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  :الخلاصة
فطري في المحالیل  أو/عدم وجود تلوث بكتیري و أوالهدف من هذه الدراسة هو لبیان وجود   

أجریت هذه الدراسة . في المستشفیات العراقیة في بغداد الوریدیة نتیجة الإعطاء الخاطئ لهذه المحالیل
وتم  عبوة محلول وریدي مستعملة سریریاً  113فقد تم جمع  ،2010عام أبخلال شهر أیار إلى شهر 

والثانیة غیر ) مجموعة الاختبار(الأولى المثقوبة في جسم العبوة  :تصنیفها إلى مجموعتین رئیسیتین
عینات عبوات المحالیل : مجموعتین وهي إلىلمجموعة الأولى صنفت ا). مجموعة السیطرة(مثقوبة 

) عبوة 73(الوریدیة التي تحوي إبرة المحقنة وتركت الإبرة خلال إعطاء المحلول لتسهیل سریان السائل 
خلال مزج الدواء في المحلول الوریدي عن  بإبرةوهي المحالیل المثقوبة من أعلاها ) عبوة12(والأخرى 

لمحلول وریدي ) عبوة 28السیطرة (المجموعة الثانیة . مباشرة في جسم العبوة ثم رفعت الإبرةطریق حقنه 
) 76(العینات جمعت من مستشفیات بغداد التعلیمي . سلیمة وغیر مثقوبة بعد انتهاء إعطائها للمرضى

  ). 4(والكاظمیة التعلیمي) 33(وابن النفیس 
اشرة بعد جمعها في وسط زرعي مناسب في مختبر تمت عملیة زرع لقطرات من هذه المحالیل مب  

 الإبرثقوب فیها بواسطة   إحداثالأحیاء المجهریة وأظهرت النتائج أن نسبة التلوث في المحالیل التي تم 
بینما نسبة %) 100(بینما نسبة التلوث في المحالیل المثقوبة ولكن بدون ابر هي %) 79.45(هي 

وتم تسجیل الجراثیم  الثلاثة الأكثر تسببا في التلوث %). 28.57(هي  التلوث في المحالیل غیر المثقوبة
  :للمحالیل الوریدیة وهي

Candida albicans ، Stapylococcus epidermidis ،   Escherichia coli 
Abstract: 

The present study was designed to investigate the suspected bacterial 
and/or fungal contamination in intravenous (IV) fluids due to malpractice of 
administration in Baghdad hospitals. The study was conducted during the period 
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from May to August 2010. One hundred and thirteen intravenous fluid samples 
were collected from different wards in Baghdad teaching hospital, Ibn Al-
Nafees teaching hospital and AL Khadhemia teaching hospital in district of 
Baghdad. These samples were classified into 2 main groups: Group 1 (test 
group), include I.V. fluids with inappropriate position puncture in the bag; and 
group 2 (control), include I.V. fluids free from inappropriate puncture in the bag. 
Then group 1 samples were sub-classified into 2 groups; Group 1A: includes 73 
I.V fluid bags with needle puncture by staff nurses in which the needle was left 
during the use to ease flow; group 1B: includes 12 I.V fluid bags in which a 
puncture was made in the bag during inappropriate I.V admixture and the needle 
was removed; and group 2: 28 I.V fluid bags (control) free from any 
inappropriate puncture. Samples from all I.V fluid bags (113) were cultured 
immediately after collection in a proper media for bacteriological examination. 
Results of cultures showed that a 79.45% contamination was present in I.V fluid 
bags samples from group 1A (n =73), while 100% contamination was reported 
in I.V fluid bags samples from group 1B (n=12) and 28.57% contamination in 
the group 2 (n=28). In the our study, the most common three microbes 
contribute for contamination of infusate are Candida albicans , Stapylococcus  
epidermidis and Escherichia coli.  

In conclusion, the widely followed improper practice for preparing and 
administration of I.V. fluids in some of Baghdad hospitals may predispose to 
fatal bacterial contamination. 
Key word: I.V. fluids, microbial contamination  
 
Introduction: 
 Intravenous administration of fluids, drugs and nutrition is very common 
in hospitals [1]. In modern medical practice, up to 80% of hospitalized patients 
received I.V. therapy at some points during their admission [2]. In the past 
decades, attention has been focused on the contamination of such solutions by 
microorganisms and their cellular by-products, which may result in increased 
patient mortality and morbidity. Gram-negative bacteria such as Klebsiella, 
Pseudomonas, Serratia, Flavobacterium, and several fungi are the principal 
agents associated with contamination of sterile fluids; these organisms have the 
ability not only to survive in sterile fluids but also to grow to densities of 105 
cells per milliliter without visible turbidity [3].  It has been reported that micro-
organisms can gain access to intravenous infusions during administration [4,5]. It 
has been clearly established that microbial contamination can arise from the 
influx of unfiltered air [6], the addition of drugs [7], and by the migration of 
microorganisms through the cannulae of the administration set [8]. Between 
summer 1970 and March 1971, many U.S. hospitals experienced outbreaks of 
intravenous-associated septicemia with Enterobacter cloacae and Enterobacter 
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agglomerans [9,10]. The intrinsic and extrinsic microbial contamination of large-
volume parenterals has been associated with bacteremias in hospitalized 
patients[11], and nosocomial infections associated with the intrinsic and extrinsic 
microbial contamination of large-volume parenterals, such as glucose-containing 
solutions, are well documented [12,13,14,15,16]. Although intrinsic (i. e., from the 
manufacturer) infusate contamination is rare, high rates of extrinsic (i. e., from 
in-use manipulation) contamination are present in hospitals with poor nursing 
standards, which predispose to bacteremia outbreaks [17,18]. The present study 
was designed to evaluate contamination of I.V fluids due to malpractice of 
administration in certain hospitals within Baghdad district area. 

  
Materials and Methods: 
Sample Collection: 
 Samples of I.V fluid bags (113 bags) were collected from different 
hospitals within Baghdad governorate area (Table-1); these I.V fluids were 
administered to the in-patients in these hospitals according to prescribing notes 
and followed the currently adopted technique for administration by the nurse 
staff without intervention by the researchers; all samples were taken before 
removal of the administration set from the patients in an aseptic technique.  
 

Baghdad teaching hospital        76 sample 
Ibn Al-Naphees hospital              33 samples 
Al Kadhemia teaching hospital     4 samples 

Table-1: Distribution of collected I.V fluid bags samples according to the 
hospitals. 

      
 The samples were ranked into 2 main groups as follow: group-1 (test 
group) and group-2 (control group); then the first group subdivided into group-
1-A (n=73) that includes I.V. fluid bags punctured with needle into the body of 
the bag, and the needle was left to ease the flow of fluid (Figure-1), and group-
1-B that includes I.V  bags punctured during inappropriate I.V admixture 
preparation and needles were removed from the body of the I.V fluid bags after 
delivery of drugs into the I.V fluid. The second group (group-2) includes I.V 
fluid bags without producing puncture in the body of the bags. 
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Figure-1: Intravenous fluid bags punctured with needle in the body of the 
bag (group-1-A). 

Materials: 
 Random samples of different brands of intravenous fluids given to the 
patients in selected hospitals in Baghdad city, produced by different 
pharmaceutical companies (Table-2). Most of the samples are 500 ml plastic 
bags except metronidazole for I.V administration, which is plastic 100 ml bottle, 
and human albumin 20% is 100 ml glass bottle. 
Media used and preparation: 
 The media used for the microbiological analysis include, Nutrient Agar, 
Eosin Methylen Blue Agar, MacConkey Agar, Saboraude Dextrose Agar, 
Mannitol Salt Agar, Tryptone Soya Agar and Tryptone Soya Broth. The media 
were prepared according to the manufacturer's instructions. 
Methods: 
Microbiological analysis:    
 All materials and equipments were sterilized before use and aseptic 
techniques were utilized during the study. Each sample of I.V fluid was dropped 
in duplicate tubes of Tryptone soya broth, one of them was incubated at 37oC for 
24 hrs (for detection of bacterial growth), and the second was incubated at 25-
28oC for 7 days (for detection of fungal growth). The tubes were observed on 
daily bases for visible turbidity that indicate microbial growth; any tube with 
visible growth was removed and the contents were subcultured into solid media 
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for differentiation and characterization. All isolates were fully characterized 
biochemically [19]. 
 

Type of IV fluid Composition Manufacturing 
company 

Country of 
origin 

No. of 
samples 

N/S (normal 
saline) 

0.9% NaCl Pharmaceutical 
Solution 
Industry  

Saudia 
Arabia  

31 

ADWIC Pharm 
Division 

Egypt 

D/W Dextrose 
water 

5% glucose  Nile company Egypt 18 
ADWIC Pharm 
Division 

D/S  Dextrose 
saline 

4% G/W + 
0.18% NaCl 

Demo SA 
Pharm. Industry 

Greece 18 

D/S  Dextrose 
saline  

2.5 % G/W + 
0.45%  NaCl 

Pharmaceutical 
Solution 
Industry 

Saudi 
Arabia 

4 

D/S  Dextrose 
saline 

5% G/W + 
0.9% NaCl 

ADWIC Pharm 
Division 

Egypt 1 

Ringer's solution 
(500 ml) 

NaCl 8.6 mg, 
KCl 300 mg, 
CaCl2  322 
mg/ml 

Pharmaceutical 
Solution 
Industry  

Saudi 
Arabia 
 
UAE 

11 

Gulf injection 
LLC 

Metrogyl® bottle Metronidazole 
500mg/100ml 

JB Chemical 
and 
Pharmaceutical 
LTD 

India 26 

Human albumin 
20% 

Human 
albumin 100 
ml bottle 

Biotest GmbH Germany 3 

Mannitol 10% Mannitol 10% 
500ml bottle 

ADWIC Pharm 
Division 

Egypt 1 

Total    113 
 

Table-2: Types and manufacturers of the selected I.V fluid containers 
included in the study. 
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Aerobic plate count: 
 One milliliter of the fluid was inoculated in tryptone soya broth (9.0 ml) 
according to B.P 2004 [20], using a flask shaker and suitable serial dilutions. 
Then, one milliliter sample of each dilution was poured in a sterile Petri dish, 
and then 15 ml of a sterile tryptone soya agar was poured on the sample; the 
plates were gently swirled in a round movement to allow good mixing of the 
agar with the sample, then the plates were allowed to solidify on a leveled 
surface. Triplicate plates for each sample were used and incubated at 35oC-37oC 
for two days. Saboraude dextrose agar was used instead of tryptone soya agar 
for the detection of fungi. The prepared plates were incubated at 25oC for 5 
days; after incubation, the number of colonies was counted by estimating the 
total count of the growing bacteria and fungi then the mean of three plates was 
calculated. A laboratory control count was performed using negative blank 
(without fluid) and with positive control (contaminated fluid). More than two 
colonies on the negative control plate invalidated the test, and colony counts 
exceeding 1000 were considered too high to count and the fluid further diluted. 
Plates with colonies of 30-300 were selected. The microorganism content per 
milliliter is the colony count multiplied by the appropriate dilution factor (10 
or100) 
 
Results:  
 (Table-3) shows that the I.V fluid bags collected from internal medicine 
wards have the highest percent (71.4%) of contamination, followed by 
gynecology (60.0%) and surgery (57.1%) wards respectively. In table-4, normal 
saline demonstrates the highest level of contamination (80.65%) followed by 
D/S, metronidazole, Ringer's and D/W solutions respectively. Stratification of 
data according to allocated groups revealed that 100% contamination was 
reported in group 1B, followed by groups 1A and 2 respectively (Table-5). In 
the present study, the most common three microbes contribute for contamination 
of I.V. fluids are Candida albicans (yeast-like fungus), Stapylococcus 
epidermidis (Gram-positive cocci) and Escherichia coli (Gram-negative rod) 
with incidence of 61.54%, 48.72% and 38.46% respectively (Table-6). The least 
three microbes contribute for I.V. fluid contamination are Gram-negative rods 
bacteria: Serratia marcescens, Enterobacter cloacae, Proteus mirabilis with 
incidence of 1.28%, 5.13% and 6.4% respectively (Table-6). Concerning the 
microorganism count, Mannitol 10% solution shows the highest level of 
bacterial and fungal count among the other types of I.V fluids that are ranked in 
group1A (Table-7). In group 1B, normal saline shows the highest level of both 
bacterial and fungal count (Table-8). Moreover, in bags where no needle 
puncture induced, dextrose water and normal saline demonstrated recognizable 
degree of bacterial and fungal count respectively compared to others (Table-9). 
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Type of 
hospital ward 

Total 
number of  
bags 
screened 

No. and 
percentage of 
contaminated bags 

Internal 
Medicine 70 50 (71.4%) 

Surgery 28 16 (57.1%) 
Gynecology 15 9 (60%) 

 

Table-3: Percentage of contamination in the selected I.V fluid bags 

 
Table-4: Number and percentage of microbial contamination for each type 

of intravenous fluid.  
 

No. (percent) of no 
contamination 

No. (percent) of 
contamination 

Total no. 
of bags 

Group 

14 (20.55%) 58 (79.45%) 73  Group-1-A 

0.0 (0 %) 12 (100%) 12  Group-1-B 

20 (71.43%) 8 (28.57) 28  Group-2 

34 (31.0%) 78 (69.0%) 113  Total number 

 
Table-5: Number and percentage of contaminated I.V. fluid bags for each 

group. 
 
 

I.V. fluid name Total No 
of bags 

No. (percent) 
of 
contaminated 
bags 

No. (percent) 
of no 
contamination 

N/S (0.9%NaCl) 31 25 (80.65%) 6 (19.35%) 
D/W 5% 18 10 (55.56%) 8 (44.44%) 
D/S (3 types) 23 17 (73.91%) 6 (26.09%) 
Ringer's sol. 11 7 (63.64%) 4 (36.36%) 
Metronidazole I.V 
solution 26 18 (69.23%) 8 (30.77) 
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Type of 
microorganism 

0.9% 
NaCl 
n=22 

D/W5% 
n=12 

D/S 
(3types)

n=18 

Ringe
r 

Soluti
on 

n=7 

Metrog
yl©solu

tion 
n=16 

Huma
n 

albumi
n n=2 

Mannit
ol 10%       

n=1 

Total No.        
(%)                  
n=78 

Staphylococcus 
aureus 

3 1 2 -- 2 -- -- 8    (10.26%) 

Staphylococcus 
epidermidis 

13 7 7 3 5 2 1 38                 
(48.72%) 

Bacillus cereus 2 2 2 1 3 -- -- 10                 
(12.82%) 

Escherichia coli 7 5 7 3 8 -- -- 30 (38.46%) 

Klebsiella 
pneumonia 

1 2 2 2 2 1 -- 10              
(12.82%) 

Pseudomonas 
aeuruginosa 

2 1 6 4 5 -- -- 18                  
(23.1%) 

Enterobacter 
cloacae 

1 1 1 1 -- -- -- 4                     
(5.13%) 

Serratia 
marcescens 

-- -- -- -- 1 -- -- 1                        
(1.28%) 

Proteus mirabilis 4 -- 1 -- -- -- -- 5                    
(6.4%) 

Aspergillus spp. 3  2 4 -- -- -- -- 9            
(11.54%) 

Penicillium spp. 4 1 2 -- 1 1 -- 9            
(11.54%) 

Candida 
albicans 

14 8 11 2 12 -- 1 48          
(61.54%) 

 
Table-6: Type of microorganisms isolated in each contaminated I.V. fluid 

bags. 
 
 Microbial count was done to 20 I.V. fluids, those distributed over the 3 
groups as follows: group-1-A n=14, group-1-B n=2, group-2 n=4. The count 
done to samples that cover all brands in the study but not on specific basis. 
Results are shown in the following tables. 
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Type of I.V. fluid 

Bacterial 
count 

(average) 
C.F.U/ml 

Fungal count 
(average) 
C.F.U/ml 

N/S (n=2) 6 ×104 4×103 
D/W 5% (n=2) 3×104 1×103 
D/S (n=2)  7.5×104 1×104 
Ringer's solution (n=2) 4×104 8×102 
Metronidazole solution (n=2) 5.5×104 7×103 

Mannitol 10% (n=1) 1.2×105 2.1×104 
D/S (0.9%NaCl+5%Gw) (n=1) 6.8×104 5×103 
Human albumin 20% (n=2) 7.6× 104 3× 102 

 
Table-7: Microbial count in group-1A (I.V. fluid bags with needle) 

C.F.U (colony forming unit) 
  

Type of I.V fluid Bacterial count 
C.F.U/ml 

Fungal count 
C.F.U/ml 

N/S  8.2×104 2× 103 
D/W 5% 2×104 1.2×103 

 

  
Figure-2: Microbial growth on different agars. 
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Type of I.V fluid 
Bacterial 
count 
C.F.U/ml 

Fungal count 
C.F.U/ml 

N/S  6×103 2×102 
D/W 5% 2×103 1.0×103 
Ringer's solution 0.0 0.0 
Metronidazole 
solution 

0.0 0.0 

Table-9. Microbial count in group 2 (intact I.V fluid bags ) 
 
Discussion: 

Our research deals with a common problem due to malpractice during 
mixing and administration of I.V fluids in Iraqi hospitals rather than in other 
developed countries; therefore, there are no enough data or literatures that deal 
with the subject of contamination in I.V fluids in such way. (Table-3) showed 
that the I.V. fluids collected from internal medicine wards have highest percent 
of contamination; this may be due to high incidence of infections in this ward 
(e.g. respiratory tract infections) in both hospitals, Baghdad and Ibn Al-Naphees. 
(Table-5) showed that group-1-A and group-1-B have contamination levels of 
79.45% and 100 % respectively, this high percent of contamination in both 
groups is thought to be due to induced puncture in the bag body by needle of 
syringes by nursing staff, which leads to contamination due to entry of 
microorganisms from the environment of ward. We suspected that small 
percentage of microbial contamination (28.57%) detected in control group was 
induced during insertion of the administration set [21], inappropriate handling of 
I.V. set by the nursing staff during the change of I.V. fluids, or may be due to 
the use of the same I.V. set for more than 24 hours. (Table-7) showed that group 
1A has highest microbial count for both bacteria and fungi; this may be 
attributed to that the quantitative factor of contamination, where the amount of 
bacteria and/or fungi are high within the area of the needle orifice, which 
facilitate the entry of microbes into I.V. fluid. However, the presence of any 
living microorganism in the I.V. fluids could result in septicemia and/or 
nosocomial blood stream infection regardless of the type or count of these 
contaminating microorganisms. Several reports in the last decade have adduced 
cases of septicaemia due to the use of contaminated I.V fluids or inappropriate 
procedure of administration [22,23,24,25] In a study held in 2010 in Mexico City; 
384 infusates were cultured from 384 patients showed that in all cases, the 
infectious organism was the same as the organism isolated from blood of those 
patients [26]. The incidence of hospital acquired (nosocomial) infections has been 
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estimated by the World Health Organization (WHO) to vary between 3 and 21% 
of hospital admissions. Occurrence of these infections leads to requirement for 
further type of treatment and increased hospital stay, with increased costs and 
nursing time [27]. Nosocomial bloodstream infections are a leading cause of death 
in the United States. If we assume a nosocomial infection rate of 5%, of which 
10% are bloodstream infections, and an attributable mortality rate of 15%, 
bloodstream infections would represent the eighth leading cause of death in the 
United States [28]. In conclusion, contamination in the I.V. fluids in Baghdad 
hospitals was mostly due to extrinsic factors (during clinical use), most probably 
attributed to induction of needle puncture in the body of I.V. fluid bags by 
nursing staff. Accordingly, education of nursing staff and others who practice 
the duty of preparation and administration of I.V fluids should be strongly 
addressed.  
Acknowledgment 
The authors gratefully thank the clinical pharmacists in Baghdad teaching 
hospital for their help in facilitating samples collection. 
 
References: 
1- Tjon, J.A. and Ansani, N.T. (2000). Transdermal nitroglycerin for the 

prevention of intravenous infusion failure due to phlebitis and 
extravasation. Ann Pharmacother. Vol.34:Pp.1188-1192. 

2- Waitt,C. and Pirmohamed, M. (2004) Intravenous therapy. PGD Med 
J.Vol.80:Pp.1-6. 

3- Brown, D.G. and Schatzte, K.C. (1980). Microbial contamination 
associated with hospital fluids. Crit Rev Environ Sci Technol. Vol 9(3):Pp 
279-299. 

4- Deeb, E.N. and Nations, G. A. (1971) Contamination of intravenous fluids 
by bacteria and fungi during preparation and administration. American 
Journal of Hospital Pharmacy.Vol. 28,Pp.764-767. 

5- Duma, R.J.; Warner, J. F. and Dalton, H. P. (1971). Septicemia from 
intravenous infusions. New England Journal of Medicine. Vol.284, Pp.257-
260. 

6- Arnold, T. R. and Hepler, C. D. (1971). Bacterial contamination of 
intravenous fluids opened in unsterile air. American Journal of Hospital 
Pharmacy.Vol. 28, Pp. 614-19. 

7- D'Arcy, P. F. and Woodside, W. (1973) Drug additives -a potential source 
of bacterial contamination of infusion fluids? Lancet ii, P. 96. 

8- Maki, D. G.; Goldman, D. A., and Rhame, F. S. (1973). Infection control in 
intravenous therapy. Annals of Internal  Medicine. Vol. 79:Pp.867-887. 

9- Felts, S. K.; Shaffner,W.; Melly, M. A. and Koenig, M. G. (1972). Sepsis 
due to contaminated intravenous fluids: epidemiologic, clinical and 



AJPS, 2011, Vol. 9, No.1  

 

156 

 

laboratory observation of an outbreak in one hospital. Ann. Int. Med.Vol. 
77:Pp.881-890. 

10- Maki, D. G.; Rhame, F. S.; Goldmann, D. A., and Mandell, G. L. (1973). 
The infection hazard posed by contaminated intravenous infusion fluid. In 
A. C. Sonnenwirth (ed.), Clinical and laboratory aspects of bacteremia-a 
symposium. Charles C Thomas Co.,Springfield, Ill., Pp. 76-91. 

11- Anderson, R.L.; Highsmith , A.K. and Holland, B.W. (1986).  Comparison 
of the Standard Pour Plate Procedure and the ATP and Limulus Amebocyte 
Lysate Procedures for the Detection of Microbial Contamination in 
Intravenous Fluids .Al of clinical microbiology, Mar., Vol. 23, No. 3,Pp. 
465-468 

12- Dixon, R. E. (1976). Intrinsic contamination-the associated infective 
syndromes. In I. Phillips, Meers ,P. D., and D'Arcy ,P. F. (ed.), 
Microbiological hazards of infusion therapy. Publishing Sciences Group, 
Inc., Littleton; Pp. 145-175 

13- Holmes, C. J. and Allwood, M. C. (1979). A review. The microbial 
contamination of intravenous infusions during clinical use. J. Appl. 
Bacteriol.Vol.46: Pp 247-267. 

14- Maki, D. G. (1976).Growth properties of microorganisms in infusion fluids 
and methods of detection. In I. Phillips, Meers ,P. D., and D'Arcy ,P. F. 
(ed.), Microbiological hazards of infusion therapy. Publishing Sciences 
Group, Inc., Littleton ; Pp. 13-47 

15- Maki, D. G.; Rhame, F. S.; Mackel, D. C. and Bennett, J. V. (1976). 
Nationwide epidemic of septicemia caused by contaminated intravenous 
products I. Epidemiologic and clinical features. Am. J. Med.Vol.60:Pp.471-
485.         

16- Tsuji, K.; Steindler, K. A. and Harrison, S. J. (1980). Limulus amoebocyte 
lysate assay for detection and quantitation of endotoxin in a small-volume 
parenteral product. Appl. Environ.Microbiol. Vol.40:Pp.533-538. 

17- Macias-Hernandez, A. E.; Hernandez Ramos, I.; Mun˜oz Barrett, J. M. 
Vargas–Salado, E.; Guerrero–Martı´nez , J. and Medina–Valdovinos, H. et 
al. (1996). Pediatric primary gram-negative nosocomial bacteremia: a 
possible relationship with infusate contamination. Infect Control Hosp 
Epidemiol Vol.17:Pp.276-80. 

18- Maki, D.G. (1994). Infections caused by intravascular devices used for 
infusion therapy: pathogenesis, prevention, and management. In: Bisno AL, 
FA, editors. Infections associated with indwelling medical devices. 2nd ed 
Washington, DC: ASM Press;. Pp. 55-212. 

19- Atata, R. F.; Ibrahim, Y. K. E; Akanbi, A. A.; Abdul, I. F.; Sani, A. and 
Ahmed, R.N. (2007). Microbiological quality of some brands of 



AJPS, 2011, Vol. 9, No.1  

 

157 

 

intravenous fluids produced in Nigeria. African J. Biotech.; Vol.6(19),pp. 
2197-2200 

20- British pharmacopeia. (2004).H.M.S.O, London Appendix XVI BA,B.test 
for microbial Contamination. 

21- Kim, S.M.; Shin, H.S.; Oh; M.D.; Suk, J.S.; Kim EC, Lee, S.E.; Choe, K. 
W. (1996). Report of Intravenous Fluid Contamination Originated from 
Rubber Caps:A Study of Contamination Routes of Intravenous Fluids: 
Korean J Nosocomial Infect Control. Jun.Vol.1(1):Pp.39-48. 

22- Bin-Ibrahim, A. and Ghaznawi, I. (1990). Nosocomial spread of 
K.pneumoniae through contaminated intravenous fluids. Proceeding from 
2nd International Conference of the Hospital infection Society, London. 

23- Robert, L. A.; Collignon, P. J. and Cramp, V. B. (1990). Australian wide 
epidemic of Pseudomonas pickettii, bacteremia due to contaminated sterile 
water for injection. Med. J. Austr. Vol.152:Pp. 652-655. 

24- Lacey, S. and Want, S.V. (1991). Pseudomonas pickettii infections in 
paediatric ancology unit. J. Hosp. infect. Vol.17: Pp.45–51. 

25-  Frean, J.A.; Arntezen, L.; Rosekilly,I. and Isaacson, M. (1994) 
Investigation of contaminated parenteral nutrition fluids associated with an 
out break of Serratia odorifera. Septicaemia. J. Hosp. Infest.; Vol.27: 
Pp.263-273. 

26- Macias,A.E.; Huertas, M.; de Leon, S.P.; Munoz, J.M.; Chavez, A.R.; 
Sifuentes-Osornio, J.; Romero, C. and Bobadilla M. (2010). Contamination 
of intravenous fluids: a continuing cause of hospital bacteremia. Am J 
Infect Control. Apr.Vol.38(3):Pp.217-221.Epub 2009   Dec 23. 

27- Landon, N. (1988). Hospital acquired infection. Inten. Ther. and Clin. 
Monit. Jan/Feb; Pp.18-20.  

28- Wenzel, R.P. and Edmond , M.B . (2001).The Impact of Hospital-Acquired 
bloodstream Infections: Emerging infectious diseases.; vol. 7, No. 2  
Special Issue. 


