
2017). They were placed into two groups (Children aging 1-12 years old and Adult, older than
12 years old).

2.2 Bacteriology:

Under aseptic conditions, 10 ml venous blood samples were collected from all patients then
inoculated in BacT/ALERT culture bottles. All blood bottles were incubated aerobically at 37°C
in the BacT/ALERT system for three consecutive days. During the incubation period, any bot-
tles detected as positive by the BacT/ALERT system were removed, and 3 - 5 drops of the
positive sample blood were inoculated to MacConkey agar and blood agar containing 5% sheep
blood. Isolates were identified with the Vitek 2 AES system (bioMérieux, Marcy I’Etoile,
France) The Vitek 2 AES system was also used for antimicrobial susceptibility testing.
Susceptibility results were interpreted following the European Committee on Antimicrobial
Susceptibility ~ Testing (EUCAST) clinical breakpoints (Version 6.0, 2016.
(http://www.eucast.org).

2.3 Determination of multiple antibiotic resistance (MAR) index

MAR index was determined for each isolate by using the formula MAR = a/b, where (a)
represents the number of antibiotics to which the test isolate resistance and (b) represents the
total number of exposed antibiotics [5].
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2.4 Statistical Analysis

Statistical analyses were done by using the SPSS package software program (Version
20. IBM Corp., Armonk, NY, USA). Descriptive statistics were calculated for all
variables.

3 Results and Discussion

Table (1) showing that BSI percent reached (54.49 %), males were more infected (61.22%)
than females (38.78%). Also, 104 (63.03%) patients were adults, and (36.97%) children.
Previous studies have demonstrated that BSI ranged between (20.9 to 78 %)[6-9]. Moreover,
there is a gender gap found in susceptibility to some infectious agents and in the adaptive
immune response, which has in part a physiological basis in reproductive hormone modulation
of immune defense, bacterial virulence, and cell physiology[10].

Table 1. Incidence of bacteremia according to sex and age.

Parameters No. Percent

Sex Male 101 61.22 %

Female 64 38.78 %

Age Adult 104 63.03 %
Children 61 36.97 %

Total 165 54.49 %

Figure (1) illustrates that 94(32.75%) of the bacterial isolates recovered from blood cultures
were gram-positive while 71(24.74%) were gram-negative, however, 122(42.51%) blood
cultures were negative. No fungal or yeast infections were identified.

® Gram - positive isolates
B Gram - negative isolates

No Growth

Fig. 1. Percentages of BSI caused by bacteria.

There are ten Gram-Negative bacterial isolates (Acinetobacter baumannii, E. coli,
Enterobacter cloacae, Klebsiella pneumoniae, Pantoea agglomerans, Proteus mirabilis,
Pseudomonas aeruginosa, Salmonella enterica subsp. Enterica, Serratia marcescens and
Sphingomonas  paucimablis) and  six  Gram-Positive isolates Staphylococcus



aureus, Staphylococcus hemoluticus, Staphylococcus hominis ssp hominins, Staphylococcus
epidermidis, Streptococcus agalactiae, and Enterococcus faecalis were recovered from blood
cultures.

S. aureus and E. coli were found to be the most common pathogenic bacteria responsible
for BSI with a percentage of isolation reached 40.42% and 26.76% respectively as illustrated in
Figures (2,3). That results indicate that S. aureus, E. coli, and K. pneumoniae are the significant
causes of BSI. Staphylococcus aureus, Streptococcus pneumoniae, and E. coli are the most
commonly isolated pathogens associated with BSI worldwide. The epidemiology of BSI varies
according to geographic location, age, and co-morbid illnesses. As an example, Salmonella
enterica is a frequently isolated pathogen from blood samples in both African and Asian regions
[11,12].
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Fig. 2. Percentages of gram-negative bacterial species isolated from patients.
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Fig. 3 Percentages of gram-positiveve bacterial species isolated from patients.

From the results of antibiotic susceptibility testing that accomplished by using Vitek2 tools,
teicoplanin, vancomycin, and linezolid are the best antibiotics against S. aureus, the same
activity of these antibiotics observed against S. hominis ssp hominis, S. hemoluticus and other



gram-positive isolates table(2). However, all gram-positive isolates exhibited a high rate of
resistance to erythromycin, hence this antibiotic is considered as the weakest one in this study.
These results are appropriate with [13,14] suggesting that later drugs may not be recommended
for treating bacterial BSI. Table (3) shows that tobramycin and ciprofloxacin are the best two
antibiotics against A. baumannii isolates, also, imipenem and meropenem are the best
antibiotics against the isolates of E. coli, K. pneumoniae, P. agglomerans, P. mirabilis, S.
enterica subsp. Enteric and S. marcescens. Moreover, E. cloacae are sensitive to all used
antibiotics, while P. aeruginosa exhibits high sensitivity to both amikacin and minocycline, S.
paucimoblis isolates are also sensitive to minocycline, ceftazidime, and gentamycin.
Nevertheless, (57.89% and 52.89%) of E. coli isolates are resistant to piperacillin and
trimethoprim-sulfamethoxazole (SXT) respectively. Likewise, all of K. pneumoniae isolates are
resistant to piperacillin and ceftazidime, besides, (72.72%) of them and (66.67%) of P.
aeruginosa are resistant to SXT. (75%) of S. enterica subsp. Enterica isolates are resistant to
ciprofloxacin. From the obtained results, it can be deduced that the highest rates of microbial
sensitivity were to vancomycin, imipenem, meropenem, and amikacin, while, most of the
isolates are resistant to erythromycin, tobramycin trimethoprim, and tetracycline.

Sphingomonas paucimoblis isolates exhibit the highest rate of resistance to most of the used
antibiotics, as, they are resistant to piperacillin, cefixime, imipenem, meropenem, gentamycin,
tobramycin, ciprofloxacin, and SXT. Notably, The present study reported that two (20%) of A.
baumannii and two of K. pneumoniae (18.18%) isolates exhibit resistance to all antibiotics
listed in table. 3. It has been estimated that by 2050 resistance will be responsible for 300 million
deaths and drain up to $100 trillion from the world’s gross domestic product [15,16].

Based on our results there is increased emergence of bacterial isolates that are resistant to
piperacillin and trimethoprim-sulfamethoxazole (SXT) in the hospital environment. The
growing resistance of bacterial species presents in the health care environment my consequently
leading to make these antibiotics inactive for treating infectious diseases. We also found that
vancomycin, carbapenems, and amikacin were associated with fewer resistance frequencies.
Therefore, it is important to control the use of these antibiotics in the hospital setting to prevent
the emergence of aminoglycoside- and fluoroquinolone-resistant strains, and to restrict the use
of antimicrobials when these resistant strains are detected.

It is clear that overuse and misuse of antibiotics in addition to unavailability of newer drugs
attributable to exigent regulatory requirements and reduced financial inducements are the main
determinants for the increases in antibiotic resistance in developing countries, like Irag, which
caused variations in the drug resistance profiles of bacterial populations and the emergence of
multiple-drug resistant bacteria (MDR) [17].

Mutations, horizontal gene transfer mechanisms, efflux pumps, biofilm resistance &
quorum sensing, and intrinsic resistance are other proposed mechanisms for the growing crisis
of antibiotics resistance bacteria in both developed and developing countries [18].



Table 2: Antibiotics sensitivity of Gram-Positive isolates

Antibiotics S. aureus S. S. hominis ssp hominis | S. epidermidis E. faecalis S. agalactiae
(38) isolates hemoluticus (26) isolates Two isolates One isolate Two isolates
(25) isolates
%R | %S | %l % | % | % | %R | %S | %l % | % % | % % %Il | % % %
R[S |I R[S Il | R S R S I
Gentamycin 21.05 | 63.15 | 15.78 | 68 | 28 | 4 | 11.53 | 73.07 | 1538 | 0 | 100 | O | 100 | O 0 0 [100]| O
Tobramycin 1578 | 8157 | 263 |44 |36 |20 | 7.69 | 8846 | 384 | 0 | 100 | O 0 [100]| O 0 [100]| O
Levofloxacin | 13.15 | 73.68 | 13.15 | 36 | 40 | 24 | 3.84 | 923 | 384 | 0 | 100 | O | 100 | O 0 0 50 | 50
Moxifloxacin | 5.26 | 86.84 | 789 | 8 | 72|20 | 7.69 | 8846 | 384 | 0 | 100 | O 0 [100]| O 0 [100| O
Erythromycin | 73.68 | 26.32 0 88|12 | 0 | 73.07 | 23.07 | 3.84 |50 | 50 | 0 | 100 | O 0 |100| O 0
Clindamycin | 42.1 | 57.9 0 20| 76 | 4 | 23.07 | 73.07 | 384 | O |100| O 0 [100| O [100| O 0
Linezolid 7.89 | 92.11 0 12188 | 0 0 96.16 | 3.84 | 0 | 100 | O 0 0 [100| O |100| O
Tiecoplanin 526 | 94.74 0 8 |92 | 0 | 384 | 8846 | 769 | 0 | 100 | O 0 [100]| O 0 [100]| O
Vancomycin 263 | 9473 | 263 | 4 {96 | O 0 100 0 0 |100| O 0 [100]| O 0 [100]| O
Tetracycline | 39.47 | 60.53 0 24 | 72 | 4 | 34.16 | 65.38 0 0 |100| O 0 [100]| O 50 | 50 | O
Tigecycline 10.52 | 89.48 0 12|18 | 0| 769 | 8846 | 384 | O | 100 | O 0 [100]| O 50 | 50 | O
Rifampicin 15.78 | 84.22 0 24176 | 0 | 384 | 923 | 384 | O |100| O 0 [100]| O 0 [100]| O
SXT 31.57 | 68.43 0 40 | 60 | O | 15.38 | 84.62 0 0 [100| 0 |100| O 0 0 [100]| O
R: Resistant. S: sensitive. I: intermediate sensitive SXT: trimethoprim/sulfamethoxazole.
Table 3: Antibiotic sensitivity of Gram-Negative isolates
Antibiotics A2 E. E. K. P. P. P. S.. S. S.
(10) (19) (4) (11) 4) ) 9) (4) (%) ®)
isolates isolates isolates isolates isolates isolates isolates isolates isolates isolates
% | % | %R %S |% % | R %S | % | % % % | %R | %S | % | % | % % | %R | %S
R | S R| S R S R S R S R S
Piperacillin 50 50 | 57.89 | 42.11 | 0 | 100 | 100 0 25 75 | 50 | 50 | 4444 | 5556 | 0 | 100 | O | 100 | 100 0
Ceftazidime 50 | 50 | 47.36 | 52.64 | 0 | 100 | 100 0 25 75 | 50 | 50 | 2222 | 7778 | 0 | 100 | 20 | 80 0 100
Cefixime 40 | 60 | 42.11 | 57.89 | O | 100 | 72.72 | 2728 | 0 | 100 | 50 | 50 | 44.44 | 55,56 | 0 | 100 | O | 100 | 66.66 | 33.34
Imipenem 40 | 60 | 21.05 | 7895 | O | 100 | 27.28 | 7272 | 0 | 100 | O | 100 | 33.33 | 66.67 | O | 100 | O | 100 | 66.66 | 33.34
Meropenem 40 | 60 | 21.05 | 7895 | O | 100 | 27.28 | 7272 | 25 | 75 0 | 100 | 3333 | 66.67 | 0 | 100 | O | 100 | 66.66 | 33.34
Amikacin 40 | 60 | 21.05 | 7895 | O | 100 | 36.36 | 63.64 | O | 100 | O | 100 | 22.22 | 77.78 | 50 | 50 | 0 | 100 0 100
Gentamycin 40 | 60 | 47.36 | 52.64 | 0 | 100 | 36.36 | 63.64 | O | 100 | 50 | 50 | 44.44 | 55,56 | 50 | 50 | 40 | 60 | 66.66 | 33.34
Tobramycin 20 | 80 | 47.36 | 52.64 | 0 | 100 | 36.36 | 63.64 | 0 | 100 | 50 | 50 | 33.33 | 66.67 | 50 | 50 | O | 100 | 66.66 | 33.34
Ciprofloxacin | 30 | 70 | 42.11 | 57.89 | 0 | 100 | 36.36 | 63.64 | 0 | 100 | 50 | 50 | 33.33 | 66.67 | 75 | 25 | O | 100 | 66.66 | 33.34
Minocycline 40 | 60 | 31.57 | 68.43 | 0 | 100 | 4545 5556 | 0 | 100 | 50 | 50 | 22.22 | 77.78 | 0 | 100 | 20 | 80 0 100
SXT 40 | 60 | 52.64 | 47.36 | 0 | 100 | 72.72 | 2728 | 0 | 100 | 100 | O | 66.67 | 33.33 | O | 100 | 40 | 60 | 66.66 | 33.34

The results of the MAR index, seen in the table (4), showing that four Gram-Negative
isolates (two of Acinetobacter baumannii and two of Klebsiella pneumoniae) have MAR index
value = 1. Also, the MAR index of E. coli was between (0.0 — 0.9), P. mirabilis (0.0 — 0.7), P.
aeruginosa (0.0 — 0.9),S. enterica sub-Enterica and S. marcescens (0.0 — 0.8) and S.
paucimoblis (0.0 — 0.8). Similarly, the S. aureus isolates exhibit MAR index ranged between
(0.0 - 0.7), while MAR index of other Staphylococci was (0.0 — 0.6), moreover, the value was
(0.0 and 0.0 — 0.3) for both of S. agalactiae and E. faecalis respectively. In the study of
Sandhu et al 2016[5], about 3.2% of Acinetobacter spp. had MAR index of 1.0 and 83 of
isolates (total number = 93) had MAR index equal or greater than 0.2. In addition,



Bhuvanesshwari, 2017[4] also revealed that six isolates of Acinetobacter spp. had MAR index
of one, and 19 out of 45 isolates had MAR index greater than 0.2.

Table 4. MAR index of the bacterial isolates recovered from blood cultures
MAR Index Value

Organism 00 01 02 03 04 05 06 07 08 09 1
N N N N N N N N N N N
E. coli 8 1 1 2 1 0 2 1 2 2 0
A. baumannii 6 1 0 0 0 0 0 1 0 1 2
E. cloacae 4 0 0 0 0 0 0 0 0 0 O
K. pneumoniae 1 0 3 2 2 0 0 0 0 1 2
P. agglomerans 4 0 0 0 0 0 0 0 0 0 O
P. mirabilis 1 0 0 0 0 0 0 1 0 0 O
P. aeruginosa 3 2 1 0 0 0 0 1 0 2 0
S. 1 2 1 0 0 0 0 0 0 0 o0
enterica subsp. Enterica
S. marcescens 3 2 0 0 0 0 0 0 0 0 O
S. paucimoblis 1 0 0 0 0 0 0 1 1 0 O
S. aureus 15 5 6 6 2 1 2 1 0 0 O
S. hemoluticus 5 5 2 6 2 2 3 0 0 0 o0
S. hominis ssp hominis 12 7 4 2 1 0 0 0 0 0 O
S. epidermidis 1 0 0 0 0 0 0 0 0 0 O
S. agalactiae 1 0 0 0 0 0 0 0 0 0 O
E. faecalis 0 1 0 1 0 0 0 0 0 0 O

The MAR index is a good tool for health risk assessment which identifies if isolates
are from a region of high or low antibiotic use. A MAR index w0.2 indicates a ‘high-risk’ source
of contamination. Such an analysis gives an idea of the number of bacteria showing antibiotic
resistance in the risk zone of the susceptibility study[19].

In low resource settings, antibiogram along with MAR index serve an important
epidemiological tool to monitor drug resistance in bacterial species among inpatients as it is
becoming more difficult to treat these pathogens due to the restricted pharmaceutical and
therapeutic armamentarium [20].

4 Conclusion

We found that S. aureus and E. coli are still the classical causative agents of BSI in Amara
city as in other regions. Vancomycin, imipenem, and meropenem are the best antibiotics against
bacterial strains associated with BSI. Therefore, it is important to control the use of these
antibiotics in the hospital setting to prevent the emergence of aminoglycoside- and
fluoroquinolone-resistant strains, and to restrict the use of antimicrobials when these resistant
strains are detected. There is growing resistance to piperacillin and SXT as they are strongly
inactive against bacterial isolates recovered from blood cultures in this study and couldn't be
recommended to BSI therapy. The present study cited the diagnosis of drug-resistant Gram-
negative Acinetobacter baumannii and K. pneumoniae (MAR index value = 1) isolates



recovered from blood cultures suggesting the need for molecular studies to detect the prevalence
of multi-drug resistance gene in hospitals.
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