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Liquid Biopsy- A New Prospect 
 

Ahmed K. Mahdi PhD Molecular Pathology 
 

Dept. of Pathology and Forensic Medicine, College of Medicine, Al-Nahrain University, Baghdad, Iraq  

 
Abstract 
 
Tissue biopsy has been the mainstay in tumor diagnosis for centuries. But due to its invasiveness and the 
heterogeneity of tumors there was a need for an alternative or adjuvant techniques to diagnose and assess tumors. 
Liquid biopsy is emerging as a new technique that will open the way for the diagnosis, tumor characterization, assess 
disease prognosis and individualize treatment options in cancer patients. 

Keywords Biopsy, CTC, ctDNA 

Citation Mahdi AK. Liquid biopsy - A new prospect. Iraqi JMS. 2018; 16(4): 353-356. doi: 
10.22578/IJMS.16.4.1 

 
List of abbreviation: CTCs = Circulating tumor cells, ctDNA = 
Circulating tumor DNA, RBCs = Red blood cells, WBCs = White blood 
cells, EpCAM = Epithelial cell adhesion molecule, CK = Cytokeratin, 
Her2 = Human epidermal growth factor, CD = Cluster of differentiation, 
FDA = American food and drug administration, CFDA = Chinese national 
food and drug administration, SE = Subtraction enrichment, iFISH = 
Immunostaining fluorescence in situ hybridization 

 
arly detection and diagnosis of cancer 
represents a challenge in medical 
practice. Tissue biopsy is the golden 

stone in diagnosing tumors, but it is invasive to 
start with and difficult to obtain more than one 
biopsy along the course of the disease. 
Nowadays, and with the advancement in 
technologies it is considered as part of the 
routine clinical practice to detect (at the 
molecular level) specific drivers and mutations 
in tumors aiming at predicting treatment 
response and emergence of any drug 
resistance. What remains as an obstacle is the 
heterogeneity of tumors whether of the 
primary site or that in the metastases, or even 
at different time points during the progression 
of the disease. Therefore, it might be very 
difficult to assess tumor heterogeneity with 
one biopsy (1,2). Additionally, the emergence of 

tumor resistance to different agents is common 
in clinical practice. Therefore, research teams 
all over the world have been working on 
developing techniques that help in early 
detection and diagnosis of cancer and 
assessing response to treatment and prognosis 
(3). 
Liquid biopsy (which includes circulating tumor 
cells (CTCs) and circulating tumor DNA 
(ctDNA)), gives the option of collecting more 
than one sample non-invasively along the 
course of the disease, which enables tumor 
detection and characterization, predicting and 
assessing the prognosis, response and 
resistance to treatment, and early detection of 
any relapse (3). We will focus on the CTCs and 
its future prospect in cancer in this article. 
 
CTCs detection and enrichment and biological 
properties 
Thomas R. Ashworth, an Australian scientist, 
was the first to discover and describe CTCs in a 
blood sample collected from a patient with 
breast cancer in 1869 (4). CTC is the term used 
to describe tumor cells that detach from the 
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primary tumor and circulate in the peripheral 
blood or lymphatics and grow in the blood, or 
settle and grow in the bone marrow, lymph 
nodes or in any other organ leading to 
secondary tumors (5). These CTCs are exposed 
to very harsh conditions and a very small 
percentage of CTCs (< 0.01%) manage to 
survive these conditions leading to the 
development of metastases (6). The important 
point regarding CTCs is that they can arise at 
any phase of tumor development, and hence 
(theoretically) they can be used as an early 
marker to diagnose the tumor and as a tool to 
monitor disease progression and any relapse 
(3).  
The obstacle that delayed the use of CTCs for 
these purposes despite its discovery since the 
19th century was the scarcity of the CTCs in 
peripheral blood. In the last few decades there 
have been giant leaps in technology that 
enabled researchers to develop techniques 
that helped in improving the separation and 
enrichment of CTCs (3). This can be achieved 
through two main mechanisms: 
 
a) Detection using the physical properties of 
CTCs:  
This method uses physical properties of CTCs to 
separate them from the rest of cells in 
peripheral blood. These physical properties 
include the size of tumor cells to start with 
assuming that they are larger than other cells. 
The CTCs have a size of (~ 17-52 µm) that is 
larger than RBC (~ 6-8 µm) and WBCs (~ 7-15 
µm) (7). Another method that uses physical 
properties is gradient centrifugation. Ficoll 
density gradient (which is a hydrophilic 
polysaccharide with a high mass) separates 
CTCs from the rest of blood cells depending on 
the density difference assuming that tumor 
cells have higher amount of DNA and higher 
density (8). Other physical parameters include 
malleability, migratory capacity and the electric 
charge of the CTCs beside the size and density. 
Counting on physical properties alone to 
separate and enrich CTCs falls short due to the 
huge variability among tumor cells in regard to 

their physical properties and this leads to the 
false detection of blood cells as CTCs. 
Therefore, this technique might have a high 
percentage of false-positive results (3).  
 
b) Detection using the biological properties of 
CTCs: 
This method exploits the biological properties 
of the CTCs and is based on taking advantage of 
surface markers of CTCs to detect them in an 
antibody-antigen binding pattern. A panel of 
markers can be used such as epithelial cell 
adhesion molecule (EpCAM), cytokeratin family 
members (CK 8, 18 and 19), human epidermal 
growth factor (Her2), N-cadherin and vimentin. 
This biological detection method is called 
immune capture method (9-11). In principle, 
magnetic beads are covered by specific 
antibody to the target of interest and then 
these beads are mixed with the blood sample 
to allow the binding of the antibodies to their 
target antigens that are located on the 
targeted cells. Afterwards the blood sample is 
passed through a magnetic field that leads to 
isolation of targeted cells (or exclusion of the 
unwanted cells in certain cases) that are bound 
to the beads and pulled to the periphery of the 
tube under the effect of magnetic field 
enriching targeted cells. So we end up with the 
following pattern “Targeted cell-surface 
antigen-the specific antibody-magnetic beads”. 
Immune capture can be achieved through 
positive and negative enrichment. Positive 
enrichment method uses metallic beads that 
are bound to antibodies targeting specific CTCs 
surface antigen (12).  
Cell SearchTM System (CSS:Verdix LLC, NJ, USA) 
uses this positive enrichment method and it is 
the only approved system in the world for the 
detection of CTCs in malignant tumors by both 
the American Food and Drug Administration 
(FDA) and the Chinese National Food and Drug 
Administration (CFDA). This system uses 
EpCAM coated beads to isolate CTCs and 
thereafter further steps use other antibodies 
(CK 8 and 18 for epithelial cells, CD45 for WBCs 
and DAPI as a nuclear stain) to exclude 
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leukocytes and confirms the diagnosis (3,12,13). 
Similar to all systems, this system has pros and 
cons. The pros are that it requires small 
amount of blood (7.5 ml only), and the results 
were considered reproducible, specific and 
sensitive. The cons are due to the reliance of 
the system on EpCAM for the detection of 
CTCs, then those cells that undergo epithelial-
mesenchymal transition and lost their EpCAM 
will not be detected. Also EpCAM expression 
varies considerably in solid tumors due to 
tumor heterogeneity rendering some CTCs 
undetectable (14). Additionally, antibody binding 
to CTCs leads to activation of some pathways 
and intracellular instability which affects 
further protein, genomic and molecular 
analyses of the CTCs. All those drawbacks lead 
researchers to develop negative enrichment 
method to overcome them. The negative 
enrichment system uses hypotonic lysis of RBCs 
in addition to removal of WBCs through anti-
CD45 antibodies to isolate CTCs. Subtraction 
enrichment (SE) is another way that has been 
developed. It differs from usual negative 
enrichment but falls under the same umbrella 
and it uses non-hypotonic lysis method to 
remove the RBCs and relies on the use of 
multiple anti-WBCs antibodies (conjugated to 
beads) to remove the WBCs and allows non-
disruptive detection of CTCs. To further 
improve the sensitivity of detecting CTCs with 
minimal disruption, the Cytelligen system was 
developed. It combines subtraction enrichment 
with immunostaining fluorescence in situ 
hybridization (iFISH) and has proven efficient in 
detecting CTCs from different tumors. Special 
probes detecting the centromere in 
chromosome 8 is one of the probes used in 
iFISH to help in the detection of CTCs taking in 
consideration that the large number of cancer 
cells have heteroploid chromosome 8. Side by 
side with other immunostaining the isolation 
and detection of CTCs becomes easier and 
much more clear (13,15). 
The detection of CTCs is improving and 
developing and it is one of the hot topics that 
came under focus in the last decade. 

Researchers worldwide are still working on 
developing new and improving existing 
techniques for the detection and enrichment of 
CTCs. Cell Search system has been approved by 
FDA for the detection of CTCs in breast cancer, 
colorectal and prostate cancer (16). Despite the 
large number of studies in the field of CTCs, 
they are still in the beginning of a long path 
before they become routine tests. One major 
obstacle is the high cost of the available 
techniques. Another drawback is the variability 
in the sensitivity of the detection capability 
among different techniques and studies. 
Analysis of CTCs detection in bladder cancer 
showed that the detection of CTCs in the 
peripheral blood in patients with lymph nodes 
metastases fell in the range of (29.1-91%). 
While it was higher in those with distant 
metastases (33-100%), and therefore the 
prognostic role of CTCs cannot be denied and 
opens the way for a larger role in the future (16). 
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Abstract 
 
Background Phage therapy is a potential alternative treatment for infections caused by many bacterial species 

such as Acinetobacter baumannii (A. baumannii), a significant nosocomial pathogen, has evolved 
resistance to almost all conventional antimicrobial drugs in poor hygiene and conflicts areas like 
Iraq. 

Objective Isolate and apply bacteriophages as alternative therapeutic agents against extensively drug-
resistant (XDR) and pan-drug-resistant A. baumannii and evaluation extracted native endolysin 
activity. 

Methods Twenty-three bacterial samples were collected in Al-Imamein Al-kadhimein Medical City hospital. 
Phages were isolated from different regions in Baghdad city including (soil, sewage, irrigation 
channels). Native endolysin was extracted from highly lytic phage that produced halo-like 
appearance around inhibition zone. 

Results Out of 50 isolates, 23 isolates (46%) of XDR, pan-drug resistant (PDR) A. baumanii have been 
isolated from patients with various infections. 136 lytic phages specific to A. baumanii were 
isolated. Each bacterial isolate was sensitive to at least one lytic phage. Phage cocktails were 
formulated and were shown remarkably minimize the bacterial resistance to individual lytic phages. 
In addition, the endolysin native activity of lytic phages specific to A. baumanii evaluated in this 
study revealed a potent antibacterial activity (> 1 log) reduction of bacterial density in just one hour 
of endolysin treatment.   

Conclusion Phage therapy assessed in this study was shown ability to efficiently solve the problems of 
“superbug” bacteria by lysing effectively most XDR, PDR bacteria in vitro. And, phage cocktails were 
shown to be superior over single-phage preparations in treating A. baumanii with much less 
resistance rate to therapeutic phages. Furthermore, intrinsic activity of native endolysin revealed 
promising results to tackling superbug pathogens. 

Keywords Phage, Phage cocktails, Acinetobacter, native endolysin, extensively drug-resistant (XDR), and pan-
drug resistant (PDR) 

Citation Jasim HN, Abdul-Ameer AS. Phage cocktails against highly multi-drug resistant Acinetobacter 
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List of abbreviations: A. baumanii = Acenitobacter baumanii 
CLSI = Clinical and Laboratory Standards Institute, MDR = Multiple drug 
resistant bacteria, PDR = Pan drug resistant bacteria XDR = Extensive 
drug resistant bacteria  
 

Introduction 
ntibiotic resistance is an emerging 
global health disaster, resulting from 
the constant use (and misuse) of 

antibiotics in healthcare (1,2). Acinetobacter 

baumannii (A. baumannii) is a Gram-negative, 
capsulated, opportunistic pathogen that is 
effortlessly spread in hospital intensive care 
units (ICU) (3). Most of A. baumannii clinical 
isolates are multi-drug resistant (MDR), 
extensively drug-resistant (XDR), and pan-drug 
resistant (PDR) bacteria, which greatly restricts 
the available treatment choices (4). To prevent 
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returning to the dark “post antibiotics” era, 
there is an urgent need for new therapeutic 
agents against the MDR, XDR, PDR pathogens. 
To fight these bacteria, the scientists suggest a 
number of new therapeutics alternatives or 
complements to antibiotics against the 
“superbug” pathogens, of which A. baumannii. 
Interestingly, bacteriophage, or phage, therapy 
has been placed at the top of table presenting 
a possible alternative mean to tackle refractory 
bacterial infections (5).  
Phage therapy refers to the utilization of 
phages to treat bacterial diseases (6). Phages 
are very abundant in nature (7) and every 
bacterium is likely to have their own specific 
viruses that could be utilized as antibacterial 
agents (8-10). The host range of a given phage is 
often very specific to the sub-species level, 
which may confer an advantage over 
antibiotics if infectious bacteria can be targeted 
without damaging commensal members of the 
host microbial community. 
The formulation of phage cocktail could save 
lives of uncountable patients suffering from 
serious and devastating A. baumanii infections 
resistant to the conventional antibiotics. This 
highlights the importance of using phage 
cocktails especially in a country like Iraq where 
A. baumanii flourishes in poor hygiene and 
areas of conflicts (11). 
The current study aims at testing the efficacy of 
phage therapy, via using a single phage and a 
phage cocktail, to treat infections with MDR A. 
baumanii bacteria in vitro and to extract and 
determine intrinsic activity of native endolysin. 
 
Methods 
Specimen collection and identification 
Fifty samples of bacteria were collected in Al-
Imamein Al-kadhimein Medical City Hospital in 
Alkademiya, Baghdad. Bacterial sampling was 
carried out during the period from September 
2016 to November 2016. A total of twenty-
three (23) different A. baumanii isolates (11 
XDR, 12 PDR), belonging to hospitalized 
patients with various infections including 
septicemia, skin infection, severe urinary tract 

infection, pneumonia, and meningitis, were 
obtained from the Central Laboratory of the 
hospital. At the same day, samples were 
transferred to the laboratory of the Medical 
Microbiology Department in the College of 
Medicine, Al-Nahrain University to for 
cultivated bacteria by using nutrient, 
MacConkey agar and blood agar then incubate 
at 37 °C for 18-24 h. Next day, all bacterial 
isolates were subjected to a full set of diagnosis 
including Gram staining, culture, and bio-
chemical tests including Oxidase test, Catalase 
test, Kligler iron agar (KIA), Indole production 
test, Motility test, Urease production test, 
Citrate utilization test, Lactose fermentation 
test, and growth at 44 °C test (12). Furthermore, 
the results of the identification of A. baumanii 
were confirmed by API 20E system. 
 
Antibiotic susceptibility test 
Antibiotic susceptibility test was carried out on 
A. baumanii isolates using Kirby-Bauer method 
(13). Seventeen types of antibiotic disks were 
used as following Imipenem (10 𝜇g), 
Ciprofloxacin (5 𝜇g), Colistin (10 𝜇g), Tigacyclin 
(15 𝜇g), Gentamicin (10 𝜇g), Cefotaxime (30 
μg), Ceftazidime (30 𝜇g), Ceftriaxone (30 𝜇g), 
Trimethoprim/sulphamethaxazole (10 𝜇g), 
Cefepime (30 μg), Levofloxacin (10 𝜇g), 
Piperacillin (100 μg), Tobramycin (10 μg), 
Amikacin (30 μg), Meropenem (10 μg), 
Aztreonam (30 μg) and Amoxicillin-clavulanic 
acid (20 μg). A 0.5 McFarland standards of 
bacteria was used and inoculated and spread 
by a sterile swab on Muller-Hinton agar 
Medium. Antibiotic discs were then placed on 
inoculated agar plates by forceps. The plates 
were left in incubator upside down at 37 °C for 
18-24 h.  
At Subsequent day, plates were carefully 
examined for any inhibition zones along with 
measuring their diameter in millimeters (mm) 
using a metric ruler. Then, classified as 
sensitive, intermediate, or resistant, according 
to the standardized table supplied by Clinical 
and Laboratory Standards Institute (CLSI) 
guidelines (14). Furthermore, the results of 
antibiotics susceptibility test were confirmed 
by VITEK 2 System.  
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Bacteriophage sampling, isolation 
Different crude samples for phage isolation 
were obtained from different regions in 
Baghdad city including sewage, farm soil, feces 
of sheep, chicken litter, and swab from surgical 
lounge in Al-Imamein Al-kadhimein Medical 
City Hospital during the period from January 
2017 to April 2017. Overnight bacterial broth 
(100 μl) was mixed with 2-3 ml of crude 
samples, which were derived from sewage, 
cattle feces, chicken litter that might contain 
Acinetobacter-specific phages. Then, 2-3 ml, 
equal volume, of nutrient broth and 2ml of 
Lambda buffer were added to the mixture as 
well. Then, the mixture was incubated 
overnight at 37 °C with continuous shaking. 
Next day, supernatant was taken and 1:10 v/v 
chloroform was added with gentle shaking for 
5-7 min at room temperature to lyse the 
remaining bacteria. Then, centrifugation at 
1000 g for 3 min was carried out to produce 
primary phage suspension. Subsequently, one 
ml of overnight bacterial broth was poured 
onto nutrient agar plate and spread by sterile 
swab in order to make bacterial lawn. After 10-
20 min, the lawn should have been dried. Ten 
(10) μl of primary phage suspension were 
spotted onto the surface of the bacterial lawn 
and were allowed to dry before incubating at 
37 °C for 18-24 h in inverted state. On the next 
day, if zone of lysis was developed at the spot 
of the primary phage suspension, a lytic and 
specific phage for the target bacteria was 
identified and picked up the inhibition zone by 
sterile loop and put into 1 ml of Lambda buffer 
in 1.5 ml sterile Eppendorf tubes, then 1:10 v/v 
chloroform was added to the lysate with gentle 
shaking for 5-7 min at room temperature, then, 
centrifuged at 1000 g for 3 min and bacterial 
cell debris were pelleted, and the supernatant 
containing phages was transferred to 1.5 ml 
sterile Eppendorf tubes and stored at 4 °C for 
one month. The supernatant was called 
transient phage stock suspension (15). 
 
Optimization and characterization of isolated 
phages  
Plaque characteristics were determined using 
top layer plaque assay and according to the 

following parameters: a) Diameter (mm) of the 
plaque. b) Shape of the plaque. c) Depth of the 
plaque. d) Margin cut. e) Clarity or turbidity of 
the plaque. Accordingly, the clearest and 
largest plaques were selected; moreover, small 
or turbid plaques were subjected to 
optimization by conducting serial passage in 
top layer plaque assays; at each run, the best 
of the best plaques, in terms of the above-
mentioned parameters, were selected in order 
to acquire better virulence characteristics of 
the isolated lytic phages. It is noteworthy to 
mention that not all turbid and small plaques 
were optimized. This depends on the potential 
of the phage to enhance its virulence 
characteristics (15). In this approach, burst size, 
burst time, and infection percentage are 
determined according to (15). One hundred 
(100) μl of 106 PFU/ml of phage were added to 
100 μl of 104 CFU/ml of target bacterial broth 
culture at MOI equal to 100. This mixture was 
dispensed into a sterile 1.5 ml Eppendorf tube 
and then incubated at 37 °C for 5-10 min to 
allow the phage to enter into bacterial host 
(phage contact time). Then, the mixture of 
phage-bacteria was centrifuged at room 
temperature at 1000 g for 3 min. Subsequently, 
the pellet was re-suspended in one ml of 
nutrient broth (this step was repeated 3 times). 
The aim of this step is to remove all of the 
extracellular phages and to neglect the 
supernatant and keep only the bacterial cells 
infected with specific phages. Afterwards, the 
re-suspended tube was ten-fold serially diluted 
(10-1-10--2) by adding 100 μl of the suspension 
to 900 μl of nutrient broth. Ten μl from each 
dilution were spotted on target bacterial lawn 
at timely intervals; 20, 25, 30, 35, 40, and 45 
min, then, let the plate get wet and incubated 
overnight at 37 °C. Next day, the plaques were 
counted to calculate the infection percentage, 
burst time, and burst size (15) as follows:  
Infective percentage (IP %): refer to the 
percentage of specific lytic phages that invade 
the target bacteria. This percentage was 
calculated by dividing the number of plaques 
during the pre-burst time over the number of 
bacteria used in the assay. Burst time (BT): 
refer to the time required by the infecting 
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phages to burst and exist from bacterial cells. 
So, BT is the period before a sharp rise was 
detected in the number of the progeny phage 
particles for the certain dilution. Burst size (BS): 
refer to the number of the new progenies of 
phage per one cell of target bacteria. BS was 
calculated by dividing the number of plaques 
post- burst time over the number of plaques 
pre-burst time (15). 
 
Testing of bacterial resistance rate of A. 
baumanii to infecting bacteriophages 
The resistance rate of bacteria to infecting 
phages was measured. A piece from the same 
bacterial lawn of the target bacteria that is 
equal in diameter to phage lysis spot was cut 
by a sterile loop and put in 1.5 ml sterile 
Eppendorf tube containing one ml of normal 
saline. This approach is to obtain the same 
number of bacteria that was present in the 
phage spot lysis zone. Then, the tube was 
subjected to periodic shaking for 5 min. Then, 
tubes were centrifuged at 1000 g for 3 min at 
room temperature. Afterwards, the 
supernatant was removed and the precipitate 
was re-suspended in one ml of normal saline 
(15).  
Ten-fold serial dilutions of the resulting 
bacterial suspension (10-1-10-5) were made. 
Then, 10 μl drop of the bacterial suspension 
was spotted on a nutrient agar plate inclined 
45 degrees in one direction in order to spread 
the drop to one direction forming lines at 
which counting of bacterial colonies becomes 
much easier. The plates were incubated at 37 
°C for 24 h. The bacterial resistance rate was 
calculated as the following (15):  
Resistance rate = Number of resistant colonies 
per phage lysis spot / number of bacterial 
colonies formed from the same size cut of 
bacterial lawn. 
 
Determination of the coverage rate of 
bacteriophage cocktails to A. baumanii  
In this approach, after mixed numerous phages 
in one suspension, randomly sampled 10 A. 
baumanii isolates were collected from patients 
in Al-Imamein Al-kadhimein Medical City 
Hospital. Ten (10) μl of bacteriophage cocktails 

suspension were spotted on to the surface of 
the overnight bacterial lawn and were allowed 
to dry before incubating at 37 °C for 24 h. On 
the next day, if a zone of lysis was developed at 
the spot where the phages suspension was 
applied, a susceptible bacterial isolate to phage 
cocktail was found. Then, the coverage rate of 
the formed bacteriophage cocktails was 
measured using this formula:  
Coverage rate = (number of bacteria lysed by 
cocktails / total number of bacteria) x 100%. 
 
The assessment of the activity of phage 
Endolysin on A.r baumanii bacteria  
Extraction of Endolysin  
About 100 ml of broth of A. baumanii bacteria 
were incubated for 18-24 h at 37 °C. Next day, 
250 ml of broth medium were added to the 
bacterial broth and incubated for another 3 
hours at titer 1×109 CFU/ml. Up to 10 ml of 
phage at titer 1×1011 PFU/ml (1:100 MOI) were 
mixed with bacteria for 20 minutes and then 
put them directly in ice. Centrifugation at 
10,000 g for 20 minutes and take the sediment. 
The sediment was suspended in 10 ml of 0.05 
M phosphate buffer + 5 mg deoxyribonuclease 
and incubated for 60min at 37 °C. And 0.005 M 
EDTA was added and centrifugation at 10,000 g 
for 1 h and then the supernatant was taken. 
Disodium tetrathionate (0.3 M) was added and 
mixed for one hour at 4ºC. Ammonium sulfate 
was added to 85% saturation and incubated for 
18-24 h at 4 °C. Next day, centrifugation at 
10,000g for 1h and resuspended in 5 ml of 0.05 
M phosphate buffer saline (PH 7.5). Dialysis 
against 200ml of the buffer at 4 °C was 
conducted. The resultant solution was added 
to column chromatography sephadex G.100 in 
0.1 M phosphate buffer saline PH 7.5, in 18×0.5 
cm column. Each one ml of the resultant 
filtrate was collected in Eppendorf tubes. From 
each Eppendorf tube, 10 μl of the filtrate were 
dropped by automatic pipette onto A. 
baumanii bacterial lawns of the specific 
bacteria to see which Eppendorf tube contains 
the lytic and native activity of endolysin.  
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Measurement of the native activity of 
Endolysin on A. baumanii bacteria  
Upon using sephadex G100 chromatography, 
the used phage (AB3P5) gave 10 Eppendorf 
tubes of one ml eluted fluid; in case endolysin 
was extracted, at least one of these tubes must 
show a lytic activity against the corresponding 
A. baumanii isolate. The endolysin activity was 
first checked by lysis on bacterial lawn and 
second by decreasing the optical density of the 
bacterial broth when measured by a 
spectrophotometer. A. baumanii broth was 
composed of bacterial cells growing at mid-log 
phase (OD600 = 0.6) and were centrifuged 
(4000 g, 30 min, 4 °C) and then re-suspended in 
a phosphate-buffered saline (PBS) at PH (7.5). 
After assigning the tube that showed lysis in 
the bacterial lawn assay, 30 μl of this 
supposed-to-be endolysin-containing elute 
were added to 270 μl of the prepared bacterial 
broth at room temperature. Then, the optical 
density was measured spectrophotometrically 
every ten minutes for 1 h at 600 nm (16). 
 
Results 
Characteristics of the isolates of A. baumanii  
The characteristic features of the bacterial 
isolates used were the site of infection, 
patient’s sex, patient’s age, and the disease or 
lesion from which bacterial isolates were 
taken. As shown in table 1, the patients were 
infected with virulent bacteria causing serious 
and life-threatening diseases including urinary 
tract infection, septicemia, wound infection, 
pneumonia, and meningitis. A total of 23 A. 
baumanii isolates were collected. The 
specimens from which A. baumanii were 
isolated are as follows: blood 7/23 (30.4%), 
urine 2/23 (9%), wound swab 7/23 (30.4%), 
diabetic foot 3/23 (13%), sputum 2/23 (9%), 
and C.S.F 2/23 (9%). The diseases from which 
A. baumanii bacteria were isolated wound 
infection 10/23 (43.4%), urinary tract infection 
2/23 (9%), septicemia 9/23 (39.1%), 
pneumonia 2/23 (9%), and meningitis 2/23 
(9%) (Tables 1 & 2). Hence, the most prevalent 
disease related to A. baumanii was wound 
infection followed by septicemia. The age of 

patients ranged from 1 day to 70 years and 
male to female ratio was 2.3:1.  
All bacterial isolates appeared as Gram-
negative coccobacilli and occasionally arranged 
in diplococci. All of the isolates were tested for 
biochemical tests and A. baumanii showed 
negative results for oxidase, motility, indole 
production and urease production tests, and 
positive results to catalase and citrate 
utilization tests; Kligler iron agar test 
developed an alkaline slant, no change at 
bottom, H2S negative without gas production. 
Also, when A. baumanii isolates were cultured 
on MacConkey agar, they appeared as small, 
pale and lactose non-fermenter colonies, while 
on blood agar they appeared as opaque, 
creamy and non-hemolytic colonies. Growth at 
44ºC was positive for all A. baumanii isolates 
which showed the ability to grow at this 
temperature degree. This test was used to 
distinguish A. baumanii (which was able to 
grow at this temperature) from other 
Acinetobacter species which are unable to 
grow at this temperature degree. 
 
Antibiotic sensitivity test 
The results showed that different A. baumanii 
isolates had different antibiotic sensitivity 
profiles; of 23 isolates included in the current 
study, 11 were XDR and 12 were PDR. As 
shown in Figure 1. 
 
The characteristic features of the isolated and 
optimized phages  
The characteristics of plaque assay of the 
isolated phages showed that plaques clarity 
(clear, semi-clear, turbid, semi-turbid), plaques 
size was varied and ranged between 0.5 mm to 
6.5 mm, margin cut (regular and irregular), and 
plaques shape (oval and circular).  
One hundred and thirty-six (136) phages 
specific for 23 A. baumanii bacteria were 
isolated. The specimens were obtained mainly 
from sewage and also from irrigation channels, 
then from waste water, soil, feces of sheep, 
chicken litter and swab from lounge. However, 
most of the isolated phages were highly lytic 
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and produced obvious inhibition zone on target 
A. baumanii bacteria where plaque size was 
higher than 3mm with full clarity of plaques; 
therefore, further optimization was not needed 
save for 25 phages which required further 
optimization in order to increase their lytic 
characteristics, (Table 1). The titer of the 
specific lytic phages isolated and optimized to 
the bacterial isolates were amplified and 
measured by using top layer plaque assay. 
Most phages reached high titers ranging 
between 108-1011 PFU/ml using top layer 
plaque assay. The optimized specific and lytic 
phages were shown to be able to completely 
lyse the bacterial host in whatever manner of 
application of phages as demonstrated in 
figures 2 and 3. 
 
The characteristics of the isolated and 
optimized phages in terms of biokinetic assay  
In the current study, 10 bacteriophages to 
different bacterial isolates were randomly 
selected to give representative values of 
biokinetic characteristics. The results in this 
study showed that the average burst time (BT) 
was 73.5 min ranging between 30 to 45 min. 
The maximum burst size (BS) of the randomly 
selected phages to A. baumanii was 245 
progenies, while the minimum BS was 130 
progenies and the average BS was 187.5 
progeny. The average infective percentage (IP 
%) was 85.45% ranging between 74.4% and 
94.5%, as shown in table (3). 
 
Formation of phage cocktail to Acinetobacter 
baumanii  
A phage cocktail was formed by mixing 64 
phages specific for 23 A. baumanii isolates 
(AB1-AB23). One hundred, 100 μl of 106 
PFU/ml of each phage were collected in one 
tube to form a bacteriophage stock containing 
a wide range of isolated phages. All bacterial 

isolate, except AB2 and AB8, were targeted by 
more than one phage; the most targeted 
isolate was AB3 where 6 different phages 
shared the same specificity towards this 
isolate. 
 
Bacterial resistance to a single phage versus 
phage cocktail  
Up to 18/23 (78.3%) of A. baumanii bacteria 
were completely sensitive to the applied lytic 
phages with zero resistant bacterial colonies. 
So, only 5 out of 23 isolates (21.7%) of A. 
baumanii were shown to develop some level of 
resistant colonies in the inhibition zone at the 
spot of lytic phage application. On other hand, 
the formed phage cocktail was shown to 
remarkably minimize the number of the 
resistant bacterial colonies appeared to 
individual phages. The results revealed that 
once A. baumanii isolate develops resistance to 
one member of phage cocktails, the bacterial 
isolate was still sensitive and lysed by other 
phage members in the cocktails as shown in 
figure 4. 
 
The coverage rate of the formed phage 
cocktail to A. baumanii bacteria  
Ten (10) A. baumanii isolates were collected 
from patients resided in Al-Imamein Al-
kadhimein Medical City Hospital. The collected 
specimens were not biased towards particular 
disease, site of infection, or patients' age or 
sex. Full sets of identification were performed, 
then the results of identification of A. baumanii 
confirmed by API 20E system. 
The formed phage cocktail was able to form a 
clear inhibition zone on the most tested 
bacterial lawns. The coverage rate of the 
formed phage cocktail was calculated. The 
phage cocktail was shown to be able to lyse 
7/10 (70%) of A. baumanii bacteria and thus 
the coverage rate was 70%. 
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Table 1. The characteristic features of A. baumanii bacteria to which the lytic and specific phages 
were isolated 

 

Bacterial isolate Specimen Age of patient 
Sex of 

patient 
Disease 

AB1 Wound swab 30 years Male Wound infection 
AB2 Urine 40 years Female Urinary tract infection 
AB3 Blood 7 years Female Septicemia 
AB4 Throat swab 4 days Female Pneumonia 
AB5 Wound swab 6 years Male Wound infection 
AB6 Wound swab 37 years Male Wound infection 
AB7 Blood 35 years Male Septicemia 
AB8 Blood 1 day Male Septicemia 
AB9 Blood 5 days Male Septicemia 

AB10 Blood 3 days Male Septicemia 
AB11 Wound swab 2 months Male Wound infection 
AB12 Wound swab 33 years Male Wound infection 
AB13 Sputum 38 years Male Pneumonia 
AB14 Diabetic foot 40 years Female Wound infection 
AB15 Wound swab 70 years Male Wound infection 
AB16 CSF 43 years Female Meningitis 
AB17 Blood 2 years Female Septicemia 
AB18 Wound swab 12 years Male Wound infection 
AB19 Diabetic foot 41 years Male Wound infection 
AB20 Blood 55 years Male Septicemia 
AB21 Diabetic foot 2 years Female Wound infection 
AB22 Urine 67 years Male Urinary tract infection 
AB23 CSF 14 days Male Meningitis 

 

 
 

Figure 1. The rate of antibiotic sensitivity/ resistance of 23 A. baumanii isolates to a panel of 17 
antibiotic disks commonly used in Iraq 



Jasim & Abdul-Ameer, Phage Cocktails for A. baumanii 

364 
 

 

 

Figure 2. A) plaques produced by of AB6P2 via top-layer plaque assay B) plaques produced by 
AB11P2 via top-layer plaque assay 

 
 
 
 

 

Figure 3. Top layer plaque assay for AB3P1 with different concentrations A) AB3P1 with 103 
PFU/ml B) AB3P1 with 105 PFU/ml 
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Table 2. Morphological features of the isolated phages to A. baumanii bacteria before and after 
optimization via top layer plaque assay 

 
Phage 

symbol 
Plaque size 

(mm) 
Plaque clarity Plaque shape Margin cut 

Before After Before After Before After Before After 

AB1P1 0.5 1.5 Turbid Semi-clear Round Round Un-obvious Regular 

AB1P2 0.3 1 
Semi-
turbid 

Clear Round Round Irregular Irregular 

AB2P1 2 2.5 Semi-clear Semi-clear Round Round Regular Regular 

AB3P1 0.8 1.5 
Semi-
turbid 

Semi-clear Oval Oval Irregular Irregular 

AB3P2 0.5 0.5 Semi-clear Clear Oval Oval Regular Regular 

AB3P3 2.5 4 Semi-Clear Clear Round Round Irregular Irregular 

AB3P4 3.5 3.5 Semi-Clear Clear Oval Oval Irregular Irregular 

AB4P1 3.5 7 Clear Clear Round Round Irregular Irregular 

AB5P1 1 1.5 Turbid Clear Oval Oval Un-obvious Irregular 

AB6P1 2 2 
Semi-
turbid 

Semi-clear 
Semi-
round 

Round Irregular Regular 

AB6P2 2 3.5 Semi-clear Semi-clear Oval Oval Irregular Irregular 

AB9P1 0.5 0.5 Semi-Clear Clear Round Round Regular Regular 

AB10P1 1.2 2.5 Clear Clear Round Round Regular Regular 

AB10P2 1.9 5.5 
Semi-
turbid 

Clear Round Round Regular Regular 

AB12P1 1 1 
Semi-
turbid 

Semi-
turbid 

Oval Oval Irregular Irregular 

AB15P1 3.5 5.5 Turbid Clear Round Round Un-obvious Regular 

AB15P2 0.8 1 
Semi-
turbid 

Clear Round Round Regular Regular 

AB17P1 1.7 3.5 Semi-Clear Clear Oval Oval Irregular Irregular 

AB19P1 0.5 3 
Semi-
turbid 

Semi-
turbid 

Round Round Un-obvious Irregular 

AB19P2 0.8 1.5 Turbid Clear Round Round Un-obvious Regular 

AB20P1 0.5 2 Semi-Clear Clear Oval Oval Regular Regular 

AB21P1 1.5 6.5 Turbid Semi-clear Oval Oval Regular Regular 

AB21P2 1 2 
Semi-
turbid 

Semi-clear Round Round Irregular Irregular 

AB22P1 0.5 1.5 Turbid Turbid Oval Oval Un-obvious Regular 

AB22P2 2.3 4.5 
Semi-
turbid 

Semi-
turbid 

Oval Oval Irregular Irregular 
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Table 3. Shown the biokinetics: Infective percentage (IP %), Burst time (BT) in minutes, and Burst 
size (BS) in number of progenies of the randomly selected bacteriophages to A. baumanii 

bacteria 
 

 IP % BT BS 

AB1P2 91.3 40 170 

AB3P4 94.5 45 245 

AB5P1 76.4 35 220 

AB7P3 85.2 30 160 

AB9P1 88 45 210 

AB10P2 86.6 45 145 

AB14P1 77.5 40 190 

AB15P3 82 30 200 

AB17P2 80 40 130 

AB20P1 79 35 185 

 
 

B  

 
Figure 4. (A) resistant A. baumanii bacteria (AB3) to a single specific phage (AB3P1) (B) the 
phage cocktail completely lysed A. baumanii (AB3) bacteria without development of any 

resistant colonies 
 
 
Determination of the native activity of phage 
Endolysin on A. baumanii bacteria  
During the isolation and optimization of 
different phages against A. baumanii isolates; 
some phages were found to produce a halo-like 
appearance around the inhibition zone 
produced by some lytic phages as shown in 

figure 6. This halo-like appearance suggested a 
native endolysin production from phage. The 
findings of this study revealed that a specific 
phage endolysin to A. baumanii was extracted 
successfully by using sephadex G100 column 
chromatography. The Eppendorf tube number 
two showed positive results for phage 
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endolysin. The optical density of A. baumanii 
broth was measured initially at zero time, just 
before the addition of the corresponding 
endolysin, then it was measured every ten 
minutes for complete one hour and it showed 
obvious decline in optical density of bacterial 
broth with time. According to t-distribution 
test, there is a significant difference between 
the test groups, bacteria treated with endolysin 
and control group, bacteria alone with PBS, (P = 
0.00134). Moreover, the overall enzymatic 
activity of extracted native endolysin was 
quantified by turbidometric reduction analysis, 
270 μl of exponentially growing A. baumanii 

(AB3) cultures (1.4 x 108 CFU/ml) were 
challenged to 30 μl of extracted native 
endolysin at room temperature. A. baumanii 
optical density and viability counts were 
reduced from 0.585 to 0.031 after one hour of 
treatment, compared with the untreated 
control group that continued to grow (from 
577 to 624 after one hour). It was shown to be 
-0.0092 ΔOD/min. By using standard curve 
measurements to interpolate OD values to 
bacterial count, it was shown that the 
endolysin native activity surpassed 1.4 log 
reduction threshold after one hour of 
treatment as shown in figure 5. 

 
 

 
 

Figure 5. Interpolation of bacterial count in CFU/ml with the optical density (600nm) of A. 
baumanii broth treated with AB3 phage endolysin 

 
                                              
Discussion 
The results in the current study revealed 
different antibiotic resistant profiles by 
different A. baumanii isolates. All of the 
isolates of A. baumanii were shown to be fully 
resistant to several antibiotics tested in the 
current study and as follows: Cefepime, 
Cefotaxime, Colistin, and Amoxicillin-clavulanic 
acid. However, the resistance rate to other 
antibiotics was less than 100% and ranged from 

95.65% to 30.43%. The MDR status reported in 
current study agrees with the findings of other 
recent studies carried in Iraq (17-19) but this 
study disagrees with a study carried out in USA 
which reported that approximately 50% of 
patients are with colistin-resistant A. 
baumannii (20). The variation in the results may 
be due to sample size, sampling procedure, 
differences in the time of the studies, or 
differences in the geographic areas. This study 
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agrees with study in Iraq which found that, A. 
baumanni clinical isolates developed 97.3% of 
resistance to Aztreonam and Ceftriaxone, 
89.5% to Ceftazidime, and 58.2% to Imipenem 
(21). Moreover, this study agrees with another 
local study conducted in Iraq which found that, 
a high level of A. baumanii resistance, 88.2% to 
Meropenem and a lower resistance rate 52.9% 
to Imipenem while complete resistance was 
reported, 100%, to Cefepime, Azteronam, and 
Ceftriaxone (22). The complete resistance of A. 
baumanii isolates collected in this study to 
colistin might be attributed to the major 
mechanism of colistin resistance in A. 
baumannii, namely modification of 
lipopolysaccharide (LPS) outer membrane via 
adding phosphor ethanol amine to the hepta -
acylated lipid A structure (23,24).  
The presence of β-lactamases, which are the 
backbone of the most principal mechanism of 
β-lactam resistance. These enzymes, at least in 
part, hydrolyze carbapenems along with other 
β-lactams (25). Recently a new extended 
spectrum AmpC enzyme was identified in A. 
baumannii bacteria; this enzyme has been 
shown to be able to hydrolyze Ceftazidime, 
Cefepime and Aztroenam (26). 
In this regard, bacteriophage or phage therapy 
could offer one of the best applicable solutions 
to overwhelm the problem of antibiotics 
resistance of bacteria in Iraq and in the world 
(27). One of the striking merits of using 
bacteriophages over antibiotics in a country 
like Iraq is the fact that phages are self-
amplifying in the site of infection so phages can 
be given to patients in a single dose, therefore, 
unnecessary to repeat doses of phages; hence, 
incompliance of patients will not affect the 
success of the course of therapy. In this study, 
the lytic and specific phages to A. baumanii 
were isolated from various environmental 
sources; the main source was sewage; this 
finding is in line with other studies (28,29). 
Another main source of phages in this study 
was waste water (30). The current study 
revealed that sewage was the best source to 
isolate highly lytic and specific phages to A. 
baumanii (31). Moreover, phages from sewage 
showed good clarity and size of plaques; this 
might be credited to the fact that phages in 

sewage tolerate drastic environment which 
favors the induction of temperate phages, 
residing in high number in Acenitobacter 
bacteria, to lytic ones.  
The current study showed successful in vitro 
use of both single phage and phage cocktail to 
lyse A. baumanii XDR or PDR isolates. 
Nevertheless, this study revealed a superiority 
of the phage cocktail over the single phage in 
lysing A. baumanii bacteria without 
development of resistant colonies to phage 
therapy. Consequently, such phage cocktails 
are powerfully supposed to prevent the 
emergence of phage-resistant mutants (16,32). 
The results of the current study highlighted the 
fact that using phage cocktails provides several 
advantages. Firstly, phage cocktails broaden 
the strain-specific range of infective phages. 
This permits effective therapy of a broader 
spectrum of bacteria within the same A. 
baumanii species (33,34). Secondly, phage 
cocktails solve the serious obstacle of the 
development of A. baumanii resistance to 
attacking phages. It was stated that using 
phage cocktails is the finest choice for effective 
phage therapy without suspicions of rapid 
emergence of bacterial resistance (33). The 
phage cocktail used in this study ensured two 
important goals, covering as much as possible 
different strains of A. baumanii, and the second 
goal is that each bacterial isolate was 
recognized by multiple different phages, a 
necessary step to combat bacterial resistance 
to phage therapy. Each A. baumanii isolate 
might have more than one receptor and each 
receptor is recognized by a different phage to 
attach and invade (35). This explains why each 
bacterial isolate was invaded by more than one 
different phage. Therefore, when a bacterial 
isolate develops resistance to one phage in the 
phage cocktail, it is still sensitive to other 
phages in the same phage cocktail. From the 
findings of the top layer plaque assay of this 
study, each member of the phage cocktail was 
different from each other, and from the 
findings of the bacterial resistance rate to the 
single phage versus the phage cocktail, the 
phages used in this study seem to target 
different receptors on the cell wall of A. 
baumanii bacteria. This provides evidence on 
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the preferred use of phage cocktails in the 
phage therapy of superbugs like A. baumanii 
XDR and PDR bacteria tested in this study.  
The coverage rate of the formed bacteriophage 
cocktail in this study was shown to be very 
high, up to 70%. Such high coverage paves the 
road to successful and ready-to-use therapy of 
serious and life-threatening infections of A. 
baumanii. Nevertheless, in this study, it was 
proven that in few months and by a single 
researcher, a phage cocktail of 64 anti-A. 
baumanii specific and lytic phages was formed. 
The formed phage cocktail could save lives of 
uncountable patients suffering from serious 
and devastating A. baumanii infections 
resistant to the conventional antibiotics. This 
highlights the importance of using phage 
cocktails especially in a country like Iraq where 
A. baumanii flourishes in poor hygiene and 
areas of conflicts (36,37). 
The results of the native endolysin activity in 
the current study are in a harmony with few 
studies examined the native activity of 
endolysin produced from bacteriophages that 
infect gram-negative bacteria such as A. 
baumanii, P. aeruginosa and E. coli (38-42). The 
current study highlights the intrinsic 
antimicrobial activity of native endolysin 
produced from phages against G-ve bacterial 
pathogens. Native endolysin activity is a good 
candidate for the therapeutic/disinfectant 
endeavor to control nosocomial infections 
caused by multiple drug-resistant bacteria, 
particularly MDR A. baumanii bacteria (38). The 
intrinsic antibacterial activity of endolysin 
against G-ve needs the ability of endolysin to 
get through the outer membrane pf these 
bacteria. This might explain why endolysins 
from phages infecting Gram-negative hosts are 
mostly small single-domain globular proteins 
(molecular mass between 15 and 20 kDa), and 
usually without a specific CBD module (39). 
These lysins likely better fulfill the catalytic role 
of classical enzymes (aiding multiple catalytic 
reactions during cell lysis), as opposed to their 
Gram-positive counterparts, which are 
proposed to bind to one site and have a very 
low off-rate (43,44).  
In Acinetobacter, it seems rather unusual that 
the lysogens would evolve a large diverse 

group of lysins for the sole purpose of releasing 
their phage progeny. Researchers guess that 
these lysins might in some manner be 
harnessed by the Acenitobacter bacteria to 
control their environment and fight back 
competing bacteria of other species (45). Being a 
soil organism, A. baumannii shares a highly 
competitive niche with further bacteria, 
including Pseudomonas and Bacillus which 
have an advantage over A. baumannii with 
their capability of producing several bacteriocin 
molecules used to kill bacteria in proximity 
(46,47).  
Taken together, the findings of this study 
indicate that A. baumanii bacteria in Iraq are 
mostly XDR and PDR bacteria; such abnormally 
high rate of multiple drug resistance necessities 
novel methods to tackle this impeding health 
risk on community. Therefore, the phage 
therapy assessed in this study was shown to be 
able to efficiently solve the problems of 
superbug resistant bacteria by lysing effectively 
most XDR and PDR bacteria in vitro. And, phage 
cocktails were shown to be superior over 
single-phage preparations in treating A. 
baumanii with much less rate of resistance to 
therapeutic phages. In addition, the endolysin 
native activity of lytic phages specific to A. 
baumanii evaluated in this study revealed a 
potent antibacterial activity (> 1 log) reduction 
of bacterial density in just one hour of 
endolysin treatment; this provided promising 
results to tackle Gram negative bacteria by 
using low molecular weight endolysins which 
are of high level of native antibacterial activity. 
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Abstract 
 
Background Cycloplegia abolishes the accommodative power by causing paralysis of ciliary muscle by 

anticholinergic drugs, which will inhibit stimulation of both ciliary muscle and sphincter pupillae 
causing cycloplegia and mydriasis. Atropine is widely used in cycloplegic refraction despite its 
potential toxicity. 

Objective To evaluate the possible role of two hours atropinization versus three days atropinization on the 
cycloplegic outcome in children. 

Methods This is a clinical interventional study that included fifty children aged two to seven years' old who 
attended Ibn Alhaitham Teaching Hospital from October 2012 to March 2013; manual refraction 
was done for each child after 120 minutes of two drops atropine 1% five minutes apart and 
refraction was repeated after three days of twice daily atropine 1% administration by the parents. 
T-test was used for means comparison. 

Results Fifty patients (26 males, mean age 3.89 ± 1.3) were included in the study. Spherical equivalent 
results obtained after three days atropinization (M = 4.2, SD = 1.85) were significantly higher than 
those obtained after two hours atropinization (M = 3.84, SD = 1.64) (t(49) = - 6.60, p < 0.05). 

Conclusion Two hour atropinization was inferior to the standard three days atropinization as it has less 
cycloplegic effect and so it cannot  be recommended based on the current evidence. 

Keywords Atropine, cycloplegia, atropinization, refraction   
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Introduction 

ycloplegia abolishes the accommodative 
power by causing paralysis of ciliary 
muscle by anticholinergic drugs, which 

will inhibit stimulation of both ciliary muscle 
and sphincter pupillae causing cycloplegia and 
mydriasis (1).   
Cycloplegic examination will not only help us to 
determine the static refractive error, but also 

dilate the pupil allowing for full 
ophthalmological examination like detecting 
any opacity of the ocular media and for 
posterior segment examination (1,2).  
Cycloplegic refraction helps determine full 
hyperopia in patients with accommodative 
esotropia and prevents overcorrection in 
myopic patients. It is also useful in prescribing 
correction in patients with limited cooperation 
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during subjective refraction and amblyopic 
patients who have chaotic accommodation (3).   
Atropine can be used as drops or ointment. 
Maximal cycloplegia occurs at three hours and 
the recovery of accommodation will start after 
3 days of discontinuing the drug and usually 
completed by 10 – 14 days (4).  
The conventional recommendation of 3 drops 
of 1.0% atropine for either eye per day 
corresponds to 2-3 milligrams atropine per day 
(and this over three days) carries a risk of 
overdosing. Through the lacrimal ducts, a 
major proportion of the atropine passes into 
the nasopharyngeal cavity (where atropine is 
absorbed and can then act systemically). 
Consequently, it is not surprising that 
intoxications with atropine eye-drops have 
been repeatedly reported for decades. Also, 
atropine is contraindicated in patients with 
Down syndrome and albinism. The dosage of 
atropine borders on the toxic range. 
Additionally, parental compliance with the 
dosage schedule cannot be guaranteed (5-7).  
Despite the fact that nowadays cyclopentolate 
is preferable for routine cycloplegia and has 
comparable results to atropine with less 
incidence of toxicity (2,8,9), many authors still 
consider atropine as the drug of choice for 
complete cycloplegia due to its strong 
cycloplegic action which may uncover 
additional 0.3–0.5 D of hyperopia in light, as 
well as deeply pigmented children with 
hyperopia and white children with esotropia 
(2,4).   
The specification one drop of 0.5 or 1.0 percent 
atropine eye drops twice a day for three days 
was recommended by Duke-Elder 50 years ago 
(10). There have not been many changes in the 
dosage recommendations for decades. 
Parents who have to administer atropine at 
home for three days not uncommonly have 
difficulties in applying eye drops, and the 
ophthalmologist cannot always be certain 
whether correct application was carried out 
and whether full cycloplegia was really 
attained. Auffarth and Hunold had proposed a 
newer scheme for refractive measurements 

under atropine cycloplegia two hours after 
application of two drops of atropine (0.5% 
atropine children <2 years; 1.0% atropine 
children >2 years). This abbreviated scheme 
has the advantage of easier application by the 
untrained personnel, better compliance by the 
patients and their families, and the lesser 
chances of toxicity or overdose from prolonged 
atropine administration (11).  To our knowledge, 
no studies were conducted to evaluate the 
effectiveness of this abbreviated regimen apart 
of that of Auffarth and Hunold. 
This study was carried to establish whether 
application of two eye drops of atropine and 
subsequent determination of refraction after 
two hours provided the same results as those 
obtained after conventional administration of 
atropine for three days. 
 
Methods 
This is a clinical interventional study conducted 
in the strabismus Unit at Ibn Alhaitham 
Teaching Hospital from October 2012 to March 
2013. The sample was chosen by convenient 
randomization of the patients attending the 
Unit during the period of the study. All patients 
with strabismus and refractive error, whose 
age was from two to seven years, were invited 
to participate in this study with the exclusion of 
those with history of cardiac disease. A total of 
50 patients, who agreed to participate, were 
enrolled in this study with consent from their 
parents.   
Each patient received one drop of atropine 1% 
followed by another one after five minutes. 
Manual refraction was done after two hours 
and recorded. The patients and their families 
were instructed to apply further atropine drops 
that evening and to continue with twice daily 
atropine drops for the next two days. 
Refraction was recorded manually in the 
morning of the fourth day by the Unit 
refractionist.  
The data were collected using a data collection 
form that was formulated for the purpose of 
the study. The data included age, sex, and 
presence of strabismus and/or refractive error, 
the refractive error recording after two drops 
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of atropine and the refractive error after three 
day atropinization.      
Statistical analysis was done using IBM® SPSS® 
(Statistical Package for Social Sciences) 
Statistics version 21 on a Windows 7 Home 
Premium PC. Descriptive statistics were 
presented as (mean ± standard deviation) for 
the continuous variable (age, and the refractive 
error after atropinization) while the categorical 
variables (gender, presence of strabismus 
and/or refractive error) were presented as 
frequencies (numbers) and proportions 
(percentages). Level of significance was 

determined using t-test and a p value of ≤ 0.05 
considered as significant difference.    
 
Results 
A total of 50 patients were enrolled in this 
study, 24 (48%) were males and 26 (52%) were 
females with almost equal male to female ratio 
as shown in table 1 and figure 1. The mean age 
of the study group was 3.86 ± 1.3 years and 
ranged from 2 -7 years, these findings and the 
age distribution are illustrated in table 1.

 

Table 1. Baseline characteristics of the study group 
 

Variable  Value 

Gender 

Male n (%) 24 (48%) 

Female n (%) 26 (52%) 

Total 50 (100%) 

Age (Years) 
Mean ± Std deviation 3.89 ± 1.3 

Range 2 - 7 

 
 
 

 
 

Figure 1. Age Distribution among sample 
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Among the study sample, 10 (20%) of the 
patients have strabismus and 13 (26%) have 

refractive error, while 27 (54%) have both 
strabismus and refraction as shown in table 2. 

 
Table 2. Frequency of patients with strabismus and refractive error 

 
Strabismus n (%) Refractive Error n (%) Both n (%) 

10 (20%)  13 (26%)  27 (54%)  

 
 
Table 3 illustrates the mean refraction 
obtained after two hours atropinization and 

that obtained after three days with 95% 
confidence interval. 

 
Table 3. Mean, standard deviation and 95% confidence interval of two hours atropinization 

versus three day atropinization 
 

 
Mean 

( Diopter Sphere) 
Standard deviation 

95% Confidence Interval 
Lower Upper 

Two Hours 
Atropinization 

3.84 1.64 3.32 4.21 

Three Days 
Atropinization 

4.20 1.85 3.97 5.02 

 
In figure 2, the frequency of the difference in 
the dioptric power between two hours and 
three days atropinization is shown. These 
results have demonstrated that in only 22% of 
patients had similar refraction with two hour 

atropinization as that of the three day 
atropinization. Nevertheless, it is quite obvious 
that 56% of the differences lies within 0.5 
diopter and 82% within 1 diopter. 

 

 
 

Figure 3. Difference in dioptric power between two hours and three day 
refraction 
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Spherical equivalent measured after two hours 
atropinization and after three days 
atropinization was analyzed using a dependent 
samples t-test. This revealed that spherical 
equivalent results obtained after three days 
atropinization (M = 4.2, SD = 1.85) were 
significantly higher than those obtained after 
two hours atropinization (M = 3.84, SD = 1.64) 
(t(49) = - 6.60, p < 0.05). 
 
Discussion 
The results from this study showed statistically 
significant (P ≤ 0.05) difference between two 
hour atropinization and three day 
atropinization. These results differ from those 
of Auffarth and Hunold, who had concluded 
that two hour atropinization has comparable 
results to three day atropinization without 
relying on statistical evidence. They assumed 
that with the presence of 0.5 diopter difference 
is enough to recommend the abbreviated 
scheme as this difference showed in about 80% 
of patient and they considered that a good 
correlation between the two methods (11).  
In this study, the difference of 0.5 diopter was 
observed in only 56% of cases. This difference 
can be explained by the difference in obtaining 
refraction being manual in this study and 
automated refractometer in Auffarth and 
Hunold’s study.  
This study has its limitations. First, the small 
sample size may not demonstrate the true 
relation between the two regimens. Secondly, 
the use of manual refraction may have an 
impact on the results. 
This study has concluded that two hour 
atropinization does not produce similar 
refraction as that of the standard three day 
atropinization.  
This study recommends when atropine is used 
as a cycloplegic agent, the standard three day 
atropinization scheme will produce a more 
accurate refraction and is therefore it is 
recommended to continue using this scheme 
for cycloplgia with atropine till further studies 
confirm the non-inferiority of the abbreviated 
regimen. 
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Abstract 
 
Background The administration of antibiotics is of great value in the therapy of infections of male genital tract, 

which may have an effect on fertility. Antibiotics are generally prescribed for a variety of infections. 
A number of patients requiring assisted conception occasionally show evidence of reproductive 
tract infections. While fluoroquinolones being excessively prescribed in the treatment of male 
genital tract infections, too little information concerning their outcome on fertility are present. 

Objective To estimate ciprofloxacin effects on sperm function parameters in addition to inspect whether 
ciprofloxacin can affect the integrity of sperm DNA. 

Methods In the present study, 48 male adult rats were enrolled. The animals were randomly allocated into 
six groups; four ciprofloxacin treated groups, which were treated with either (40 mg/kg/day) or (80 
mg/kg/day) of ciprofloxacin and 2 control groups. For each dose, the treatment maintained for 
either 14 days or 28 days. At the end of each duration of treatment, certain epididymal sperm 
function parameters: sperm morphological normality, sperm concentration and sperm motility 
were analyzed together with sperm DNA integrity analysis. 

Results A significant reduction in sperm concentration, motility and percentage of morphologically normal 
sperm (in a dose dependent manner) was observed when ciprofloxacin administered for 28 days. 
The level of DNA fragmentation was significantly elevated with a significant reduction in sperm 
chromatin quality in ciprofloxacin treated groups whereas serum testosterone level was not 
significantly affected. 

Conclusion Ciprofloxacin can adversely influence fertility parameters in male rat. 

Keywords Fertility, Ciprofloxacin, Sperm DNA 

Citation Abd AH, Al-Dujaily SS, Al-Saray DA. Effects of ciprofloxacin on male fertility parameters and 
sperm DNA integrity in rats. Iraqi JMS. 2018; 16(4): 378-384. doi: 10.22578/IJMS.16.4.4 
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Introduction 

ntibiotics are frequently prescribed in 
the treatment of different types of  
infections. Whereas some patients need 

assisted fertilization, in several cases, these 
patients display evidence of infection in male 
reproductive tract (1). Consequently, the use of 
antibacterial agents is essential in the 

treatment of genital tract infections, which can 
probably influence fertility in male. 
The antibiotic fluoroquinolones are frequently 
prescribed by fertility specialists in the therapy 
of numerous types of bacterial infections when 
high level of leukocytes is observed in the 
semen or before in vitro fertilization program, 
without taking consideration to bacterial 
evidence of infection (2).  
Infertility can be defined as failure to attain 
pregnancy after 12 months of a usual 
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unprotected sexual intercourse (3). Male 
infertility problem represents more than 45% 
of infertility problems. There are multiple 
factors, which can affect fertility in male; 
anatomical causes like varicocele or ductal 
obstructions represent some infertility factors 
in male (4). Additionally, male infertility can be 
produced from abnormality in sperm; as it was 
predicted that defects in sperm production 
represent 36-75% of male infertility causes. 
Other factors that associated with infertility of 
male are reactive oxygen species, sperm 
antibodies, infection, cigarette smoking, 
radiation, heavy metals, hormonal causes, 
several therapeutic drugs and others (5).  
Ciprofloxacin, which represent a second-
generation fluoroquinolone, a broad-spectrum 
antibiotic used in the treatment of several 
gram-positive and gram-negative bacterial 
infections which affect the bones, joints, 
urinary and respiratory tracts. It generally acts 
by inhibition of type II topoisomerase, DNA 
gyrase, which is required for unwinding of 
replicated prokaryotic DNA. It is routinely 
prescribed by fertility specialists and urologists 
in the therapy of reproductive infections. Its 
side effects take place mostly in the central 
nervous system and gastrointestinal tract. 
Allergic and cardiovascular complications are 
other adverse effects observed during 
administration of ciprofloxacin (6). 
In vitro and in vivo genotoxicity researches had 
recommended that this antibiotic is harmless 
for therapeutic use (7). On the other hand, 
other studies have confirmed that ciprofloxacin 
could impair testicular structure and function 
(8). Therefore, this study was intended to detect 
the effect of ciprofloxacin on sperm function 
parameters and integrity of sperm DNA. 
 
Methods 
This study involved the use of 48 male adult 
Albino-rats.  Their weight was about (225±25) 
gm and the age of rats was ranged between 7-8 
weeks old. The rats were housed in controlled 
temperature around 24 °C and 13±1 hour light-
dark cycles. Rats were fed an ordinary 

commercial pellet. The experimental groups 
were equally allocated into six groups (4 
ciprofloxacin treated groups and 2 control 
groups), ciprofloxacin was injected 
intraperitonially in a doses of (40 mg/kg/day) 
and (80 mg/kg/day) and each dose was 
administered in two periods, short duration of 
14 days and long one (28 days) (the use of two 
doses was intended to detect the effect of 
increasing the dose on fertility parameters), in 
the control groups rats were injected 
intraperitonially with normal saline (in the 
same volume as ciprofloxacin): in the first 
control group rats were injected for 14 days 
and in the second control group they were 
injected for 28 days. At the end of each 
duration of treatment, rats from each group 
were anesthetized by diethyl ether, blood and 
epididymis were collected from each rat for the 
measurement of: sperm morphological 
normality, sperm concentration and sperm 
motility together with sperm DNA integrity 
analysis. The work on the animal was approved 
by the Institute Review Board in the College of 
Medicine of Al-Nahrain University. 
 
Preparation of epididymal sperm 
The caudal epididymis part of each rat was 
dissected and placed in (1 ml) of a previously 
warmed Hams F12 medium. Tearing of the 
tissue was made in order that the spermatozoa 
would swim out into the culture medium.  
 
Microscopic examination 
The microscopic observation was performed 
for each sample. one drop of sperm sample 
was put on a warm slide then covered by 
standard cover slip for scoring under light 
microscope of (40 X) objective. 
 
Sperm function parameters analysis 
Certain sperm function parameters were 
examined specifically; sperm motility, 
concentration and morphology. Motility was 
expressed as the fraction of progressive 
motility including speedy spermatozoa, grade 
A; slow spermatozoa, grade B; non-progressive 
sperm, grade C; and non-motile sperm, grade D 
(9). 
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Sperm DNA integrity (Acridine Orange Test) 
Acridine orange represent a metachromatic 
fluorescence probe for evaluation of the 
degree of sperm nuclear DNA affinity for in-situ 
acid-induced denaturation by differentiation 
between native double-stranded DNA, which 
give green fluorescence and the red 
fluorescent which is produced by denatured 
single-stranded DNA (10). Smears were fixed in 
glacial acetic acid-methanol (1:3), followed by 
staining with acridine orange {0.19 mg/ml, pH 
2.5}.  
 
Aniline Blue staining 
Aniline blue distinctively stains histones rich in 
lysine and consequently detecting anomalies in 
sperm chromatin condensation (11).  In order to 
attain this, 3% buffered glutaraldehyde was 
used for fixation of sperm samples smears. 
Then stained with 5% aqueous aniline blue. 
Under light microscope, examination of 
spermatozoa was performed using a 
magnification of ×100 eyepiece (12). 
 
Testosterone measurement 
After centrifugation of whole blood, the serum 
was obtained and the concentrations of 
testosterone was measured by 
radioimmunoassay by means of a readymade 
kit (ichromaboditech). 
 
Statistical analysis 
The analysis of the study data was performed 
by SPSS software version 16. All results are 
expressed as mean±SE. The difference between 
the quantitative data was analyzed with one-
way ANOVA, and followed by the Tukey test. P-
value less than 0.05 were considered 
significant for all data in this study.  
    
Results 
Effects of ciprofloxacin on sperm 
concentration: 
Administration of ciprofloxacin for 14 days (in a 
dose of 40 and 80 mg/kg/day) was not 
significantly affect sperm concentration, while 
significant decline in sperm concentration was 
observed when the drug was administered in a 

dose of (80 mg/kg/day) for 28 days as 
compared with the control group (Table 1). 
 
Effects of ciprofloxacin on sperm motility 
No significant alterations were seen in 
progressive motility or in the total motility of 
sperm (as compared with the control group) 
when the drug was administered (in 40 and 80 
mg/kg/day) for 2 weeks, while a significant 
lessening in the total and in the progressive 
motility was observed when ciprofloxacin was 
injected for 28 days and the decline in sperm 
progressive motility was dose related (Table 1). 
 
Effects of ciprofloxacin administration on 
sperm morphology 
A significant reduction in sperm morphological 
normality was resulted when ciprofloxacin 
injected for 28 days and in high dose (80 
mg/kg/day) as compared with the control 
group (Table 1). 
 
Effects of ciprofloxacin on sperm DNA 
integrity and chromatin quality  
Treatment with ciprofloxacin resulted in a 
significant elevation in the level of staining 
propensity of sperm DNA with acridine orange 
and this elevation was increase as the dose and 
/or the duration of the drug was increased, 
these differences as compared to the control 
groups (Table 2) and (Figure 1). 
The fraction of sperm, which is positively 
stained with aniline blue was significantly 
elevated and in positive correlation with the 
dose and the duration of treatment with 
ciprofloxacin as compared with the control 
group (Table 2). 
 
Effect of ciprofloxacin on serum testosterone 
level 
In the present study, treatment with 
ciprofloxacin in two different doses and in 
different durations show no significant changes 
in the level of serum testosterone as compared 
with the control groups (Table 3). 
 



Iraqi JMS 2018; Vol. 16(4) 
 

 
381 

 

Table 1. Effects of intraperitoneal injection of ciprofloxacin on sperm motility, concentration, 
and morphological normality in adult male rats 

 

Morphologically 
normal sperm % 

Sperm 
concentration 

ˣ106 (sperm/ml) 

Immotile 
sperm% 

Total 
motility% 

Progressive 
motility% 

Duration 

(days) Treatment 

91.71±0.42 
(a) 

40.14±1.32 
(a) 

19.29±0.92  
(a) 

80.71±0.92 
(a) 

49.0±1.41 
(a) 

14 

Control 
92.57±1.0 

(a) 
37.71±1.61 

(a) 
17.00±1.27 

(a) 
83.0±1.27 

(a) 
52.0±1.27 

(a) 
28 

91.71±1.09 
(a) 

38.0±0.8 ˣ106  
(a) 

20.57±1.84 
(a) 

79.43±1.84 
(a) 

47.86±1.92 
(a) 

14 Ciprofloxacin 
(40 

mg/kg/day) 
90.71 ± 1.04 

(ab) 
36± 0.48 ˣ106 

(ab) 
28.29±1.02 (b) 

71.71±1.02 
(b) 

36.57±.72 
(b) 

28 

91.0±1.11 
(a) 

37.2±0.84 ˣ106   
(a) 

22.29±.68 
(a) 

77.71±0.68 
(a) 

44.0±1.0 
(a) 

14 Ciprofloxacin       
(80 

mg/kg/day) 
88.14± 0.63 

(b) 
32.7±0.42 ˣ106  

(b) 
31.71±1.30  

(b) 
68.29±1.30 

(b) 
29.57±0.53 

(c) 
28 

Values are expressed as mean±standard error (n=8) 
Values on the same column having the same letter (for example letter a) are not significantly different. 

 
 

Table 2. Effects of intraperitoneal administration of ciprofloxacin on sperm DNA integrity and 
chromatin quality in adult male rats 

 

Positive aniline blue 
staining % 

Positive acridine orange 
staining % 

Duration 
(days) 

Treatment 

9.71±0.57 (a) 7.57±0.37 (a) 14 
Control 

10.14±0.94 (a) 6.29±0.42 (a) 28 

14.43±0.95 (b) 26.0±0.44 (b) 14 Ciprofloxacin  
(40 mg /kg/day) 20.14±0.51 (cd) 42.57±0.37 (d) 28 

18.0±0.62 (c) 28.71±0.68 (c) 14 Ciprofloxacin 
(80mg/kg/day) 22.14±0.8 (d) 47.0±0.53 (e) 28 

Values are expressed as mean ± standard error (n=7) 
Values on the same column having the same letter (for example letter a) are not significantly different. 

 
 

Table 3. Effects of intraperitoneal administration of ciprofloxacin on serum testosterone level in 
adult male rats 

 

Serum Testosterone level (ng/ml)  
28 days 14 days Treatment 

1.93±0.27 (a) 1.79±0.29 (a) Control 
1.94±0.19 (a) 2.48±0.28 (a) ciprofloxacin (40 mg/kg/day) 
2.06±0.28 (a) 2.25±0.25 (a) Ciprofloxacin (80 mg/kg/day) 

Values are expressed as mean ± standard error (n=7) 
    Values on the same column having the same letter (for example letter a) are not significantly different. 
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Figure 1. Fluorescence microscopic images of acridine orange stained cells, which present that 
spermatozoa generating green fluorescence are considered to contain normal DNA content, 

whereas sperms that display spectrum of yellow or orange to red fluorescence are considered to 
contain fragmented DNA 

 
 

Discussion 
In the present study, administration of 
ciprofloxacin resulted in significant decline in 
sperm concentration in a dose and time related 
manner, similar findings were observed by 
Demir et al. in 2007 as they had noticed a 
marked drop in sperm count after ten days of 
ciprofloxacin treatment (13). Kaki et al. (2008), 
who recorded that treatment with 
ciprofloxacin for 60 days resulted in a 
significant reduce in the number of 
spermatogenic cells in seminiferous tubules (14). 
There are a number of postulated mechanisms 
by which sperm concentration could negatively 
affected as direct toxicity of sperm or by 
suppression of cell growth or cellular 
production (15). Eukaryotic cells apoptosis 
represents other mechanism and can be 
resulted from interference with the 
mitochondrial pathway (16), reduction in 
testosterone level (17), as well as, decline in 
chromatin quality or integrity of DNA can also 
have detrimental effect on sperm 

concentration (18). In the current study, 
testosterone level was not considerably 
affected by ciprofloxacin, hence it cannot 
consider as a reason by which sperm 
concentration was unfavorably affected, 
however, when chromatin quality and sperm 
DNA integrity were tested, current results 
indicate a marked increase in the intensity of 
DNA fragmentation with reduction in sperm 
chromatin structure quality. As a result, it can 
be predicted that these detrimental effects on 
sperm genetic material can be considered as 
the mechanisms by which other sperm function 
parameters such as sperm concentration being 
negatively affected in the present study.     
The motility of sperm depends mainly on Ca2+ 
influx and on mitochondrial oxidation process 
to obtain the energy necessary for 
hyperactivity and flagellum movement (19). 
Thus, the adverse effect of ciprofloxacin on 
sperm motility propose that the drug may 
interfere with the function or the structure of 
Ca2+ channels by direct or indirect toxicity. The 
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other explanation is that; the drug may affect 
Cat Sper channels. As these channels are 
responsible for increasing Ca ions exhaustion 
which in turn stimulate sperm motility (20).  
Evidences from previous reports in sperm 
morphology indicated that, alteration in the 
morphology of sperm might be resulted from 
modification in the compaction of chromatin 
(21). These supposed mechanisms for 
abnormalities in sperm morphology are well-
matched with the present findings as in the 
present study, it is founded that ciprofloxacin 
could adversely affect sperm chromatin 
structure.  
The present findings showed that following 
ciprofloxacin administration, the level of 
sperms with a single stranded DNA (as 
indicated by acridine orange stain) and that of 
immature sperms (as indicated by aniline blue) 
were significantly elevated. Generally, the 
occurrence of elevated level of DNA nicks 
reflects cell necessity to unwind the torsional 
strain that produced from negative 
supercoiling which, on the other hand, 
associated with the protamines displacement 
as an alternative of nucleosomal histones and 
the modification in tertiary structure of the 
elongating spermatids. The presence of these 
nicks is not risky as they are continually ligated 
by topoisomerase II enzyme before 
spermiogenesis completion. Yet, these nicks 
cannot be correctly repaired if irregularity in 
topo II ligating activity are present or if its 
activity is blocked by the inhibitors of topo II 
enzyme (22). Since ciprofloxacin is known as 
topoisomerase inhibitor (23), so it can be 
concluded that this drug could block the 
formation and ligation of DNA nicks which 
sequentially disturbs protamination and as a 
consequence stimulate internal damage in DNA 
by increasing its propensity to damage and 
prevention of its repair. This theory has been 
confirmed with elevation of DNA damage as 
indicated by the acridine orange and aniline 
blue staining in sperms after ciprofloxacin 
administration in the current study.  
The current study concluded that ciprofloxacin 
could adversely affect the process of 
spermatogenesis in rats in time- and dose- 
dependent manner. 
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Abstract 
 
Background The improvements in instruments and technique of percutaneous nephrolithotomy (PCNL) in the last 3 

decades have led to expansion in its indications to include even the large and complex renal stone cases. 

Objective To determine the efficacy and safety of PCNL in relation to stone complexity. 

Methods In this prospective, clinical, interventional study, 51 patients with symptomatic renal stones of different sizes 
and locations, were admitted in our Urology Unit, fully evaluated and treated by our team with PCNL. For all 
the patient’s data collected were: age, gender, body mass index (BMI), previous renal surgery, pre-operative 
stone number, stone size, stone position, stone opacity, surgical approach, operative time, stone clearance 
rate, postoperative residual stones and complications, hospital stay and adjuvant therapy. By using different 
statistical methods, correlations were made to elicit the impact of stone size, stone position, stone opacity, 
BMI and previous renal surgery, operative time, stone free rate, complication rate and the need for auxiliary 
procedures. 

Results In this study, the 51 included patients were 31 males and 20 females with a mean age 40.3 year. All the stones 
treated were over 2 cm in their longest diameter, with 58.8% of them were ≥ 3 cm, and mean stone size was 
4.2±0.99 cm. The most prevalent site of stone was the lower calyx (39.2%), followed by (37.3%) as partial 
staghorn, while complete staghorn calculi constituted (11.8%). The final success rate of treatment was 86.3%. 
(60.8%) of the cases found to be stone free at immediate postoperative period. Auxiliary procedures were 
used in (27.5%) patients, to improve the stone clearance. Residual stones were ultimately remained in only 
(7.8%). Complications occurred in 11 patients (21.6 %). 

Conclusion PCNL though demanding, is an effective and reasonably safe procedure for the treatment of different renal 
stone burdens. Size and position of stones in the calyceal system and past renal surgery were the main 
determinants of operative time, stone clearance, complication rate and the need for auxiliary procedures. 

Keywords Renal stone, PCNL, stone complexity, stone free rate, complications 
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List of abbreviations: BMI = Body mass index, CT = 
Computerized tomography, ESWL = Extracorporeal shock wave 
lithotripsy, IVU = Intravenous urography, PCNL = Percutaneous 
nephrolithotomy, UPJ = Uretero-pelvic junction, URS = Ureteroscopy 

 
Introduction 

here are many factors that should be 
considered in dealing with renal stones 
including; stone size, position, chemical 

composition, hardness of stone, presence of a 

distal obstruction, renal function indices, 
availability of equipment and experience of the 
surgeon. All these factors will dictate the type 
of therapy suitable for each patient. Current 
treatment options for renal stones are extra 
corporeal shock wave lithotripsy (ESWL), 
percutaneous nephrolithotomy (PCNL), 
retrograde intra renal surgery (RIRS), and to T 
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much less extent open surgery. In addition to 
preventive medical treatment (1-3). 
Since the first PCNL procedure described by 
Fernstro and Johansson in 1976 (4), till now, 
there was a dramatic improvement in all 
aspects of this procedure including the type of 
nephroscope used, the fluoroscopy localization 
technique, the intracorporeal lithotripters used 
(including the Holmium laser), and the camera 
system (5). These improvements in instruments 
and technique have led to expansion in the 
indications of PCNL to include even the large 
and complex renal stone cases. Current 
indications for PCNL includes: Staghorn calculi, 
large stone burden (>2 cm), hard calculi 
(cystine, brushite, struvite, calcium oxalate 
monohydrate), impacted or large proximal 
ureteral calculi, calyceal diverticular calculi, 
ectopic renal calculi (as in horseshoe kidney, 
pelvic kidney, or transplanted kidney), 
Coexisting Uretero-pelvic junction (UPJ) 
obstruction and renal calculi, Lower pole renal 
calculi greater than 1 cm, and stones that have 
failed ESWL (6). 
Preoperative planning is essential to identify 
the position and number of stones, assess the 
intrarenal collecting system architecture, and 
to evaluate the relationship of the kidney and 
its surrounding organs. This is achieved by 
using one or more imaging modalities; as plain 
radiograph (KUB), renal ultrasonography, 
intravenous urography (IVU), and 
computerized tomography (CT) scan (7). 
Difficult Access Situations included:   previous 
renal surgery, perinephric scarring, supracostal 
upper calyx, mobile kidney, calyceal 
diverticulum, inability to find the renal pelvis, 
bifid collecting system, non-dilated collecting 
system, horseshoe kidney and pelvic kidney (8). 
The aim of the study was to determine the 
efficacy and safety of PCNL in relation to stone 
complexity (according to different patient and 
stone parameters). 
 
Methods 
In this prospective clinical interventional study, 
which was conducted during the period 

(November 2014 to November 2016), 51 
patients with symptomatic renal stone disease, 
treated with PCNL in our center, were included. 
Inclusion criteria were patients above 18 years 
of age, irrespective of gender with normal 
renal function and stone size > 2 cm. 
Exclusion criteria were untreated active urinary 
tract infection, uncorrected coagulopathy, 
severe cardiovascular disease, pregnancy, 
severe obesity and patients with congenital 
renal anomalies (such as horseshoe or ectopic 
kidneys). 
For all the patient’s data were collected: age, 
gender, BMI, previous renal surgery, pre-
operative stone number, stone size, stone 
position, stone opacity, surgical approach, 
operative time, stone clearance rate, 
postoperative residual stones &complications, 
hospital stay and adjuvant therapy. 
In addition to history, clinical examination and 
routine laboratory Investigations, preoperative 
imaging with KUB, renal ultrasonography and 
CT scan were used to identify the number, size, 
opacity and location of stones and the 
anatomical details of the collecting system. IVU 
sometimes used when CT scan not available. 
Stone positions were classified into: 
• Upper or middle calyx 
• Pelvic or lower calyx 
• Partial staghorn 
• Complete staghorn 

All patients were treated under general 
anesthesia, in prone position and a single 
subcostal lower pole percutaneous access was 
usually made by using the ‘‘triangulation’’ 
technique under fluoroscopic guidance. Then 
rigid nephroscopy was performed and stones 
were localized and fragmented by a pneumatic 
lithotriptor. Normal saline was used for 
continuous irrigation by using pulsatile low-
pressure perfusion pump.  
At the completion of fragmentation, stones 
were removed with grasping forceps. Stone 
clearance and the integrity of the collecting 
system were confirmed intraoperatively by 
nephroscope and fluoroscopy. 
Finally, a 5 Fr Double-J stent was introduced 
antegradely   into the ureter and a 16 Fr 
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nephrostomy tube (Foley catheter) was 
inserted into the renal pelvis or the involved 
calyx at the conclusion of the procedure.    
Nephrostomy tube usually removed after 24 
hours if there is no urine leakage, pain, fever or 
residual stone and in the absence of any 
complications, the patient usually discharged 
on the second postoperative day. 
When residual calculi larger than 8 mm were 
present, ESWL or a second PCNL was 
considered after 2 weeks. All complications 
(intraoperative and postoperative) were 
stated. Stone free state is defined as the 
absence of any visible stone fragments on the 
nephroscopy at the end of the procedure and 
on the early postoperative imaging studies. 
The final success rate is defined as the absence 
of significant stone fragments on the 
postoperative imaging studies after 6 weeks. 
Statistical analysis was conducted by using the 
Statistical Package for Social Sciences (SPSS) 
version 20. The continuous data were 
represented by mean, standard deviation and 
range, while the categorical data presented as 
frequency and percentage tables. P-Value < 
0.05 was used as the alpha level of significance. 
This study was approved by the ethical 
committee of our hospital and all the patients 
signed an informed consent.  
    
Results 
In this prospective clinical interventional study, 
out of the 51 patients included; 31 (60.8%) 
were males and 20 (39.2%) were females, their 
mean age was 40.3 years and ranged from (18-
62) years.  
The mean body mass index of the patients was 
22.9±2.7 kg/m2 and ranged from 18 to 28, 
about one-fourth (13/51) of them were 
overweight (≥25 kg/m2). The study also showed 
that 15 out of 51 included patients (29.4%) 
have previous renal surgeries. 
Regarding the stone characteristics in the 
included patients, as shown in table 1, 39/51 
(76.5%) were radio-opaque, and 30/51 (58.8%) 
of the managed renal stones were (≥3 cm) with 
mean stone size 4.2±0.99 cm. 

The most prevalent site of stone was the lower 
calyx; 20/51 (39.2%), followed by 19/51 
(37.3%) as partial stag-horns occupying the 
pelvis & one of the calyces. Hydronephrosis 
was found to be mild in 22 (43.1%), moderate 
in 18 (35.3%) and only 3 (5.9%) had a severe 
grade (Table 1). 
In this study, the final success rate of treatment   
was 86.3% (in 44 patients) and that 31/51 
(60.8%) of the cases found to be stone free at 
immediate postoperative period.  Auxiliary 
procedures were used in 14 (27.5%) patients, 
to improve the stone clearance, including 6 
patients underwent ESWL, 4 patients treated 
by URS and staged PCNL was done in 4 
patients. Residual stones were ultimately 
remained in only 4/51 (7.8%).  
Conversion to open surgery was only needed in 
three (5.9%) patients. Complications occurred 
in 11 patients (21.6%), with no fatal or life-
threatening complications (Table 2). 
The operative time of PCNL procedure was 
found to be different and correlated with 
certain patients & stone characteristics. Factors 
that significantly affect the operative time 
were:  stone size (p<0.0001), the position of 
the stone (p<0.0001) and previous renal 
surgery (p=0.014) (Table 3). 
Stone free rate was also correlated & 
significantly higher among patients with small 
size stones (95.2%), in lower calyx stones 
(100%) and in patients with no previous renal 
surgery (72.2%), as shown in table 4. 
The postoperative complications were found to 
be significantly associated with only the stone 
size as (36.7%) of patients with large size 
stones (≥ 3cm) showed complications while no 
one of the patients with small size stones had 
any complication (p=0.005). 
Other parameters like patients’ BMI, past renal 
surgical history, stone position and opacity did 
not show significant associations with 
postoperative complications in our series. 
The need for the use of auxiliary procedures (to 
accomplish stone clearance) was also  
significantly  associated with:  the size of the 
stones (p= 0.007) (being used in 43.3% of 
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patients with large stones in comparison to 
4.8%  among those with stones (< 3 cm) , with 
the complexity of stone position (p<0.0001) 
(the auxiliary procedures were needed in  
33.3%,  36.8% and 83.3%  in upper calyx, partial 
and complete staghorn stones respectively ) 

and were much more needed in patients with 
previous renal surgery (60%) with a P value 
0.002 . 
The conversion to open surgery was done in 
only 3 (5.9%) cases, without any significant 
correlation with any of the studied parameters.  

 
Table 1. Renal stone Characteristics in the included patients 

 

Variables Number Percent 

Stone location   

Right 29 56.9% 
Left 22 43.1% 

Right: Left ratio 1.32:1  

Opacity   

Lucent 12 23.5% 
Opaque 39 76.5% 

Opaque: Lucent ratio 3.25:1  

Size   

< 3 cm 21 41.2% 
≥ 3 cm 30 58.8% 

Position   

Lower calyx 20 39.2% 
Partial stag-horn 19 37.3% 

Upper calyx 6 11.8% 
Complete stag-horn 6 11.8% 

Grade of Hydronephrosis   

No 8 15.7% 
Mild 22 43.1% 

Moderate 18 35.3% 
Sever 3 5.9% 

 
 
 

Table 2. Number and percentage of complications in PCNL patients 
 

Variables Number Percent 

Fever >38 °C 9 17.6% 
Urine leakage (pcs extravasation) 7 13.8% 

Bleeding requiring transfusion 6 11.8% 
Visceral injury (pneumothorax) 1 2.0% 
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Table 3. Correlation of mean operative time with renal stone’s and patient characteristics 
 

Variables 
Operation duration (Minute) 
Mean ± Standard deviation 

p-value 

Stone size   
< 3 cm 83 ± 12 <0.0001* 
≥ 3 cm 102 ± 16  

Positionª   

Upper calyx 92 ± 15  

Partial staghorn 98 ± 12 <0.0001* 
Complete staghorn 123 ± 14  

Lower calyx 83 ± 11  

Opacity   

Lucent 90 ± 13 0.275 
Opaque 95 ± 18  

BMI   

<25 kg/m2 93 ± 18 0.585 
≥25 kg/m2 96 ± 15  

Previous renal surgery   
Yes 102 ± 13 0.014* 
No 91 ± 18  

Independent t-test, ª ANOVA test, * Significant at 0.05 level 
 

 
Table 4. Correlation of the stone-free rate with renal stone’s and patient characteristics  

 

Variables 
Stone free rate 

p-value Yes 
No. (%) 

No 
No. (%) 

Stone size Y    

< 3 cm 20 (95.2) 1 (4.8) 
<0.0001* 

≥ 3 cm 11 (36.7) 19 (63.3) 

Position E    

Upper calyx 3 (50) 3 (50) 

<0.0001* 
Partial stag-horn 7 (36.8) 12 (63.2) 

Complete stag-horn 1 (16.7) 5 (83.3) 
Lower calyx 20 (100) 0 (0) 

Opacity Y    

Lucent 9 (75) 3 (25) 
0.415 

Opaque 22 (56.4) 17 (43.6) 

BMI     

<25 kg/m2 26 (68.4) 12 (31.6) 
0.056 

≥25 kg/m2 5 (38.5) 8 (61.5) 

Previous renal surgery     

Yes 5 (33.3) 10 (66.7) 
0.01* 

No 26 (72.2) 10 (27.8) 
Y Yates continuity correction of chi, E Exact test, Chi-square tests, * Significant at 0.05 level. 
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Discussion 
The goal of surgical therapy for renal stones is 
to achieve maximum stone clearance with the 
least morbidity to the patient. Percutaneous 
access to the renal collecting system with 
improvement of endourologic instruments and 
intra-corporeal lithotripters has yielded greater 
success rates and lower complication rates and 
is therefore recommended as the treatment of 
choice for renal stones measuring >2 cm in 
diameter (9). 
Nevertheless, PCNL considered a demanding 
procedure and it is only safe and effective in 
experienced hands (10). 
Currently, complex staghorn calculi have been 
mostly managed with PCNL. The morbidity of 
PCNL in this aspect is less than open surgery 
with better stone-free rates (11). In fact, 
staghorn calculi were the most difficult group 
of stones treated in this series with the least 
immediate stone-free rate (16.7%). It is known 
that PCNL for the treatment of staghorn stones 
is a challenging procedure. It requires 
considerable experience in gaining 
percutaneous tracts, performing delicate and 
judicious intrarenal manipulations, mastering 
all techniques of intracorporeal stone 
disintegration, and weighing the benefits of 
complete stone clearance against the risks of 
complications (12). 
The mean operative time in our study was 102 
minutes for stone size (≥ 3cm), which is longer 
than in other studies (Shalaby et al, 80 
minutes) (13). This could be attributed to the 
difference in experience, facilities & 
completeness of stone clearance. 
A significant positive correlation was seen 
between stone burden and operative time, 
because larger stone need more time for 
fragmentation, as well as the position of the 
stone significantly affects the operation 
duration, being the longest in complete 
staghorn stones (occupying the whole 
pelvicalyceal system) and shortest in lower 
calyx stones. Access to the other calyces can be 
difficult through the subcostal route by rigid 
nephroscope. In our experience, access 
through a lower calyx into the upper and 
middle calyx was difficult and necessitates 
longer operative and fluoroscopy time. 

The overall stone-free rate in our study at the 
time of hospital discharge was 60.8% and 
increased to 86.3% by using auxiliary 
procedures postoperatively. This rate is lower 
than that reported by Rahman’s study (83% - 
90.8%) (14) and higher than that reported by El-
Nahas et al study (56.6%-72.7%) (12). 
PCNL should aim to achieve maximum stone 
clearance. The reasons for residual fragments 
are migration of a stone or stone fragments to 
an inaccessible calyx, termination of the 
procedure because of bleeding, complex 
anatomy increasing the technical difficulty, and 
inability to visualize the stone on fluoroscopy. 
The judicious use of auxiliary procedures 
(repeated PCNL, URS, ESWL) in the early 
postoperative period for removal of clinically 
significant stone fragments will improve the 
final stone clearance rate. Moreover, the 
combined use of rigid and flexible nephroscope 
(when available) facilitate stones retrieval 
through calyces that could not be negotiated 
by rigid nephroscope alone and the use of the 
flexible Holmium YAG laser fibers through 
flexible nephroscope will help in-situ 
disintegration of calyceal stones and improved 
the overall success rate (12,15). 
Stone free cases in our series were significantly 
higher among patients with small size stones 
and those located in one calyx (especially the 
lower calyx) because in such size & position 
there is less possibility of having residual 
fragments. While in staghorn stones with 
multiple large branches, percutaneous access 
to all the calyces was somehow difficult 
through one tract, that’s why the rate of 
residual stones was high. 
In this study, the overall complication rate was 
21.6%, which is lower than in Mousavi’s study 
(30.3%) (16). Fever was recorded in 9 (17.6%) 
patients, and all were treated conservatively 
with good antibiotics cover and delaying the 
withdrawal of the nephrostomy tube till the 
fever subsided. Transient post- operative fever 
occurs in up to 30% of patients after PCNL, 
which is usually related to duration of surgery 
and the amount of irrigation fluid used, but the 
rate of sepsis is much lower, ranging from 0% 
to 3% in patients covered with appropriate 
perioperative antibiotics (17). 
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Bleeding requiring blood transfusion has been 
reported to be 1% to 15% (6). It occurred in 6 
(11.8%) of our patients, with an average peri-
operative blood loss of 950 ml (estimated by 
calculating the blood content in the sucker 
bottle & the drainage bag), which is higher 
than in Rahman’s study (4.8%) (14). The risk of 
hemorrhagic complications requiring blood 
transfusion in our study was associated with a 
larger tract size (for large stones), renal pelvic 
perforation, and total blood loss. In most of the 
cases the bleeding was controlled by 
placement of the nephrostomy tube and/or 
clamping the nephrostomy tube to tamponade 
the bleeding, but in 2 cases the procedure was 
converted to open surgery. 
In PCNL, the overall pleural injury rate with 
supra-costal access was estimated to be 16%, 
compared to 4.5% with an infra-costal 
approach, and as many as 64% of patients with 
pleural injury require chest tube drainage (17). 
The only visceral injury in this series was a 
Pneumothorax which occurred in one (2%) 
patient, due to very highly placed kidney under 
the rib cage, which is comparable to the rate of 
pleural injury in Ullah’s study (1.9%) (9). This 
injury was successfully treated by a 
thoracostomy drain but the procedure 
converted to open one.  
The postoperative complications were found to 
be significantly associated with stone size as 
there was a tendency to higher grade 
complications in complex stones, which was 
similar to the findings in Abdelhafez’s study (10), 
because dealing with large stones need 
prolonged operative time, larger volumes of 
irrigation fluid and difficult manipulation with a 
higher possibility of perforation and bleeding 
(18,20). 
PCNL in a patient with previous renal surgery 
may take longer duration and lead to a higher 
percentage of auxiliary procedures (8,19), as in 
the current study, probably because of the scar 
tissue and anatomic changes in the kidney that 
lead to difficulties in tract dilation of 
perinephric space, in addition, intrarenal 
manipulation of stone will be more difficult. 
This study concluded that PCNL, though 
demanding, is an effective and reasonably safe 

procedure for the treatment of different renal 
stone burdens. 
In this study, size and position of stones in the 
calyceal system and past renal surgery were 
the main determinants of operative time, stone 
clearance, complication rate and the need for 
auxiliary procedures. 
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Abstract 
 
Background Prediabetes is determined on the bases of glycemic parameters, which are above normal but below 

diabetic thresholds. Prediabetes is associated with the presence of insulin resistance and β-cells 
dysfunction. N-acetyl cysteine (NAC), as a safe and inexpensive medication, is commercially 
accessible since long-time ago. This drug is not found in natural sources, although cysteine is 
present in some meals like chicken and turkey meats, garlic, yogurt, and eggs. NAC prevents 
apoptosis and oxygen related genotoxicity in endothelial cells by increasing intracellular levels of 
glutathione and decreasing mitochondrial membrane depolarization reaction. 

Objective To evaluate the effects of NAC administration on glucose homeostasis parameters in prediabetic 
patients. 

Methods This study included, 25 patients treated with dietary control and life style modifications for 12 
weeks, 25 patients treated with NAC (600 mg) oral tablets twice daily plus dietary control and life 
style modifications for 12 weeks. Other 20 in addition to 50 patients to have an idea about the 
normal values of study parameters and in order to assess how much the drug used in the study 
were able to normalize the abnormal parameters. 

Results NAC demonstrated a significant decrease in the fasting blood sugar, HbA1c, fasting Insulin and 
insulin resistance at the end of 12 weeks (P<0.05) compared with baseline measurements. 

Conclusion The results of the study showed that N-acetyl cysteine has an effective effect on glycemic control. 

Keywords Prediabetes , N-acetyl cysteine , glycemic control 
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List of abbreviations: AGEs = Advanced glycation end 
products, FPG = Fasting plasma glucose, GSH = Glutathione, HOMA = 
Homeostatic model assessment, IFG = Impaired fasting glucose, IGT = 
Impaired glucose tolerance, NAC = N-acetylcysteine, ROS = Reactive 
oxygen species 

 
Introduction 

rediabetes is determined on the bases of 
glycemic parameters which are above 
normal but below diabetes thresholds. It 

is a high risk state for diabetes with an 
estimated annual conversion rate of 5-10%; a 
similar proportion is converting back to 

normoglycemia (1). Prediabetes is associated 
with the presence of insulin resistance and β-
cell dysfunction. These abnormalities start 
before glucose changes are detectable (2). 
The high risk for developing diabetes is related 
to two states; impaired fasting glucose (IFG) 
(defined as fasting plasma glucose (FPG) of 5.7-
6.9 mmol/L in the absence of impaired glucose 
tolerance (IGT), and to IGT (defined as post-
load plasma glucose of 7.8-11.0 mmol/L based 
on 2-hour oral glucose tolerance test (OGTT) or 
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a combination of both (3). A lower cut-off value 
for IFG (FPG 5.6-6.9 mmol/L) is employed by 
the American Diabetes Association. In addition, 
it has introduced hemoglobin A1c levels of 5.7-
6.4% as a parameter of high diabetes risk (4). 
Combination of IFG and IGT marks a more 
advanced disturbance of glycemic homeostasis 
(5).  
The central mechanism that is responsible for 
risks in prediabetes is endothelial dysfunction 
due to the elevated formation of reactive 
oxygen species (ROS) and advanced glycation 
end products (AGEs) as well as increased lipid 
peroxidation under hyperglycemic conditions 
(6).  
N-acetyl cysteine (NAC), the acetylated variant 
of the amino acid L-cysteine, is an excellent 
source of sulfhydryl (SH) groups, and is 
converted in the body into metabolites capable 
of stimulating glutathione (GSH) synthesis, 

promoting detoxification, and acting directly as 
free radical scavengers (7). It is a powerful 
antioxidant and a potential treatment option 
for diseases characterized by the generation of 
free oxygen radicals (8). 
The objectives of this study was to evaluate the 
effects of NAC administration on glucose 
homeostasis parameters in prediabetic 
patients. 
 
Methods 
Study design 
The current study was conducted on 50 
prediabetic patients (31 males, 19 females) 
their ages from 30-65 year were seen in Al-
Sader Teaching Hospital. The patients were 
diagnosed clinically by physician as having 
prediabetes. Criteria for the diagnosis of 
prediabetes and diabetes (9) is shown in table 1. 
 

 
Table 1. Criteria for the diagnosis of prediabetes and diabetes 

 
 Prediabetes Diabetes 

A1C 5.7-6.4% ≥6.5%** 
FPG 100-125 mg/dL (5.6-6.9 mmol/L) ≥126 mg/dL (7.0 mmol/L)** 

OGTT* 140-199 mg/dL (7.8-11.0 mmol/L) ≥200 mg/dL (11.1 mmol/L)** 
RPG  ≥200 mg/dL (11.1 mmol/L)*** 

* 2-hour plasma glucose value after a 75-g OGTT 
** Confirm results with repeating testing 
*** Diagnotic in patients with established symptoms of hyperglycemia 
A1C: Glycated hemoglobin, FPG: Fasting plasma glucose, OGTT: oral glucose tolerance test, RPG: random plasma 
glucose 

 
To have an idea about the normal values of 
study parameters and in order to assess how 
much the drug used in the study were able to 
normalize the abnormal parameters, other 20 
patients was added to 50 patients.  
 
Patients 
This study included, 25 patients treated with 
dietary control and life style modifications for 
12 weeks, 25 patients treated with NAC (600 
mg) oral tablets twice daily plus dietary control 
and life style modifications for 12 weeks.  
 
 
 

Sample collection and preparation 
After 12 hours fasting, blood samples were 
collected from all patients and healthy subjects 
by venipuncture (10 mL), before starting drug 
treatment (as zero time) then after 12 weeks of 
treatment to follow up the changes in the 
studied parameters. Blood samples were 
divided into two tubes, one heparinized tube (1 
mL of whole blood used for HbA1c 
determination) and the other part was 
collected in plane tube, then centrifuged at 
3000 rpm for 10 min at 4 °C. After 
centrifugation and isolation of cellular fraction; 
the obtained plasma fraction was divided into 
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two parts in Eppendorf tubes and stored frozen 
until analysis performed.  
 
Measurement of glycemic control  
Fasting blood glucose Level (FBS) 
Serum glucose level was evaluated using a 
ready-made kit for this purpose, according to 
the method of (10), which is based on enzymatic 
oxidation of glucose to form glucuronic acid 
and hydrogen peroxide, and the reaction of the 
later with phenol and formation of 
quinonimine was followed 
spectrophotometrically at 505 nm. Results 
were expressed as mg/dL, based on 
comparison with a standard glucose solution 
treated with same method.  
 
Glycated Hemoglobin (HbA1c) 
The Bio-Rad VARIANTT Mhemoglobin A1C 
program is intended for the determination of 
HbA1c in human whole blood using the 
principles of ion exchange high performance 
liquid chromatography (HPLC) for the 
automatic and accurate separation of 
hemoglobin A1c (HbA1c). It is fully automated 
assay using HPLC technology to deliver precise 
and accurate HbA1c results. Program offers a 
simple preparation followed by automatic 
sampling, and an analysis time of three 
minutes per sample. Preceding analysis, a 
simple preparation of the sample is required to 
hemolyze and remove labile A1C. Samples are 
first diluted with hemolytic reagent and then 
incubated at 18-28Co for a minimum of 30 min. 
The VARIANTS II dual-piston pumps deliver 
programmed buffer gradients of increasing 
ionic strength to the analytical cartridge. 
Prepared samples are automatically injected 
into analytical cartridge where the hemoglobin 
is separated based on their ionic interaction 
with the material. The separated hemoglobin 
then passes through the flow cell of the filter 
photometer, where changes in the absorbance 
at 415 nm are measured. A chromatogram of 
the changes in the absorbance is plotted versus 
the retention time. This chromatogram helps in 
result interpretation (11).  
 
 

Serum Insulin levels 
The Demeditec insulin ELISA (enzyme-linked 
immunosorbent assay) is a solid phase ELISA 
based on sandwich principle. The microtiter 
wells are coated with a monoclonal antibody 
directed towards a unique antigenic site on the 
insulin molecule. An aliquot of patient sample 
containing endogenous insulin is incubated in 
the coated well with enzyme conjugate, which 
is anti-insulin antibody conjugated with Biotin. 
After incubation the unbound conjugate is 
washed off. During the second incubation step 
Streptavidin –Peroxidase –Enzyme complex 
binds to the biotin-anti-insulin-antibody. The 
mount of horseradish peroxidase (HRP) 
complex is proportional to the concentration of 
insulin in the sample. Having added the 
substrate solution, the intensity of the color 
developed is proportional to the concentration 
of Insulin in the patient sample. The result 
expressed as uU/mL.  
 
Insulin resistance 
The homeostatic model assessment (HOMA) 
model is simple and accessible measurement 
method for the evaluation of insulin sensitivity 
and consider as a model of interactions 
between glucose and insulin dynamics that is 
then used to predict fasting steady-state 
glucose and insulin concentrations for a wide 
range of possible combinations of insulin 
resistance and β-cell function. Both the original 
HOMA and the updated HOMA2 assume a 
feedback loop between the liver and β-cell 
(12,13) glucose concentrations are regulated by 
insulin-dependent HGP, whereas insulin levels 
depend on the pancreatic β-cell response to 
glucose concentrations. Thus, deficient β-cell 
function reflects a diminished response of β-
cell to glucose-stimulated insulin secretion. 
Likewise, insulin resistance is reflected by 
diminished suppressive effect of insulin on 
glucose production. HOMA describes this 
glucose insulin homeostasis by a set of 
empirically derived nonlinear equations. The 
model predicts fasting steady state levels of 
plasma glucose and insulin for any given 
combination of pancreatic β-cell function and 
insulin sensitivity (14). The approximating 
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equation for IR has been simplified and uses a 
fasting plasma sample in which glucose (fasting 
plasma glucose; FPG) and insulin (fasting 
plasma insulin; FPI) are measured, together 
with a constant. The product of FPG×FPI is an 
index of IR.  

HOMA-IR = (glucose × insulin)/405. 
Insulin concentration is reported in uU/mL and 
glucose in mg/dL. The constant of 405 is a 
normalizing factor, i.e. normal FPI of 5 uU/mL × 
the normal FPG of 81 mg/dL typical of a 
'normal' healthy individual = 405. Therefore, 
for an individual with “normal” insulin 
sensitivity, HOMA-IR =1. 
 
Statistical analysis 
Paired Student’s t test was used to compare 
values obtained before and after treatment 
administration within each group while 
independent sample t tests were used for 
between all patients and healthy subjects. 
Multiple comparisons were also carried out by 
using Analysis of variance (ANOVA) with least 
significant difference (LSD) post-hoc testing to 
compare changes in variables between groups 
before and after the 12 weeks' treatment 
period. Data are presented as mean ± Standard 

deviation (SD). For all statistical analyses, 
P<0.05 was considered statistically significant 
using a two-tailed test. Statistical analysis of 
data was performed using the Statistical 
Package for Social Sciences software version 
16.0 (15). 
    
Results 
Comparison of patients with prediabetic and 
healthy subjects with respect to different 
parameters 
In healthy group, the mean±SD for FBS, HbA1c, 
fasting serum insulin, insulin resistance were 
83.42±9.73, 5.12±0.06, 11.14±1.23 and 2.84 
±0.71 respectively. 
In patients group the mean±SD for FBS, HbA1c, 
fasting serum insulin, insulin resistance were 
119.42±5.56, 6.14±0.09, 13.54±1.89 and 
3.99±0.6 respectively. Unpaired t-test was used 
to compare the baseline characters between 
the healthy and prediabetic patients group, 
revealed that were significant differences in 
FBS, HbA1c, fasting serum insulin and insulin 
resistance (p<0.001) levels between both 
groups as shown in table 2.  

 
Table 2. Comparison of different parameters of prediabetic patients to that of healthy subjects 

at baseline 
 

Parameters Patients Healthy 
P value 

 Mean ±SD Mean ±SD 

FBS (mg/dL) 119.42 5.56 83.42 9.73 0.001 
HbA1c % 6.14 0.09 5.12 0.06 0.001 

Fasting Insulin (?) 13.54 1.89 11.14 1.23 0.001 
In. resistance 3.99 0.6 2.84 0.71 0.001 

 
 
Effect of study treatment on (FBS, HbA1c, 
fasting insulin and insulin resistance) 
Study treatment demonstrated a significant 
decrease in the FBS, HbA1c, fasting insulin and 
insulin resistance at the end of 12 weeks 
(P<0.05) compared with baseline 

measurements. In comparing with control 
group, the reductions in FBS, HbA1c, fasting 
insulin and in insulin resistance was 
significantly at week 12 of the study (P<0.05) as 
shown in table 3 and figure 1. 
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Table 3. Effect of study treatment on (Fasting blood glucose, HbA1c, fasting insulin and insulin 
resistance) after 12 weeks' treatments in study group and multiple comparison of the change 

from baseline 
 

Groups 
Parameters       

Control      N-acetyl cysteine (NAC) 

Mean ±SD mean ±SD 

FB
S 

Baseline 118.12 5.42 121.19 5.32 
12 weeks 107.25* 4.97 106.13* 5.14 

ΔF.B.S -10.87 1.22 -15.06a 1.87 

H
b

A
1

c Baseline 6.22 0.084 6.19 0.092 
12 weeks 6.1* 0.081 5.63* 0.093 
ΔHbA1c -0.09 0.022 -0.56a 0.019 

Fa
st

. 
In

 Baseline 12.44 1.17 12.35 1.31 
12 weeks 11.09* 1.13 9.91* 0.97 
ΔFast.In -1.35 0.14 -2.44a 0.16 

In
. 

re
si

s Baseline 3.61 0.34 3.69 0.34 
12 weeks 2.94* 0.33 2.59** 0.31 
Δ In. resis -0.67 0.07 -1.1a 0.03 

Fast. In: Fasting Insulin, In. resis: Insulin resistance 
*=statistically significant (P<0.05) difference after 12 weeks compared with the baseline by using paired t-test 
**= statistically highly significant (P<0.001) difference after 12 weeks compared with the baseline by using paired 
t-test 
a= statistically significant (P<0.05) difference after 12 weeks compared with control group using ANOVA post hoc 
test or unpaired t-test 
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Figure 1. F.B.S, HbA1c, Fast. In and In. resi before and after 12 week of the study treatment 
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Discussion 
Study treatment demonstrated a significant 
decrease in the FBS, HbA1c, fasting insulin and 
insulin resistance at the end of 12 weeks 
(P<0.05) compared with baseline 
measurements.  
The NAC is the acetylated precursor of both 
amino acid L-cysteine and reduced glutathione. 
It has been shown to have proven activity on 
insulin secretion in pancreatic cells, as well as 
on the regulation of the insulin receptor in 
human erythrocytes (16). The peak plasma level 
of NAC is attained 1 hour after an oral dose and 
it disappears from the plasma after 12 hours. 
The biological activity of NAC is attributed to its 
sulfhydryl group, which enhances glutathione-
S-transferees activity aiding in the protection of 
all cells and membranes The activity of NAC on 
insulin secretion in pancreatic-cells, as well as 
on the regulation of the insulin receptor in 
human erythrocytes (17). It increases the 
cellularlevels of reduced glutathione (GSH), an 
antioxidant, which has been shown to 
influence insulin receptor activity in vivo. 
Diabetics frequently experience glutathione 
deficiency, and NAC was shown that it 
improves endothelial cell function in such 
patients (18). According to an intraperitoneal 
glucose tolerance test in mice, treatment with 
NAC retained glucose-stimulated insulin 
secretion and moderately decreased blood 
glucose levels. Vitamins C and Ε were not 
effective when used alone but slightly effective 
when used in combination with NAC (19). 
Further, it is suggested that NAC might protect 
against oxidant-related upregulation of 
endothelial adhesion molecules and slow down 
the progression of vascular damage in non-
insulin dependent diabetes (20). The antioxidant 
status is poor in non-insulin dependent 
diabetes mellitus. NAC, as an effective radical 
scavenger could be a valuable adjunct 
treatment in diabetic patients, but further 
studies are required to confirm these findings. 
Supplementation with antioxidants as a 
promising complementary treatment can exert 
beneficial effects in diabetes (20).  
According to the results presented in this study 
it is easy to conclude that the administration of 
NAC could improve glycemic control with 

consequent beneficial effects on oxidative 
stress in prediabetic patients, may be through 
mechanisms of up regulating peripheral tissue 
responses to the available insulin at receptor 
levels in association with potent antioxidant 
effects. 
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Abstract 
 
Background Many studies defined the association between vitamin D and breast cancer. The relation between 

human epidermal growth factor receptor 2 (Her2/nue), estrogen or progesterone receptors and 
vitamin D in breast cancer patients was not clear, since few studies was conducted. 

Objective To find out the association of deficiency of vitamin D and breast cancer. The effect of Her2/neu, 
estrogen, and progesterone receptors on vitamin D in the breast cancer patients was also studied. 

Methods Forty patients with benign breast lump as a control group and 40 patients with breast cancer early 
diagnosed were included in the study. Blood samples (5 mL) were taken from the control and 
patient groups and analyzed for serum 25-hydroxyvitamin D by using chemiluminescent 
immunoassay technology. Serum cancer antigen (CA15-3) was measured by using monoclonal 
antibodies against CA15-3. HER2/neu, estrogen and progesterone receptors were determined in 
breast cancer patients by immunochemical method. 

Results Serum vitamin D in the breast cancer patients before surgery was significantly lower (p ≤ 0.05) than 
that in the control group. Preoperatively, serum CA15-3 in Her2/neu positive patients was 
significantly (p ≤ 0.05) higher than that in Her2/neu negative patients. Postoperatively, serum 
CA15-3 in Her2/neu positive patients was not significantly different from that in Her2/neu negative 
patients. Serum vitamin D, after surgery, in Her2/neu positive patients was not significantly 
different from that in Her2/neu negative patients. Serum vitamin D was not significantly different in 
estrogen and progesterone positive patients from that in estrogen and progesterone negative 
patients, respectively. 

Conclusion Severe deficiency of vitamin D was noticed in breast cancer patients in Iraq, and mild deficiency in 
benign subjects. Serum CA15-3 was higher in positive Her2/neu than negative patients before 
operation. Her2/neu, estrogen and progesterone positive receptors have no effect on serum 
vitamin D level in breast cancer patients. 
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Introduction 

he association of vitamin D with calcium 
hemostasis is elucidated for decades, 
vitamin D also plays a role on other 
disease states such as metabolic 
syndrome, type 2 diabetes, and systemic 

hypertension (1). Serum vitamin D deficiency 
was significantly associated to colorectal, 
breast and prostate cancer risk (2). Relation of 
breast cancer risk and vitamin D status has 
been defined in many studies but the true 
association is still not understood and needs 
further research (3,4). Preclinical and some 
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clinical studies strongly suggest that vitamin D 
deficiency increased risk of developing cancer 
and that avoiding deficiency and adding 
vitamin D supplements outcome reduced risk 
of breast cancer (5). Accordingly, it is 
recommended to maintain vitamin D store in 
breast cancer survivors (6).  However, high 25-
hydroxyvitamin D was weakly associated with 
low risk of breast cancer (7). Further studies are 
needed to clarify the potential role of vitamin D 
and breast cancer risk (8). 
High hypovitaminosis D was found in many 
countries including USA, China, and Iran (9-11). In 
Europe vitamin D deficiency was less 
prominent than other countries (12). The indoor 
life and the dressing style play an important 
role for vitamin D deficiency in Iraq, even with 
the sunny weather during most of the year. 
Therefore, measurement of serum vitamin D 
should be considered and made regularly. 
Few studies were managed to find out the 
relation of vitamin D and human epidermal 
growth factor receptor 2 (Her2/neu) (13). 
Vitamin D supplementation improved the life 
of breast cancer patients with Her2/neu 
positive (14).  
This work was conducted in order to evaluate 
the association of vitamin D and breast cancer. 
The effect of Her2/neu, estrogen and 
progesterone positive receptors on serum 
vitamin D level in the breast cancer patients 
was also studied. 
 
Methods 
This study was conducted at Nineveh Medical 
Center and Al-Jammhory Teaching Hospital, 
Mosul, Iraq during the period from February 

2013 to Jun 2013. Eighty patients were divided 
into two groups according to their presentation 
into: 40 patients with benign breast lump with 
mean age 34.45 ± SD: 10.45 years and 40 
patients with breast cancer early diagnosed 
with mean age 44.85 ± SD: 10.73 years. Blood 
samples (5 mL) were taken from the patients 
before surgery and from the control subjects 
and analyzed for serum 25-hydroxyvitamin D 
by chemiluminescent immunoassay technology 
(Liaison instrument, DiaSorin Company, 
Germany). Kit by serum cancer antigen (CA15-
3) was also measured in the breast cancer 
patients by immunochemical method by using 
monoclonal antibodies against CA15-3 
(Minividas, USA, Kids by Biomerieux Company, 
France). HER2/neu, estrogen and progesterone 
receptors were determined in breast cancer 
patients by immunochemical method (Dako 
Company, Denmark). 
Data are presented as mean ± SD and were 
analyzed by using non-paired t-test. p values ≤ 
0.05 were considered significant. Statistical 
analysis was performed by using SPSS version 
16. 
 
Results 
The breast cancer patients suffered from 
severe deficiency in serum vitamin D, while the 
control (benign breast lump) suffered from 
mild deficiency. This classification of severe 
and moderate is according to the American 
College of Cardiology (1). Serum vitamin D 
before surgery in the breast cancer patients 
was significantly (p ≤ 0.05) lower than that in 
the benign breast lump subject (Table 1). 

 
 

Table 1. Serum vitamin D in patients with breast cancer and in subjects with benign breast lump 
 

 
 

Variables 
Benign breast lump 

subjects (n=40) 
Breast cancer patients  

(n=40) 
p-value 

Vitamin D ng/mL 18.39 ± 4.11 7.31 ± 2.93 ≤ 0.05 



Al-Saigh, Serum 25-hydroxyvitamin D in Breast Cancer 

402 
 

 

Preoperatively, serum CA15-3 in Her2/neu 
positive patients was significantly (p ≤ 0.05) 
higher than that in Her2/neu negative patients. 
Postoperatively, serum CA15-3 in Her2/neu 
positive patients was not significantly different 
from that in Her2/neu negative patients. Serum 
vitamin D in Her2/neu positive patients was 

not significantly different from that in 
Her2/neu negative patients (Table 2). 
Serum vitamin D was not significantly different 
in estrogen and progesterone positive patients 
from that in estrogen and progesterone 
negative patients, respectively (Data not 
shown). 

Table 2. Serum cancer antigen 15-3 pre-operative and post-operative, vitamin D in patients with 
positive human epidermal receptor and negative human epidermal receptor in breast cancer 

 

Variables 
HER2/neu positive 

N=24 
HER2/neu negative 

N=16 
p–value 

CA 15-3  pre-operative 48.42 ± 16.74 41.88 ± 10.3 ≤ 0.05 
CA 15-3  post-operative 27.33 ± 11.43 23.19 ± 7.74 N S 

Vitamin D  ng/mL 7.64 ± 3.42 6.82 ± 2.01 N S 

Discussion 
In the present study, serum vitamin D in the 
breast cancer patients before surgery was 
significantly lower than that in the control 
subjects. The results are consistent with other 
workers (15). Vitamin D deficiency is correlated 
with poor outcome of patients with breast 
cancer (7). In addition, high vitamin D levels 
correlated with low tumor size and high better 
survivals (16).  
In the present study, breast cancer patients 
suffered from severe deficiency in serum 
vitamin D, while the control group (benign 
breast) suffered from mild deficiency.  
Alipour et al. found that severe vitamin D 
deficiency produces three folds' increase in the 
risk of breast cancer patients, the median 
serum vitamin D level was higher in the control 
subjects, lower in benign mass and the lowest 
in breast cancer patients (17). 
In this study, CA15-3 in Her2/neu positive 
patients was higher than that in the negative 
patients. Hashim (18) also noticed high CA15-3 
in Her2/neu positive patients. Serum Her2/neu 
and CA15-3 were useful marker for 
aggressiveness of breast cancer (19). Serum 
CA15-3 level was significantly higher in the 
breast cancer patients compared with the 

control group, and this level dropped after 
surgery (19).         
No significant difference between Her2/neu 
positive and negative for the present serum 
vitamin D. The 25-hydroxyvitamin D 
concentration was inversely associated with 
prognosis of patients with cancer estrogen 
positive but not with Her2/neu positive (20). 
Furthermore, in disease free survival of breast 
cancer women, vitamin D deficiency had 
negative correlation related to Her2/neu 
receptor expression (21).  
No significant difference between estrogen or 
progesterone positive or negative receptors for 
serum vitamin D was noticed in this work. Cell 
culture strongly support and in vivo data in 
mice that vitamin D would play a beneficial role 
in prevention of estrogen positive breast 
cancer (22). Calcitriol suppresses estrogen 
expression and estrogen mediated signaling 
(23). Vitamin D down regulate estrogen receptor 
and thereby attenuates estrogen signaling in 
breast cancer (24). However, deficiency of 
vitamin D levels were shown to be a risk factor 
estrogen negative tumor (25). 
In conclusion, severe deficiency of vitamin D 
was noticed in breast cancer patients in Iraq, 
and mild deficiency in benign subjects. Serum 
CA15-3 was higher in positive Her2/neu than 
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negative patients before operation. No 
relationship was measured between positive 
receptors of Her2/neu, estrogen or 
progesterone, and serum vitamin D in breast 
cancer patients. 
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Abstract 
 
Background Persistent infection with multidrug resistant Pseudomonas aeruginosa (P. aeruginosa) represents a 

real problem for health care providers. Bacteriophage lytic enzymes or lysins are highly evolved 
molecules that have been specifically developed by phages to quickly and efficiently allow their 
progeny to be released from the host bacterium while destructing that bacterium. 

Objective Isolation of endolysin from P. aeruginosa bacteriophages, and administering them systematically in 
vivo lab animal and measuring their therapeutic efficacy as well as evaluation of their biosafety. 

Methods This study was performed from March 2015 – August 2017, during which 50 bacteriological samples 
of P. aeruginosa were collected, and examined for their antibiogram, then bacteriophage cocktails 
were done for 5 resistant strains of them. Endolysins were extracted from their corresponding 
bacteriophages and characterized. The enzymatic and antibacterial activities as well in vivo 
therapeutic efficiency of these enzymes were investigated. 

Results This study showed that the extracted endolysin from these bacteriophages was effective in treating 
laboratory mice from bacteremia with P. aeruginosa and saving their lives when injected 
intraperitoneal. 

Conclusion Endolysin can be extracted directly from their bacteriophages  and used effectively in proper doses 
to treat bacteremia in mice. 

Keywords Pseudomonas aeruginosa, bacteriophage, endolysin, MDR 
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List of abbreviations: EDTA = Ethylenediaminetetra acetic 
acid, LB = Luria–Bertani broth, MDR = Multi-drug resistant, OD = 
Optical density, P = Pseudomonas, PBS = Phosphate buffer saline, pP = 
Phage to Pseudomonas aeruginosa 

 
Introduction 

acterial infections are responsible for 
significant morbidity and mortality in 
clinical settings (1). Many infections that 

would have been cured easily by antibiotics in 
the past now are resistant, resulting in sicker 
patients and longer hospitalizations. The 

endolysins of the bacteriophages are highly 
evolved molecules that have been specifically 
developed by phages to quickly and efficiently 
allow their progeny to be released from the 
host bacterium. These enzymes damage the 
bacterial cell wall’s integrity by hydrolyzing the 
four major bonds in its peptidoglycan 
component (2). The endolysins that have been 
characterized are amidases; usually do not 
have signal sequences to translocate them 
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through the cytoplasmic membrane and cleave 
their substrate in the peptidoglycan. Instead, 
the endolysins’ translocation is controlled by a 
second phage gene products called holins (3). 
During the bacteriophages development in the 
infected bacterium, endolysin accumulates in 
the cytoplasm until bacteriophage maturation. 
During a specific time genetically controlled, 
holin molecules, which inserted in the 
cytoplasmic membrane are activated, resulting 
in the formation of pores so the preformed 
endolysin in the cytoplasm can access the 
peptidoglycan, there-by causing cell lysis and 
the release of the new bacteriophages (4). 
Bacteriophages are able to lyse their targeted 
bacterial hosts, a fact that has been known for 
almost a century, and since the late 1910s 
bacteriophages have been used to prevent and 
treat human and animal diseases of bacterial 
origin. However, bacteriophage-encoded 
enzymes have only newly begun to be used for 
various applications; e.g.: reducing bacterial 
contamination in dairy products and the 
preparation of bacterial vaccines (5,6).  
The current study aimed to isolate endolysin 
from P. aeruginosa bacteriophages, and 
evaluate their therapeutic efficacy as well as 
their biosafety in lab animals. 
 
Methods 
Samples of bacteria were collected from Al-
Imamein Al-Kadhimein Medical City. A total of 
50 different P. aeruginosa isolates were 
collected from Bacteriology laboratory. The 
specimens were collected from hospitalized 
patients and outpatients suffering from severe 
urinary tract infection, otitis media, skin 
infection, and septicemia. The specimens were 
cultured in screw universal tubes containing 
nutrient broth wrapped by parafilm or by using 
sterile swabs; both were put in ice bags and 
were transferred at the same day to the 
laboratory of Microbiology Department in the 
College of Medicine, Al-Nahrain University to 
be subcultured on nutrient agar or stored in 
refrigerator at 4 0C for 24 h (7). 
Different crude samples for phage isolation 
were obtained from different regions in 

Baghdad including sewage (30-40 ml), waste 
water (30-40 ml), feces of sheep (20 gm), 
chicken litter (15-20 gm), swab from surgical 
lounges during the period from January 2015 
to June 2015. The samples were put in clean 
test tubes wrapped by parafilm in ice bag and 
transported to the laboratory in the same day. 
Each sample was divided into two aliquots; one 
was stored in the refrigerator at 40 °C until be 
used and the other   was worked at the same 
day.                                        
Stored specimens were plated on nutrient agar 
by streaking method. P. aeruginosa formed 
smooth round colonies with a fluorescent 
greenish color on nutrient agar. Single colonies 
of P. aeruginosa from a growing stock were re-
cultured by ABC streaking on nutrient agar 
plates in order to isolate single discrete 
colonies. Then, a battery of diagnostic 
approaches was pursued for the diagnosis of 
Pseudomonas bacteria including oxidase test, 
Gram staining, microscopical examination and 
Luria broth. This media was prepared according 
to the manufacturing instructions and sterilized 
by autoclaving at 121 °C for 15 min. Diagnosis 
of the isolated bacteria relied first on oxidase 
test.  Oxidase positive isolates suggests 
Pseudomonas species, microscopic 
examination (rod shaped bacteria), Gram 
staining (Gram-negative rods) confirm the 
presence of P. aeruginosa. The bacteria were 
stocked in Luria–Bertani broth containing 
glycerol (30% v⁄v) and preserved at -20 °C. 
Primary phages are those phages that were 
isolated from environmental specimens when 
were mixed with target bacteria. The 
procedure of isolating and propagating primary 
phages was done according to the 
methodology conducted in a patent concerned 
with phage isolation (8). 
Virulent phages were screened by phage 
spotting test on a nutrient-agar. Phage spotting 
can be used to provide a first approximation of 
the ability of a phage to lyse certain bacterial 
isolates. The formation of clear zones suggests 
the presence of lytic phages (9). 
The therapeutic effect of extracted endolysin 
was evaluated by using three groups of mice (2 
months' age, weighed 25±1.5 g/mice) for each 
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bacterium (P. aeruginosa), each group was 
composed of 5 mice. 
The first two groups of mice received 
intraperitoneal (IP) injections of 400 µl aliquots 
of bacterial suspension at concentration 108 
CFU/ml, one of these groups was treated with 
0.4 ml of 20 µg/ml of Pseudomonas specific 
endolysin, which was injected 3h after the 
bacterial challenge in order to evaluate the 
ability of administered endolysin to rescue the 
tested bacteremic mice from the inevitable 
fate of death by the bacterial infection (9). On 
the other hand, the third group received only 

IP injection with 0.4 ml of 20 µg/ml of 
Pseudomonas specific endolysin without 
bacterial infection. 
After disinfecting the area of injection by 70% 
alcohol, the first and second groups of mice 
were injected IP with 108 CFU/ml of the 
bacterial isolate. Then, every hour interval, the 
mice of control, test, and endolysin only groups 
were monitored for their health and physical 
activities and timely health score was recorded. 
According to (Biswas) (10), certain health scoring 
system was used as shown in table (1). 
 

 
Table 1. The health scoring system of bacteremic mice 

 
 Health signs  Health level 

Normal and unremarkable condition 5 
Slight illness(lethargy and ruffled fur) 4 

Moderate illness(severe lethargy, ruffled fur, and hunched back) 3 
Sever illness (severe lethargy, ruffled fur, hunched back,  and exudative 

accumulation around partially closed eyes) 
2 

Moribund state 1 
Death 0 

 
Results 
In this study, three phages active against P. 
aeruginosa were isolated and purified. All of 
the isolated phages formed visible plaques in 
the early stage when tested on bacterial lawn 

of specific MDRs P. aeruginosa. They were 
isolated directly from environment by showing 
lysis on bacterial lawns as shown in figure (1).

 

 
 

Figure 1. Phage spot assay of bacteriophage to Pseudomonas aeruginosa 
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Characteristics of these phages were 
determined by the diameter, clarity/turbidity, 
margin cut, and shape of their plaques. The size 

of plaques ranged between 1.5-2.6 mm. The 
morphological characteristics of the plaques 
are shown in table (2). 

 
Table 2. The plaque characteristics of the isolated phages to MDR Pseudomonas aeruginosa 

bacteria 
 

Bacteriophage 
isolates 

Plaques Size   
(mm) 

Margin cut 
Plaques 
clarity 

Plaques 
shape 

pP1 1.5 Irregular Clear Circular 
pP2 2.6 Irregular Semi-clear Oval 
pP3 1.8 Irregular Semi-clear Circular 

        pP: phage to Pseudomonas aeruginosa 

 
Endolysin was successfully extracted from all 
the three P. aeruginosa bacteriophages using 
sephadex G100 column chromatography. After 
sephadex G100 chromatography, each 
bacteriophage lysate gave eight aliquots of 0.5 

ml eluted fluid fractions in Eppendrof tubes, 
one of them showed positive result on 
corresponding bacterial lawns as shown in 
table (3). 

 
Table 3. The fraction that endolysin like activity was found for each bacteriophage 

 

Bacteriophage Endolysin positive tube 

pP1 2nd   
pP2 3rd   
pP3 2nd   

        pP: phage to Pseudomonas aeruginosa 
 

 
The optical density of bacterial broth for each 
bacteria was measured initially once at zero 
time, just before the addition of corresponding 
endolysin. After the addition of the purified 
endolysin, three days after their extraction, 
with the concentrations (25, 40, 20 µg/ml), the 
optical density was measured every five 
minutes till one hour. The optical density of the 
tested bacterial broth was obviously decreasing 
with time as shown in table (4 a and b). 
The result of this experiment showed that the 
health score of the first group (five mice 

injected with bacteria alone) started to 
decrease after two hours, afterwards the 
health score declined progressively. They died 
after eight hours. On the other hand, the 
second group (five mice injected with bacteria 
and endolysin) lived for more than four weeks 
with full physical activity and the third group 
(five mice injected with endolysin alone) also 
lived for more than four weeks with full 
physical activity.as shown in tables (5) and (6).
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Table 4a. Changes of optical density of bacterial broth with endolysin addition 
 

Time (min.) OD of P1* OD of P2 OD of P3 

0 1.34 1.34 1.34 
5 1.3 1.32 1.29 

10 1.25 1.27 1.24 
15 1.21 1.24 1.16 
20 1.12 1.19 1.09 
25 1.05 1.14 1.02 
30 0.96 1.07 0.94 
35 0.85 0.98 0.85 
40 0.76 0.92 0.74 
45 0.64 0.83 0.63 
50 0.56 0.74 0.5 
55 0.52 0.65 0.46 
60 0.49 0.56 0.43 

Δ OD/ min 0.014 0.013 0.015 
*: net OD of P1-3 after deducting OD of the broth only (0.46) 
OD: optical density, P: Pseudomonas aeruginosa 

 

 
 

Table 4b. Pace of OD change every 5 minutes 
 

Time (min.) Δ OD of P1 Δ OD of P2 Δ OD of P3 

5 0.04 0.02 0.05 
10 0.05 0.05 0.05 
15 0.04 0.03 0.08 
20 0.09 0.05 0.07 
25 0.07 0.05 0.07 
30 0.09 0.07 0.08 
35 0.11 0.09 0.09 
40 0.09 0.06 0.11 
45 0.12 0.09 0.11 
50 0.08 0.09 0.13 
55 0.04 0.09 0.04 
60 0.03 0.09 0.03 
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Table 5. Health score of mice injected with bacteria alone or with endolysin 
 

 
Hours 

Health scores 
bacteremic 

group 1 

Median of 
health 

scores of 
bacteremic 

group 1 

Health 
scores of 

test group 2 
(bacteria + 
endolysin) 

Median of health 
scores of test 

group 2 
(bacteria + 
endolysin) 

P value 
(Mann 

Whitney 
test) 

0 h 5,5,5,5,5 5 5,5,5,5,5 5 0.920 
2 h 3,3,4,3,2 3 3,4,3,3,4 3 0.465 
4 h 3,2,3,3,1 3 5,5,4,4,5 5 0.012 
6 h 1,1,1,1,0 1 5,5,5,5,5 5 0.012 

8 h 0,0,0,0,0 0 5,5,5,5,5 5 0.012 

 
 

Table 6. Health Score of mice Injected with endolysin alone or nothing 
 

 
Hours 

Health scores 
endolysin only 

group 3 

Median of health 
scores of 

endolysin only 
group 3 

Health 
scores of 
healthy 
group 4 

Median of health 
scores of healthy 

group 4 

P value 
(Mann 

Whitney 
test) 

0 h 5,5,5,5,5 5 5,5,5,5,5 5 0.920 

2 h 5,5,5,5,5 5 5,5,5,4,5 5 0.674 
4 h 5,5,5,5,5 5 5,5,4,4,5 5 0.347 
6 h 5,5,5,5,5 5 5,5,5,5,5 5 0.920 
8 h 5,5,5,5,5 5 5,5,5,5,5 5 0.920 

 

Discussion 
Phage lysin therapy is a possible alternative to 
antibiotics for the treatment of bacterial 
infections. Indeed, it has proven to be 
medically superior to antibiotic therapy (12,13). 
The results of the current research support this 
notion, as phage lysin was shown to be highly 
efficacious against infections caused by 
inoculation with antibiotic-resistant P. 
aeruginosa. 
In this study, three phages for different P. 
aeruginosa were isolated and characterized. 
The phages demonstrated high lytic activity 
underscoring its great potential to treat 
infections with these bacteria. The experiments 
presented here revealed that a single 
intraperitoneal injection of the corresponding 
lysin rescued mice from death due to P. 
aeruginosa even when bacteremia was already 
well established, and it was observed that 
effective protection was achieved in mice when 

a single dose of a specific endolysin was 
administered two hours after inoculation of P. 
aeruginosa. 
The results obtained in this experiments are 
encouraging, since these findings and those of 
others support the development in a near 
future of modified procedures to improve the 
use of lysins in a more efficient way. For 
example, intravenous administration of the 
enzymes may confer a superior protection to 
animals when used later after the challenge. 
Most interestingly, a single intraperitoneal 
injection of endolysin was sufficient for a 
complete cure of mice. provides a rapid and 
specific lytic activity, making these proteins 
very promising candidates in current 
antimicrobial therapies (14). 
This study shows that bacteriophage lysins 
from P. aeruginosa can be used to efficiently 
reduce the bacterial burden of these bacteria, 
which are multidrug resistant, both in vitro and 
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in vivo, and this study emphasizes the potential 
therapeutic role of phage lysins for treatment 
of Gram-negative bacterial infections.  
Animal studies have generally supported the 
utility and safety of endolysin phage therapy 
against bacterial pathogens, such as P. 
aeruginosa (15).  
The route of endolysin phage administration 
was particularly important to the efficacy of 
the treatment. Intraperitoneal route provides 
significant protection similar to that of 
intravenous route. It was stated that endolysin 
for P. aeruginosa phages administered by the 
IP route are distributed, in high titers, more 
rapidly and delivered for a more sustained 
period of time to all of the tissues (15).  
Actually using a severe model of sepsis that 
leads to 100% lethality of mice in less than 24 h 
is a difficult challenge for every imaginable 
antibacterial agent. Two hours after bacterial 
injection, health score of mice began to decline 
progressively; A single injection of endolysin, 
rescued 100% of MDR P. aeruginosa septicemic 
mice. Thus, this study showed that endolysin 
administered in a single dose 2 h post bacterial 
infection resulted in 100% survival of treated 
mice when compared to the control group.  
This study concluded that endolysin can be 
extracted directly from their bacteriophages 
and used by injection of mice with bacteremia 
with the proper dose of the extracted 
endolysin of the corresponding bacteriophages 
which was effective in all of them. 
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Comparing Dialysis Patients According to Estimated Glomerular 
Filtration Rate at Dialysis Initiation and Five Years Outcome 
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Abstract 
 
Background It is not clear on which level of estimated glomerular filtration rate to start dialysis until now. 

Objective To compare between patient groups according to estimated glomerular filtration rate at dialysis initiation. 

Methods Eighty-seven Patients are selected randomly from a list of patients admitted for dialysis (Hemodialysis or 
Peritoneal dialysis) at Northern General Hospital - Sheffield Kidney Institute from 1st of January to 31st of 
December 2000. Patients have been categorized into two groups. First group includes 45 patients started 
dialysis with glomerular filtration rate less than 5 ml/min/1.73m2. Second group includes 42 patients started 
dialysis with glomerular filtration rate from 5-10 ml/min/1.73m2. Patients have been followed up for five years 
retrospectively until 31st December 2005. 

Results The study showed males are the predominant gender. White Caucasian patients are majority of patients. The 
mean age is 56 years. About half of patients are middle aged (45-65 years) and are overweight or obese. This 
study shows no difference between patients who started dialysis early (estimated glomerular filtration rate 5-
10 ml/min/1.73m2) versus late (estimated glomerular filtration rate below 5 ml/min/1.73m2) in term of 
mortality and morbidity throughout five years of follow up. 

Conclusion This study showed no justification to decide on time to initiate dialysis based solely on estimated glomerular 
filtration rate level. 

Keywords Chronic kidney disease, estimated glomerular filtration rate, hemodialysis, peritoneal dialysis, end stage renal 
disease, renal replacement therapy 

Citation Al-Joher JAA. Comparing dialysis patients according to estimated glomerular filtration rate at dialysis 
initiation and five years outcome. Iraqi JMS. 2018; 16(4): 413-423. doi: 10.22578/IJMS.16.4.9 

 
 
List of abbreviations: CANUSA study = Canada-USA 
multicenter study of peritoneal dialysis adequacy, CKD = Chronic 
kidney disease, CPD = Chronic peritoneal dialysis, DM = Diabetes 
mellitus, eGFR = estimated Glomerular Filtration Rate, ESRD = End 
stage renal disease, HD = Hemodialysis, KDIGO = Kidney disease: 
Improving global outcomes, Kt/V = K dialyzer clearance of urea, t 
dialysis time, V volume of distribution of urea, MD = Maintenance 
dialysis, MDRD = Modification of diet in renal disease, MHD = 
Maintenance hemodialysis, NHANES = National Health and Nutrition 
Examination survey, NKF-K/DOQI = The National Kidney Foundation 
Kidney Disease Outcomes, PD = Peritoneal dialysis, PTH = Parathyroid 
hormone, RRT = Renal replacement therapy, SD = Standard deviation 

 
Introduction 

hronic kidney disease (CKD) is a 
worldwide public health problem. There 
were estimated to be over 37,800 adult 

patients receiving renal replacement therapy 

(RRT) in the UK at the end of 2004. 
Haemodialysis (HD) was the very first modality 
of RRT in 71.0% of patients, peritoneal dialysis 
(PD) in 26.5% and preemptive transplant in 
2.3%, which compares with 58% starting HD in 
1998 (1). 
The glomerular filtration rate (GFR) is equal to 
the sum of the filtration rates in all of the 
functioning nephrons; thus, the GFR gives a 
rough measure of the number of functioning 
nephrons. A reduction in GFR implies either 
progression of the underlying disease or the 
development of a superimposed and often 
reversible problem, such as decreased renal 
perfusion due to volume depletion (2). 
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Estimated GFR (mL/min/1.73 m2) 
= 186 X (SCr)-1.154 X (Age)-0.203 X (0.742 if 
female) X (1.210 if African-American) 
= exp(5.228-1.154Xln(SCr)-0.203 X ln(AGE)-
0.299 if female) + (0.192 if African-American)) 
Based on data from NHANES III, the the 
National Kidney Foundation (NKF)-Dialysis 
Outcome Quality Initiative (NKF-K/DOQI) CKD 
Guidelines workgroup estimated GFR using the 
equation derived from the MDRD Study, which 
factors in age, gender, race, and serum 
creatinine level (3,4).  
The timing of starting a dialysis modality may 
be due to a number of factors. Most commonly 
it is the increasing presence of symptoms that 
triggers the commencement of dialysis, and 
generally this will correspond to a decline in 
kidney function measured by GFR. Some 
patients will develop sever fluid retention 
unresponsive to diuretic therapy or electrolyte 
disturbances, particularly hyperkaliemia, that 
requires dialysis to start in the absence of 
symptoms. The other trigger is decline in eGFR 
even in the absence of symptoms. However, 
this may not always be accepted by patients 
who do not feel unwell (5). 
Early guidelines outlined by the NKF-K/DOQI 
recommended that renal replacement therapy 
be considered when GFR declined below 10.5 
ml/min/1.73 m2, and definitely implemented if 
there was unintentional weight loss, a decrease 
in normalized protein intake, or there were 
clinical signs or symptoms of uremia (6). 
The NKF 2006 update of clinical practice 
guidelines highlights the need for nephrologists 
to evaluate the risks and benefits of dialysis 
initiation when patients reach stage 5 CKD 
(estimated GFR < 15 ml/min/1.73 m2) while 
acknowledging the importance of individual 
patient factors and their influence on the 
timing of dialysis. In Canada, clinical practice 
guidelines recommend dialysis initiation at a 
GFR < 12 ml/min/1.73 m2 if there is evidence of 
uremia or malnutrition or at a GFR <6 ml/min 
whether symptomatic or not (7). 
Despite these guidelines, there appears to be a 
wide variation in the level of renal function at 

hemodialysis initiation and many patients 
continue to start dialysis at very low levels of 
predicted GFR. For example, Obrador et al. 
reported a mean predicted GFR of 7.1 ml/min/ 
1.73 m2 among new dialysis starts in the United 
States from April 1995 through September 
1997, and as many as 23% were considered 
late starts as defined by a GFR of <5 
mL/min/1.73m2 (8). 
On the other hand, it is becoming increasingly 
clear from observational registry data from the 
United States that patients with comorbidities 
initiate dialysis therapy at higher levels of 
estimated GFR (9).  
In 2003, mean estimated GFR at the initiation 
of dialysis therapy was 9.8 mL/min/1.73 m2. 
This mean value reflects lower average values 
(~7 to 9 mL/min/1.73 m2) for young and 
middle-aged adults and higher average values 
(~10 to 10.5 mL/min/1.73 m2) for children and 
elderly patients. Average GFR at initiation has 
increased in all age groups since 1995; it has 
increased most in the oldest patients (10). 
It is difficult to make a recommendation for 
initiating RRT based solely on a specific level of 
GFR. Several studies concluded that there is no 
statistically significant association between 
renal function at the time of initiation of RRT 
and subsequent mortality (12-15). However, 
others suggested that worse kidney function at 
initiation of RRT is associated with increased 
mortality or morbidity (11-16).  
The purpose of this study, to resolve the 
dilemma of when to start dialysis to patients 
with end stage kidney disease. This study might 
help to give answer to controversial opinions 
on level of eGFR to initiate patient on dialysis 
modality when starting dialysis early have 
suggested that it may improve nutrition with 
subsequent decrease in hospitalization, 
mortality, and costs. On the other hand, early 
initiation of dialysis poses ongoing diet and 
fluid restrictions, imposes limits on travel, 
impacts on patient and family quality of life, 
while exposing the individual to complications 
of dialysis earlier than may be necessary. 
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Methods 
The study is to compare between patient’s 
groups according to initial eGFR (MDRD 
calculation) in term of followings points: 
• Patients’ demography  
• Retrospectively follow up of patients for 5 

years to study dialysis outcome in term of 
mortality, anemia, bone biochemistry, lipid, 
Blood pressure, Kt/V (K dialyzer clearance of 
urea, t dialysis time, V volume of 
distribution of urea), and albumin as 
nutrition status marker with body mass 
index (BMI). 

• Survival of patients and its association with 
covariates of study for each group of 
patients 

• Hospitalization in form of number of 
admissions to hospital. 

 
Patients 
Patients are selected randomly from a list of 
patients admitted to dialysis (HD or PD) at 
Northern General Hospital - Sheffield Kidney 
Institute from 1st of January to 31st of 
December 2000. The list of patients (provided 
by Sheffield Kidney Institute Academic office) is 
randomly sorted by patients’ hospital code 
numbers, which consists of six digital numbers. 
Patients should have been on any dialysis 
modalities for more than 90 days to be 
considered to have chronic disease and not 
acute phase of kidney disease. Any patients 
who have had dialysis for more than three 
months before 2000 were excluded. Ninety 
patients were selected by simple random 
selection, only 3 patients have initiated dialysis 
with eGFR more than 10 ml/min/m2 and they 
were excluded from this study because of their 
small number. Eighty-seven patients were 
divided into two groups according to baseline 
eGFR. Group 1, consists of 45 patients with 
baseline eGFR less than 5 ml/min/1.73 m2. 
Group 2 are 42 patients with baseline 
estimated GFR 5-10 ml/min/1.73 m2. Patients 
have been followed up for five years 
retrospectively until 31st of December 2005.  
 

Data collection 
Approval to access patient’s information was 
obtained. Username and password were 
provided by Northern General Hospital – 
Sheffield Kidney Institute Academic office. All 
patients’ data were accessed through Proton 
program, which installed on computer systems 
at Health Sciences Library, Samuel Fox House 
and Study Room 4, Coleridge House at 
Northern General Hospital. Retrospectively, 
data were collected. The list of patients was 
provided by Sheffield Kidney Institute to 
patients admitted for dialysis in year 2000. The 
list contains patients’ code numbers in form of 
six digits (xxxxxx). Randomly selected patient’s 
code number, entered into Proton program to 
access patient’s information. 
Using Excel office program for Windows helps 
to enter data, and organizes work. Age of 
patients is calculated which represents age in 
years from date of birth to date of dialysis. 
Patients’ demographic parameters (age in 
years, gender as male or female, and ethnicity) 
are obtained. BMI is calculated from weight of 
patient in Kilogram divided by square height of 
patient in meter.  
eGFR is recorded at time starting dialysis. 
MDRD equation is used to eGFR. Serum 
creatinine at day of dialysis, age of patient, 
gender and race are all recorded and entered 
in MDRD equation to calculate estimated GFR. 
Underlying cause of ESRD is recorded. It 
includes diabetic nephropathy, 
glomerulonephritis, hypertension, renovascular 
disease, cystic disease, obstructive uropathy 
and others like lupus nephritis, Alport disease, 
and analgesic nephropathy…etc. Uncertain 
underlying causes is also recorded.  
Type of dialysis modalities patients started on 
either HD or PD is recorded. Hemodialysis 
machine type is Fresenius 2008K, and FX800 
dialyzer are used. During following up patients, 
mortality, switch of modality and change of 
renal replacement therapy into transplantation 
are recorded with the date of each event to 
calculate years each patient spends on dialysis. 
Moreover, date of referral to Sheffield Kidney 
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institute is recorded down and period from first 
referral to date of dialysis is calculated. 
Comorbidity, which includes cardiovascular 
disease, cerebrovascular accident, cancer, 
access line complications and diabetes are all 
recorded. Patients with smoking history are 
considered as a smoker regardless of quantity 
of smoking. Number of admission and causes 
of admission to hospital is recorded for five 
years since started dialysis. 
In both groups, mean value for variables were 
recorded for each patient on each year and for 
five years. The followings are variables that 
were taken: 
• Hemoglobin level in g/dl is taken as 

indicator for anemia. 
• Albumin in g/l nutritional status.  
• Serum calcium level in mmol/l, parathyroid 

hormone (PTH) in ng/l, Phosphate in 
mmol/L are taken as indicator for bone 
disease. 

• Kt/V is recorded reflecting adequacy of 
dialysis for both HD and PD. 

• Systolic and Diastolic blood pressure 
• HbA1c percentage for diabetic patients 
• Serum cholesterol and triglyceride in mmol/l 

 
Statistical analysis 
The IBM Statistical Package for the Social 
Sciences (SPSS) program version 15 (installed 
on Microsoft Windows operating system) is 
used for statistical analysis of data. Parametric 
independent simple t-test is used to compare 
between mean values. Cross tables are formed 
and Chi square test is used to study difference 
between the two groups for categorical data. 
Continuous variables are changed into binary 
variable (0 and 1). The followings are cutoff 
points used based on Kidney Disease Improving 
Global Outcomes (KDIGO) guidelines 
(www.kdigo.org) (17):  
Patients have Hemoglobin below 11 g/dl 
assigned as 1, and 0 for 11 and above. Patients 
have albumin less than 30 g/L assigned as 1, 
and 0 to albumin level 30 or more. Calcium 
more than 2.6 mmol/l is considered as high, 
more than 1.8 mmol/l for phosphate and more 

than 300 ng/L for PTH. Patients on HD with 
Kt/v with 1.2 and more are achieved KDIGO 
target. In other hand, 2 is target for PD 
patients. Blood pressure above 130/80 is 
considered as high value. HbA1c more than or 
equal to 7% is taken as poor control for 
diabetic patients. More than 5 mmol/l for 
cholesterol and 1.69 mmol/l for triglycerides. 
Cox Regression is used to study covariates with 
years of survival with P value of less than 0.05 
is considered significant. Hospitalization 
studied using number of admissions with linear 
Regression model. P value less than 0.05 is 
considered significant. Linear Regression is 
used to study number of admission to hospital 
and covariates  
 
Results 
Ninety patients are fulfilled criteria of the 
study, 3 patients have baseline eGFR >10, these 
patients were excluded from statistical analysis 
due to small number. Eighty-Seven patients are 
divided into two groups according to Baseline 
estimated GFR. Group 1 with eGFR less than 5 
ml/min/1.73 m2 consists of 45 patients who 
represent 52%. Group 2 with eGFR between 5-
10 ml/min/1.73 m2 consists of 42 patients 
(48%).  
 
Patients’ demography 
Two groups did not show any significant 
difference in age of patients. Males are 
predominant in both groups and represent 
68%, while females are 32%. Statistical analysis 
shows no significant difference in gender 
between two groups. White Caucasians are a 
majority of patients and represents 94%. There 
are no significant differences between the two 
groups. There are no significant differences in 
BMI and number of smokers between the two 
groups (Table 1). 
 
Underlying cause of ESRD 
Diabetic nephropathy was the major cause of 
ESRD over all, and predominantly in group 2 as 
it shown in table 2. 
 

http://www.kdigo.org/
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Table 1. Patients’ demography 
 

 Group 1 Group 2 Total P value 

Number of patients 45 42 87  

Mean Age 56.71 56.8   
18- 44 years 9 (10%) 8 (10%) 17 (20%) 0.97 
45-65 years 22 (25%) 19 (22%) 41 (47%) 0.84 
>65 years 14 (16%) 15 (17%) 29 (33%) 0.63 

Male 28 (32%) 31 (36%) 59 (68%) 0.62 
Female 17 (19%) 11 (13%) 28 (32%) 0.91 

Caucasian 42 (48%) 40 (46%) 82 (94%) 0.66 
Asian 3 (3%) 2 (3%) 5 (6%) 0.78 

Mean BMI 25.434 25.718   
Underweight (<18.5) 2 (2%) 2 (2%) 4 (5%) 0.71 
Normal (18.5-24.9) 22 (25%) 22 (25%) 44 (50%) 0.82 

Overweight (25-29.9) 12 (13%) 10 (12%) 22 (25%) 0.6 
Obese >30 9 (10%) 8 (10%) 17 (20%) 0.94 

Smoker 10 (12%) 10 (12%) 20 (24%) 0.86 

 
 

Table 2. Underlying causes of ESRD in the two groups 
 

Underlying cause 
Group 1 
No. (%)  

Group 2  
No. (%) 

Total 

Diabetic nephropathy 2 (4%) 16 (17%) 18 (21%) 
Glomerulonephritis 7 (8%) 1 (1%) 8 (9%) 

Hypertension 3 (4%) 4 (4%) 7 (8%) 
Renovascular disease 2 (2%) 1 (1%) 3 (3%) 

Cystic disease 5 (5%) 4 (5%) 9 (10%) 
Obstructive uropathy 4 (5%) 1 (1%) 5 (6%) 

Uncertain 14 (16%) 6 (7%) 20 (23%) 
Others 8 (10%) 9 (10%) 17 (20%) 

 
 
Dialysis modality 
From both groups (Group 1 and Group 2), 49% 
of patients are on HD and 51% patients are on 
PD. In group 1, there are 22 (25%) patients on 
HD, while 23 (26%) patients are on PD. In 
Group 2, 21 (24%) patients are on HD and 21 
(24%) patients are on PD. There are no 
significant differences in dialysis modalities 
between both groups (Pearson chi-square 
significant=0.918). 
 
 
 

Fate of patients 
During five years of follow up, 31% of patients 
died, 18% have had transplanted kidney and 
21% of them changed dialysis modality from PD 
to HD. Mean survival is 3.6±1.6 SD years for 
group1 and 3.3±1.7 SD years for group2. 
Comparing mean values of survival years 
showed no statistic significant (P value=0.398). 
During the first year, from date of dialysis, four 
(4%) patients died from group 1, and five (5%) 
from group 2. In the second year, three (3%) 
patients died from group 1, and four (4%) from 
group 2. In the third year, one (1%) patient 
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died from group 1 and 3 (3%) from group2. In 
the fourth year, 4 (4%) patients died from 
group1 while 3 (3%) patients died from group 
2. Statistical analysis did not show any 
significant differences in number of deaths 
during the first, second, third and fourth year 
of follow up (Pearson Chi-square significant are 
0.694, 0.282, 0.280, and 0.235 respectively). 

There were no deaths recorded during the fifth 
year. There were no significant differences in 
the number of patients that have had a 
transplanted kidney and patients who changed 
PD into HD between group 1 and 2 (Pearson 
Chi-Square significant are 0.131, and 0.371 
respectively) (Table 3). 

 
Table 3. Fate of patients in form of mortality, transplantation and switch modality 

 

Fate 
Group 1 
No. (%) 

Group 2 
No. (%) 

Total 

Mortality 12 (14%) 15 (17%) 27 (31%) 
Transplanted 11 (12%) 5 (6%) 16 (18%) 

Switch modality 11 (12%) 7 (9%) 18 (21%) 

 
 

Comorbidity 
Thirty percent of patients have Diabetes 
Mellitus (Figure 1), 30% of patients have 
history of myocardial infarction or ischemic 
heart disease, 6% of them have cancer. One 
patient has renal tumor as a primary cause of 
ESRD, other four patients have extra renal 
tumors. Seventeen percent of patients have 
had a stroke. 
 
Anemia 
Statistical analysis shows significant differences 
between the two groups in the first year of 
follow up. Group 1 is significantly lower in 
mean Hemoglobin than group 2 in the first year 
(Independent simple t test =0.19). The rest of 
the follow up years did not show any statistical 
significance in mean values of serum 
hemoglobin between the two groups 
(independent simple t test are 0.599, 0.77, 
0.81, 0.83 in second, third, fourth and fifth year 
respectively) (Table 4). 
 
 

Calcium, hosphate, and parathyroid hormone: 
For Mean Serum Calcium level, statistical 
analysis shows no difference between group 1 
and 2 on each year of follow up (P values 0.7, 
0.5, 0.9, 0.8, 0.6 respectively). Mean Serum 
Phosphate and PTH again no difference 
between the two groups on each year of follow 
up (P values for phosphate are 0.07, 0.3, 0.2, 
0.7, and 0.6 and for PTH are 0.4, 0.2, 0.2, 0.09, 
0.2 respectively). 
 
Cholesterol and triglyceride  
Comparing the two groups, P values for Mean 
Cholesterol on each year of follow up are 0.2, 
0.7, 0.3, 0.5, 0.3. P values for Mean Triglyceride 
are 0.4, 0.2, 0.1, 0.2 and 0.09. Mean 
Cholesterol and Triglyceride do not show 
statistic significant difference between group 1 
and 2. Forty-eight %, 32%, 33%, 16%, 11% of 
patients have Cholesterol above target and 
69%, 73%, 68%, 63%, 47% of patients have 
Triglyceride above target on each year of 
follow up respectively. 
 



Iraqi JMS 2018; Vol. 16(4) 
 

 
419 

 

0

5

10

15

20

25

30

35

40

45

Cardiac event Malignancy CVA Diabetus

P
e
rc

e
n

ta
g

e

Group1

Group2

 
 

Figure 1. Comorbidity; cardiac events (myocardiac infarction, ischemic heart disease), cancer, 
CVA (Cerebrovascular accident), and diabetes in both groups 

 
 

Table 4. Mean value for Serum Hemoglobin on each year of follow up 
 

Year 
Mean Hb g/dl 

P value 
Group 1 Group 2 

1 9.6 10.2 0.19 
2 10.9 11 0.599 
3 11.3 11.2 0.77 
4 11.4 11.3 0.81 
5 11.5 11.6 0.83 

 
 

Albumin 
Statistical analysis shows no significant 
differences in mean Albumin between the two 
groups in all years except the third year when 
statistical analysis showed a significant 
difference (P value in each year of follow up as 
following:0.3, 0.5, 0.01, 0.1, 0.3). Sixteen %, 
14%, 24%, 29%, 31% of patients have Albumin 
level below the target during each year of 
follow up respectively.  
 
Systolic and diastolic blood pressure: 
No statistic significances between the two 
groups in Mean systolic and diastolic blood 

pressure during the five years (P value 0.6, 0.2, 
0.2, 0.9, 0.8 for systolic, 0.4, 0.2, 0.9, 0.2, 0.1 
for diastolic). 82%, 68%, 77%, 79%, 74% of 
patients have systolic blood pressure higher 
than the target (130 mmHg) during the first, 
second, third, fourth, and fifth year 
respectively. 35%, 51%, 46%, 30%, 36% of 
patients have diastolic blood pressure above 
the target (80mmHg) during years of follow up 
respectively. 
 
Hb1Ac 
Statistical analysis shows significant difference 
in mean HbA1c% during first, second and 
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fourth year. Group 2 significantly have HbA1c% 
higher than group 1 in these years (P value 
0.025, 0.041, and 0.02 in first, second and 
fourth year) while no statistic significant in 
third and fourth year (P value=0.2 each). Eleven 
%, 10%, 9%, 4% and 4% of patients have 
uncontrolled diabetes level during first, second, 
third, fourth and fifth year respectively.  
 
Kt/V 
Forty-five percent of patients achieve Kt/V 
target in the first year. 62%, 60%, 80% and 80% 
of patients achieve Kt/V target in second, third, 

fourth and fifth year respectively. No statistical 
significance between the two groups in the 
number of patients achieving Kt/v target during 
five years (Pearson Chi square=0.072, 0.410, 
0.934, 0.945, 0.631) 
 
Survival 
Cox Regression is used to study covariates with 
years of survival. Age shows statistic significant 
covariates with years of survival in both groups. 
BMI shows significant with group1. All other 
covariates show no statistical significance with 
survival of patients in both groups (Table 5). 

 
 

Table 5. Covariates in both groups and survival (Cox Regression P values) 
 

Covariates Group 1 (P value) Group 2 (P value) 

Age 0.03 0.026 
BMI 0.034 0.99 

Gender 0.3 0.2 
Smoking 0.9 0.7 

Dialysis modalities 0.4 0.9 
Cardiovascular disease 0.5 0.1 

Cancer 0.5 0.3 
Cerebrovascular accident 0.07 0.4 

Albumin 0.5 0.2 
Calcium 0.3 0.6 

Phosphate 0.4 0.9 
PTH 0.4 0.2 

Cholesterol 0.8 0.2 
Triglyceride 0.9 0.3 
Hemoglobin 0.8 0.7 

Systolic blood pressure 0.3 0.2 
Diastolic blood pressure 0.9 0.3 

Diabetes 0.7 0.6 
Years from referral to dialysis 0.1 0.3 

Kt/V 0.8 0.5 

 
Hospitalization: 
Mean number of admissions to hospital for 
group 1 is 3.4±3.6 SD during five years and it is 
3.1±3 SD. Independent simple t-test shows no 
significance between mean values of number 
of admission between the two groups 
(P=0.623). Linear Regression is used to study 
number of admission to hospital and 

covariates. Statistical analysis shows smoking is 
a significant covariate in number of admission 
in group 1. Patients admitted for peritonitis at 
least once have significant statistical analysis in 
association with the number of admission in 
group 2. All other covariates do not show 
significance with number of admission of 
patients for both groups (Table 6). 
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Table 6. P values of number of admissions and covariates in linear regression analysis 
 

Covariates Group 1 (P values) Group 2 (P values) 

Age 0.1 0.2 
Gender 0.9 0.5 

BMI 0.9 0.3 
Smoking 0.04 0.3 

Dialysis Modalities 0.2 0.1 
Cardiovascular disease 0.6 0.1 

Cancer 0.6 0.5 
Cerebrovascular accident 0.3 0.08 

Peritonitis 0.07 0.000 
Access line complication 0.09 0.8 

Calcium 0.3 0.8 
Phosphate 0.5 0.5 

PTH 0.5 0.6 
Diabetes 0.9 0.2 

Cholesterol 0.5 0.3 
Triglyceride 0.2 0.5 

Systolic blood pressure 0.9 0.7 
Diastolic blood pressure 0.7 0.5 

Kt/v 0.2 0.056 
Years from referral to dialysis 0.1 0.1 

 

Discussion 
In this study, about two third of patients are 
males and it is in the same proportion in the 
two groups. In addition, gender is not a 
predictor factor for survival or number of 
admissions for both groups. Majority of 
patients are white Caucasian patients 
represent 94%. Small number of other ethnic 
group would not help as comparison group 
with white Caucasian group. Hence, ethnicity 
has not been studied as predictor for survival 
or number of admissions to hospital. 
About half of patients are between 45-65 years 
old, and one third of patients are more than 65 
years old. Age is a predictor for survival of 
patients in both groups. It is not surprising that 
increase in age would increase risk of death 
and that was a predictor in both groups.  
Natures of underlying causes that lead to end 
stage renal disease are variable. About twenty 
percent of patients’ cause of renal disease is 
diabetic nephropathy. Diabetic nephropathy is 
highest underlying cause of end stage renal 

disease. Therefore, helping diabetic patients by 
preventing them from getting into this level of 
renal injury might save patients and health 
system from devastating complications, 
preserve quality of life and enormous money 
spend. Diabetic patients in group 2 were higher 
in number than group 1 and that might explain 
higher deaths in group 2 although it was not 
statistically significant. Moreover, glycemic 
control was worse in group 2 than group 1 
predominantly in first year, and it could be 
explained by renal residual function and insulin 
clearance. The lower estimated GFR results in 
lower insulin clearance and hence lower 
glucose levels. Therefore, group 1 (eGFR lower 
than 5 ml/min/1.73 m2) had lower glucose 
levels than group 2. 
Still underlying cause for a large number of 
patients is unidentifiable and that may give 
impression of late presentation with the 
disease when biopsy study would be useless. 
Smoking found as a covariate that predict 
number of admissions to hospital in group 1 
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but not group 2. Though, Smokers are equally 
distributed in both groups and represent 23% 
of all patients.  
Dialysis modalities are not a predictor for 
survival or number of admissions to hospital. 
Half of patients on HD and other half on PD and 
same proportions are applied to each group. 
Patients on hemodialysis would have access 
line complications like infection, bleeding, 
clotting or obstruction of line, on other hands, 
patients on peritoneal dialysis are reliable for 
peritonitis, exit site infection, drain problem or 
leakage of catheter and hernia. One of the 
drawbacks of this study is that it did not show 
differences in number of admissions in 
associated with dialysis modality. Access line 
complications are not a predictor for number 
of admissions in both groups. On the other 
hand, peritonitis is a predictor for number of 
admissions in group 2 only but not in group 1. 
Number of admissions is not enough to reflect 
hospitalization. This Study should have 
conducted duration of admission and cost for 
admissions and compare that between the two 
groups.    
Despite of no statistic difference in number of 
deaths between the two groups of patients in 
each year of follow up, Lead time bias should 
have been considered in this study when 
patients’ residual renal function might affect 
morbidity and mortality. Variety in residual 
renal function should have been taken in 
account in this study (i.e., would appear to 
increase survival of those individuals starting 
dialysis with more residual renal function).  
Regarding hemoglobin level, improvements in 
the level of hemoglobin are shown in the next 
year with half of patients whom have 
hemoglobin below the target level. This can be 
explained by starting the patients on 
erythropoietin stimulating agents and Iron 
therapy which they were not exposed to them 
previously. Patients tend to present with lower 
hemoglobin level in group 1 in comparison with 
group 2 in first year of dialysis. Again patients 
with delay presentation would have lower level 
of Hemoglobin in comparison to the ones 
started dialysis and treated earlier.  
The IDEAL (Imitating Dialysis Early and Late) 
study (Cooper et al, 2010) was landmark 

randomized controlled trial. This trial studied 
patients with early dialysis (eGFR 10-15 
ml/min/1.73 m2) versus late dialysis (eGFR 5-7 
ml/min/1.73 m2) (18). There was no advantage 
in the early dialysis regarding mortality and 
morbidity in similar way to this study but the 
difference was the early dialysis group were 
with higher eGFR. Still the results were similar 
though. 
Conversely, multiple retrospective analyses 
from multiple cohorts demonstrate that 
patients who start dialysis at lower eGFRs have 
better survival, compared to those who start 
with higher levels eGFRs (Sawhney et al, 2009; 
Wright et al, 2010; Clark et al, 2011) (19,20). 
This study concluded that it could not support 
or reject the hypothesis of early initiation of 
dialysis when all patients started dialysis with 
eGFR equal or below 10 ml/min/m2 and not 
above this level. However, Patients started 
dialysis later with eGFR below showed worse 
anemia level than those with early initiation 
(eGFR between 5-10), which might give 
impression that early initiation of dialysis 
would avoid later complications. Since prolong 
history of anemia has dramatic effect on the 
heart and causing left ventricular hypertrophy. 
However, this tragedy can be definitely avoided 
by early correction of anemia and not 
necessarily an indication to start dialysis earlier 
per say.   
On other hand, the group with earlier initiation 
of dialysis has worse glucose control than the 
ones started dialysis later and this is related to 
insulin clearance. However, this finding did not 
show death difference statically but the 
number of death were slightly higher though in 
the group with worse glycemic control.   
With no significant difference in morbidity or 
mortality in patients with the group started 
dialysis early (eGFR 5-10) and whom started 
later (eGFR below 5), throughout the five years 
of follow up, there is no justification to decide 
on time to initiate dialysis based solely on eGFR 
level.  
Statistical analysis has shown smoking in group 
1 is the only predicator for number of 
admissions to hospital, while peritonitis is the 
predicator for group 2. 
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Abstract 
 
Background Hodgkin lymphoma (HL) is a malignant process involving the lympho-reticular system that accounts 

for 6% of childhood cancers. Infectious agents may be involved, such as human herpes virus 6, 
cytomegalovirus, and Epstein-Barr virus (EBV). Infection with EBV confers a 4-fold higher risk of 
developing HL. 

Objective To have an idea about the mode of presentation, pathological subtypes, treatment applied and 
outcome in one center in our country. 

Methods A retrospective study was done whereby twenty cases were collected from the Pediatric Oncology 
Clinic in Al-Imamein AL-Kadhimein Medical City over a period of ten years from the first of January 
2007 – end of December 2016. Information was taken from the patient’s records in the Pediatric 
Oncology Clinic including age at presentation, sex, physical finding, histopathological subtypes, 
staging , treatment applied and outcome. 

Results Among the studied group, 14 cases (70%) were males and 6 cases (30%) were females, male: 
female ratio equal to 2.3:1, rang of age was between 5-12 years with a peak age at presentation 
was between 5-7 years, 12 cases (60%). The initial presentation was an enlarged cervical lymph 
node in 19 of them (95%), histopathologically, most of the patients had mixed cellularity subtype, 9 
cases (45%), stage II and stage III comprise the majority of cases 9 cases (45%), 6 cases (30%) 
respectively, B symptoms were reported in 7 cases (35%). Chemotherapy was the mainstay of 
treatment with good response and remission, 17 cases (85%). Three cases refractory to treatment 
(15%) with no response, no death was reported. 

Conclusion Male predominance was noticed with younger age group at presentation. The majority presented 
with enlarged cervical lymph node. Although mixed cellularity was encountered in most of the 
patients, the response to chemotherapy was good. Rituximab can  be used along with 
chemotherapy for refractory cases  and for lymphocyte predominant Hodgkin lymphoma. 
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List of abbreviations: ABVD = Adriamycin, Bleomycin, 
Vinblastine, Dacarbazine, ABVP = Adriamycin, Bleomycin, Vinblastine, 
Predinsolone, CD = Cluster of differentiation, Chlvpp = Chlorambucil, 
Vinblastine, Procarbazin, Prednisolone, cHL = classic Hodgkin 
lymphoma, EBV = Epstein-Barr virus, HL = Hodgkin lymphoma, L&H = 
Lymphocytic and histiocytic, LP-HL = Lymphocyte predominance 
Hodgkin lymphoma, LPHD = Lymphocyte predominance Hodgkin 
disease, REAL = Revised European American lymphoma, UKCCSG: 
United Kingdome Children's Cancer Study group, WHO = World Health 
Organization 

 

Introduction 
odgkin lymphoma (HL) is a malignant 
process involving the lympho-reticular   
system that accounts for 6% of 

childhood cancers (1). Infectious agents may be 
involved, such as human herpes virus 6, 
cytomegalovirus, and Epstein-Barr virus (EBV). 
Infection with EBV confers a 4-fold higher risk 
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of developing HL (1). A significant male-to-
female ratio of 3:1 is observed in children 
younger than 10 years. In older children and 
adults, the male-to-female ratio is about 1:1 (2). 
The REAL/WHO classification recognizes a basic 
distinction between lymphocyte predominance 
HL (LP-HL) and classic HL (cHL), reflecting the 
differences in clinical presentation and 
behavior, morphology, phenotype, and 
molecular features. cHL has been classified into 
four subtypes: lymphocyte rich, nodular 
sclerosing, mixed cellularity, and lymphocyte 
depleted (3). Treatment in children evolved 
from extended- field radiation therapy to the 
use of multi- agent chemotherapy (1). CD20 is 
detected in the malignant lymphocytic and 
histiocytic (L&H) cells of almost all Hodgkin 
disease of lymphocyte predominance (LPHD) 
type, the neoplastic Reed Sternberg cells of 
classical Hodgkin disease also express CD20 
with a reported frequency ranging from less 
than 5% to more than 50% of tumors (4). 
Onconging clinical trials report encouraging 
results with the use of CD20 antibody 
(rituximab) particularly in lymphocyte 
predominant Hodgkin lymphoma (1,5) where 
trials in relapsed disease have shown an overall 
response rate of 94% (1). Other trials, was 
rituximab as a single agent in refractory or 
recurrent cHL, rituximab plus gemcitabine in 
refractory or recurrent cHL, and rituximab plus 
ABVD in newly diagnosed cHL (6). CD20 is 
involved in the regulation of human B-cell 
growth and differentiation (6). Rituximab 
targets the surface proteins of malignant 
Hodgkin cells and Reed Sternberg cells and 
eliminates the CD20 reactive B lymphocytes 
which support the Hodgkin Reed Sternberg 
cells in whom CD20 is also positive thus 
depriving the malignant cells of survival and 
causing cell death (6). 
The objective of this study was to have an idea 
about the mode of presentation, 
histopathological subtypes, treatment applied 
and outcome in one center in our country. 
 
 

Methods 
A retrospective descriptive study was done 
where by twenty cases (17 cases with initial 
remission and response to treatment, 3 cases 
refractory to treatment, non with relapse) 
were collected from the Pediatric Oncology 
Clinic in Al-Imamein AL-Kadhimein Medical City 
over a period of ten years from the first of 
January 2007 – end of December 2016. 
Information was taken from the patient’s 
record in the Pediatric Oncology Clinic 
including age at presentation, sex, physical 
finding, histopathological subtypes, staging, 
treatment applied and outcome. Work up done 
including history looking for B symptoms as 
fever, night sweats and weight loss, 
investigations recorded including complete 
blood picture, liver function test, renal function 
test, chest X-ray, ultrasound and bone marrow 
examination; the diagnosis was established by 
lymph node excisional biopsy or fine needle 
aspirate, staging was done according to the 
Ann Arbor staging system (7). Chemotherapy 
was the mainstay of treatment; favorable 
response is considered when there is (50%) or 
greater reduction in a measurable lymph node 
(8). Numerical data and percentage were 
estimated and tabulation were done using 
Microsoft Excel program.  
 
Results 
Among the studied group 14 cases (70%) were 
males and 6 cases (30%) were females, male: 
female ratio equal to 2.3:1, age range was 
between 5-12 years with 12 cases (60%) 
between 5-7 years as it is shown in table (1). 
The initial presentation was an enlarged 
cervical lymph node in 19 cases (95%) as it is 
shown in table (2).    
Histopathological findings are shown in table 
(3), which showed that most of the patients 
had mixed cellularity subtype; 9 cases (45%).  
Staging is shown in table (4), stage II and stage 
III comprise the majority of cases, 9 cases (45%) 
and 6 cases (30%) respectively. B symptoms 
were reported in 7 cases (35%). Chemotherapy 
was the mainstay of treatment even in stage I 
as these patients had the mixed cellularity 
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subtype, as per the Hodgkin’s disease UKCCSG 
protocol and the parents refused radiotherapy, 
ABVD (Adriamycin, Bleomycin, Vinblastine, 

Dacarbazine) was used in 18 cases (90%) with 
ABVP protocol (Adriamycin, Bleomycin, 
Vinblastine, Predinsolone) in 2 cases (10%).  

  
Table 1. Age at presentation and sex distribution 

 

Age at presentation / years 
Male Female 

No. % No. % 

< 5 / / / / 
5-7 9 45 3 15 

8-10 4 20 2 10 
>10 1 5 1 5 

Total 14 70 6 30 

 
 
 

Table 2. The initial presentation of patients 
 

Initial presentation No. % 

Cervical lymph node enlargement 19 95 
Axillary lymph node enlargement 0 0 
Inguinal lymph node enlargement 0 0 

Parotid mass 1 5 
Pallor 3 15 

Hepatomegaly 3 15 
Splenomegaly 3 15 

Mediastinal mass 1 5 
Para aortic lymph nodes 3 15 

Bone marrow involvement 0 0 

Total  20 100 
   Note: Some patients had more than one physical finding as initial presentation 

 
 

Table 3. Histopathological sub types 
 

Histopathological sub types No. % 

Mixed cellularity 9 45 
Lymphocyte predominant 7 35 

Nodular sclerosis 4 20 
Lymphocyte depletion / / 

Total  20 100 
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Table 4. Staging of the disease at diagnosis 
 

Stage No. % 

I 5 25 
II 9 45 
III 6 30 
IV 0 0 

Total  20 100 

 
 

No patient received radiotherapy as it is shown 
in table (5), 17 cases (85%) showed good 
response with complete remission and cure, 
three cases (15%) were refractory to the initial 
treatment with no response as shown in table 
(6). Refractory cases received alternate ABVD 
and ChIVPP (Chlorambucil, Vinblastine, 
Procarbazin, prednisolone) but they were 
resistant to treatment, review of the 
histological subtype revealed lymphocyte 
predominant subtype and positive CD20, so 

rituximab was added, the response to 
rituximab was good with remission and cure 
noticed as it is shown in table (5).  
The outcome of the treatment is shown in 
table (6), 17 cases (85%) showed complete 
remission with good response to treatment 
and were cured, 3 cases (15%) were refractory 
to treatment, they responded well after 
rituximab was added, underwent complete 
remission and cured, no one relapsed and no 
death reported. 

 
 

Table 5. Treatment applied for the patients with Hodgkin disease 
 

 Protocol applied No. % 

Newly diagnosed 
ABVD 18 90 
ABVP 2 10 

Radiotherapy 0 0 

Refractory  to initial 
treatment 

Alternate ABVD and ChVIPP + 
Rituximab* 

3 15 

Total  20 100 
*Rituximab added to refractory cases with positive CD20  
Note: Total patients were 20, 3 of them were refractory and received new protocol of chemotherapy plus 
rituximab 
 

 
Discussion 
In this study, the age of the patients ranges 
between (5-12) years with a peak age at 
presentation of (5-7) years, which is nearly 
equal to a study done in Iran, 2002 (5-9 year) (9) 
but younger than the French study (4-16 year), 
2003 (10) as well as a study done in Korea, 2012 
(more than 16 years) (11).  

Males were affected more than females, which 
goes with that reported by studies done in 
USA, Iran, France (1,9,10) and that reported by 
the National Cancer Institute (12).   
Cervical lymph node involvement is reported in 
(95 %) of cases, which goes with studies done 
in USA and Bulgaria respectively (1,13). 
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Table 6. Outcome of the disease according to the stage of the disease  
 

Stage 

No. of patients with 
favorable response 

and complete 
remission 

No. of 
patients 

who 
refuse 

treatment 

No. of 
refractory 

cases 
(received 

rituximab) 

No. of 
relapsed 

cases 

No. of 
patient 
lost to 

follow up 

No. of 
death 

I 5 0 0 0 0 0 
II 8 0 1 0 0 0 
III 4 0 2 0 0 0 
IV 0 0 0 0 0 0 

Total 17 0 3 0 0 0 
% 85 0 15 0 0 0 

The most common histopathological subtype 
was mixed cellularity (45%) indicating more 
severe and more aggressive disease, this 
pattern is similar to that reported in other 
countries. It was (66.7%) in South Iran (9), (50%) 
in South Taiwan (14), (28%) in Jordan (15), (25%) 
in the United Kingdom (16). Where in Jordan 
and United Kingdome the most common 
histopathological subtype was nodular 
sclerosis, (49%, 66%) respectively (15,16). 
Most of the patients were stage II and III (75%) 
compared with other studies stage II and III 
were (65.8%) in Iran (9) while in the French 
study the majority (89%) were stage I and II (10) 
and in the Istanbul study (54%) were stage I–II 
and (46%) were stage III-IV (17). This may be 
explained by the parents' awareness when 
noticing abnormal and unusual lymph node 
enlargement and early referral by doctors to 
the oncology centers. Thirty-five percent had B 
symptoms, which is less than studies done in 
Iran (57%) (9) and Istanbul (46%) (17). This may 
be explained by the younger age group of our 
patients as older patients are more likely to 
have B symptoms at presentation (9).  
Radiation therapy was not used as parents 
refused in some cases, or the early 
appointments were not available of note, 
current children oncology group trials 
investigated whether radiation therapy can be 
eliminated altogether in patients who have 
good rapid and early response to pre-radiation 
induction chemotherapy (1). 

Chemotherapy was not regularly available; the 
parents need to buy some of them from 
private pharmacies. 
Chemotherapy was the mainstay of treatment 
with complete remission and response 
reported in (85%) of cases. This can be 
explained by the use of ABVD and ABVP 
protocols both of which were found to be very 
effective chemotherapy for the treatment of 
Hodgkin lymphoma (1,7). Alternate ABVD, 
ChIVPP are good combination for refractory 
cases (7) but because of resistance to treatment 
Rituximab was added, particularly after the 
cases were found to be of lymphocyte 
predominant subtype with positive CD20 (1). In 
this study the response to treatment after 
adding rituximab in refractory cases was good 
in term of remission and disappearance of the 
mass in the three refractory cases (15%). In 
comparison with studies done elsewhere, Oki 
showed promising early results with rituximab. 
(6) while King et al showed that in patients with 
advanced-stage (III-IV) disease, there was no 
significant difference between rituximab and 
non-rituximab therapies (18). 
This study concluded that male predominance 
was noticed with younger age group at 
presentation. The majority presented with 
enlarged cervical lymph node. Although mixed 
cellularity was encountered in most of the 
patients, the response to chemotherapy was 
good. Rituximab can be used along with 
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chemotherapy for refractory cases and for 
lymphocyte predominant Hodgkin lymphoma. 
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Abstract 
 
Background Acinetobacter baumannii (A. baumanii) has recently emerged as a major pathogen causing nosocomial 

infections in patients admitted to intensive care units with a surprisingly rapid acquisition of antibiotic 
resistance. 

Objective To study the rate of occurrence of A. baumanii in different clinical samples and to investigate the association 
between biofilm formation and presence of ompA and bap genes in multi-drug resistance isolates. 

Methods A total of 150 clinical samples were collected from (blood, sputum, urine, wound swab) during a period from 
the first of October 2017 to the end of March 2018 from Al-Imamein Al-Kadhimein City, Central Teaching 
Hospital of Pediatrics, Welfare Children Protection in Medical City and Al-Yarmouk Teaching Hospital and 
tested against 14 antibiotics by disc diffusion method. Quantitative microtiter plate assay was done   for 
detection of biofilm formation. Polymerase chain reaction (PCR) was performed to detect ompA and bap 
genes. 

Results There were 75 A. baumanii isolated from different clinical samples as follows: 41 from blood, 13 from wound, 
12 from sputum and 9 from urine. The results of antimicrobial susceptibility test showed, high rate of 
resistance to Aztronem (94.7%) followed by Cefotaxime (89.3%), Cefepim (86.7%), Meropinem (86.7%), 
Ceftriaxone (86.7%), Ceftazidime (85%), Gentamicin (85%), and Piperacillin (82.7%) respectively. Moderate - to 
- low rate of resistance to Ciprofloxacin (78%), Impenim (46.7%), Levofloxacin (46%), Amikacin (44%), 
Tigacycline (42.3%) and Colistin (44%). The detection of biofilm formation  showed that (52%) of isolate 
produce biofilm and the prevalence of ompA gene was 86.7% while the prevalence of Bap-gene was 34.7%. 

Conclusion High frequency of A. baumannii infection was observed in different hospitals in Baghdad. More than half of 
the isolates were biofilm producer and there is highly significant association between the presence of bap 
gene and  the biofilm formation but not with ompA gene. 

Keywords Acinetobacter baumannii, ompA, Bap, MD 

Citation Talib SS, Abdulrahman TR, Ali SH. Detection of some biofilm genes related with multidrug-
resistant in Acinobacter baumannii isolated from clinical isolates. Iraqi JMS. 2018; 16(4): 430-
438. doi: 10.22578/IJMS.16.4.11 

 
 
List of abbreviations: Bap = Biofilm associated protein, bp = 
Base pair/ base pairs, CFU = Colony forming unit, CLSI = Clinical & 
Laboratory Standards Institute, DNA = Deoxy Ribo Nucleic Acid, MDR = 
Multi drug resistant, OMPA = Outer membrane protein A, PCR = 
Polymerase chain reaction 

 
Introduction 

cinetobacter baumannii (A. baumanii) is 
a Gram-negative bacterium related to 
hospital-acquired infection, especially in 

intensive care unit (ICU) where it causes 
bacteremia, pneumonia, meningitis, urinary 

tract infection and wound infection (1). Serious 
infections caused by A. baumanii are usually 
cured by imipenem as an efficient drug of 
choice. However, reports of imipenem-
resistant A. baumannii strains have been 
increasing significantly over recent years and 
these isolates are often multidrug-resistant 
(MDR) (2). One of the major factor involved in 
bacterial resistance to antimicrobial, chronic 
infections or survival in varying environments is 
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the ability to form biofilms. Biofilms are 
complex mixtures of microbes which are 
predominantly attached to hard surfaces. They 
are often enclosed by thick polysaccharide 
layer which makes them resistant to antibiotics 
and thus very hard to eliminate (3). On the 
other hand, sensitivity to different antibiotics 
as well as microbial metabolism due to biofilm 
formation will be reduced. This is attributable 
to lack of food in the biofilm depth. Slower 
metabolism and antibiotic resistance lead to 
bacterial dissemination which can create a 
quick critical situation (4). There is a variety of 
virulence determinants involved in biofilm 
formation of A. baumannii. This bacterium 
produces a molecule called the biofilm-
associated protein (Bap), which is encoded by 
the bap gene (5).                                                                                       
BAP contributes to the initiation of biofilm 
production after A. baumannii attaches to a 
particular surface (6). Bap is a member of a 
group of surface proteins, which have high 
molecular mass with tandem repeats of 
domains involved in intercellular adhesion. Bap 
is a large protein (854 kDa) characterized in a 
bloodstream isolate of A. baumannii and 
Loehfelm et al., 2008 (7) suggested the 
development and thickness of the mature 
biofilm structure was associated with this 
protein. 
OmpA is a porin and one of the major protein 
in the outer membrane with a molecular mass 
of 38 kDa. Data have shown that this protein 
plays a role in biofilm formation on plastic, and 
also in the interaction of human epithelial cells 
and Candida albicans filaments (8). 
The objectives of this study was to study the 
rate of occurrence of A. baumanii in different 
clinical samples and to investigate the 
association between biofilm formation and   
presence of OMPA and BAP genes in MDR 
isolates. 
 
Methods 
A total of 150 patients were enrolled in this 
study. Different clinical samples (blood, 
sputum, urine, wound swab) were collected 

during a period from the first of October 2017 
to the end of March 2018 from Al-Imamein Al-
Kadhimein Medical City, Central Teaching 
Hospital of Pediatric, Welfare Children 
Protection in Medical City and Al-Yarmouk 
Teaching Hospital/Baghdad. Bacteria were 
isolated and identified by ordinary methods 
according to morphological characteristics on 
cultures and by biochemical tests in the 
laboratories of Microbiology Department, 
College of Medicine, Al-Nahrain University. A 
loopful of pure colony was used to confirm 
identification by the phenotypic VITEK-2 
Systems method. 
 
Antibiotic susceptibility testing  
Seventy-five of A. baumannii isolates were 
tested for their susceptibility to fourteen 
antimicrobial agents include Aztronem, 
Cefotaxime, Ceftriaxone, Ceftazidime, 
Ciprofloxacin, Levofloxacin, Tigacycline, 
Peperacillin, Colistin, Gentamicin, Amikacin, 
Cefepim, Imipenem and Meropinem in 
accordance to Clinical & Laboratory Standards 
Institute (2016) recommendations. 
 
Detection of biofilm formation. 
Quantitative microtiter plate assays for biofilm 
formation were performed according to 
Brossard and Campagnari (2012) (9) as follows:  
A 100 µl of A. baumannii broth turbidity equal 
to 0.5 McFarland and an equal volume of Luria 
Bertain (LB) broth supplemented with 20% 
glucose were added to each well in 96-well 
polystyrene microtiter plates. The plates were 
incubated overnight at 37 °C. The cultures were 
softly removed. The wells were washed three 
times with phosphate buffered saline. The 
adherent cells were fixed with absolute 
methanol for 10 min, stained with 0.4 % crystal 
violet for 15 min, washed three times with 
sterile distilled water and then allowed for air- 
dried. The plates were filled with 250 μl of 33 % 
acetic acid and waited for 15 min. The reading 
of OD at 595 nm absorbance was determined. 
Chromosomal DNA of A. baumannii isolates 
was extracted using genomic DNA extraction 
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kit (Promega, USA). The extracted DNA used as 
a template in Polymerase chain reaction (PCR). 
Specific primer sequences of OmpA, and Bap 
were amplified by PCR, table (1). Twenty-five 

microlitter of PCR mixture reaction were 
prepared according to the program published 
by Badmasti et al. in 2015 (10).    
 

  
Table 1. Sequences and products of ompA and Bap genes 

 

Genes 
Nucleotide      sequences 

(5'                                           3') 
Products 

bp 
GenBank References 

OmpA 
F GTTAAAGGCGACGTAGACG 

 
CCAGTGTTATCTGTGTGACC 

578 
Accession number 

AY485227 R 

Bap 
F ATGCCTGAGATACAAATTAT 

 
GTCAATCGTAAAGGTAACG 

1449 
Accession number 

KR080550.1. R 

 
 

The primers diluted by adding nuclease free 
water depending on the manufacture 
companies' instructions   
The master mix contents were thawed before 
use at room temperature, and the PCR master 
mix was prepared on a separate biohazard 
safety cabinet with wearing hand gloves at all 
times to avoid contamination.  
2.0 µl of each forward and revers specific 
primers was mixed with 12.5 µl PCR master mix 
tubes, 3 µl of DNA template was added then 
the volumes were completed to 25 µl by 
nuclease free water. 
A 25 µl of the PCR mixture were spun down 
with a mini centrifuge.  
The tubes were placed on the PCR machine and 
the PCR program with the cycling conditions 
was installed according to, the Cleaver 
Scientific Thermal Cyclers TC32/80 was used 
for all PCR amplification reactions.   
Initial denaturation step at 95 °C for 60 
seconds, denaturation step 94 °C, annealing 
step 50 °C, extension 72 °C for 60 seconds and 
final extension 72 °C for 3 minutes, total of 
cycles 22 cycle.    
 A 7 μL of each amplified sequence and 100 bp 
ladder resolved by electrophoresis according to 
Sambrook and Russell (2001) (11). The products 
were visualized in UV Tran- illuminator (LKB, 
Sweden).   

Results 
There were 75 A. baumanii isolates from 
different clinical samples as follows: 41 from 
blood, 13 from wound, 12 from sputum and 9 
from urine. This study includes 44 males and 31 
females. The percentage was 58.7% and 41.3% 
of males and females respectively. 
 
Antibiotics by disc-diffusion method 
The results of antimicrobial susceptibility test 
are showed in table (2). 
 
Detection of biofilm formation in A. 
baumannii isolates and its association with 
antibiotic resistance 
The current study showed that (52%) of A. 
baumannii isolates were produced biofilm 
while (48.0%) not biofilm producer. 
All biofilm producer isolates were resistant to 
four or more antibiotics of different classes, 
which considered as Multidrug resistance 
(MDR). This study showed that, out of 39 
biofilm producer there were 12 isolates 
sensitive to tigacyclin and 10 isolates sensitive 
to colistin, in addition to one isolate was 
sensitive to peperacillin.  Statistically there is 
significant association between biofilm and 
antibiotic resistance (Table 3). 
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Table 2. Susceptibility of A. baumannii to different antibiotics using disc-diffusion method 
 

Antibiotic disc Sensitive Resistance Intermediate 

Amikacin 25 (33.3%) 33 (44.0%) 17 (22.7%) 
Aztronem 4 (5.3%) 71 (94.7%)   0 (0.0%) 

Ceftriaxone 10 (13.3%) 65 (86.7%)   0 (0.0%) 
Ceftazidime 11 (14.7%) 64 (85.0%)   0 (0.0%) 

Cefepim 10 (13.3%) 65 (86.7%)   0 (0.0%) 
Cefotaxime 8 (10.7%) 67 (89.3%)   0 (0.0%) 

Colistin 36 (48.0%) 31 (41.0%) 8 (10.7%) 
Ciprofloxacin 12 (16.0%) 59 (78.0%) 4 (5.3%) 
Levofloxacin 31 (41.0%) 35 (46.0%) 9 (12.0%) 

Impenim 32 (42.7%) 35 (46.7%) 8 (10.7%) 
Meropinem 9 (12.0%) 65 (86.7%) 1 (1.3%) 
Tigacycline 35 (46.7%) 31 (41.3%) 9 (12.0%) 
Gentamicin 6 (8.0%) 64 (85.0%) 5 (6.7%) 
Piperacillin 13 (17.3%) 62 (82.7%) - 

 
Gene amplification 

By PCR essay, the amplification of ompA and 
Bap genes in chromosomal DNA of A. bamannii 
was produced an amplicon of size 578 bp and 
1449bp respectively (Figures 1 and 2). The 

present results also showed that, the 
prevalence of ompA gene was 86.7% in DNA of 
isolates, while the prevalence of Bap-gene was 
34.7%. 

 
 

 
 

Figure 1. Gel electrophoresis of amplified ompA gene(578bp). Lane 1: 100 bp ladder. Lanes 2-10:  
Clinical isolates showing positive result (1.5% agarose, 7 v/cm2, 1.5 hrs) 
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Table 3. The association between biofilm and antibiotic resistance 
                            

Antibiotic 
 Biofilm 

P value 
 Negative Positive 

AK 
I 8 0 

0.000 R 9 39 
S 19 0 

AZT 
R 32 39 

0.004 
S 4 0 

CRO 
R 27 39 

0.001 
S 9 0 

CAZ 
R 26 39 

0.000 
S 10 0 

FEP 
R 27 39 

0.001 
S 9 0 

CTX 
R 28 39 

0.002 
S 8 0 

CO 
I 5 0 

0.000 R 11 29 
S 20 10 

CIP 
I 2 0 

0.002 R 28 39 
S 6 0 

LEVO 
I 3 0 

0.000 R 13 39 
S 20 0 

IMP 
I 5 0 

0.000 R 11 39 
S 20 0 

MEM 
R 32 39 

0.004 
S 4 0 

TG 
I 3 0 

0.005 R 16 27 
S 17 12 

GEN 
I 4 0 

0.003 R 28 39 
S 4 0 

PIP 
R 27 38 

0.005 
S 9 1 
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Figure 2. Gel electrophoresis of amplified Bap-gene (1449 bp) in genomic DNA using PCR with 
specific primers Lanes 4-8: Clinical isolates showing positive result. (1.5% agarose, 7 v/cm2, 1.5 

hrs) 
 
 

Association between biofilm formation and 
presence of ompA and bap genes 
Out of 39 isolates that produce biofilm there 
were 92.3% possessed ompA gene while out of 
36 isolates that non biofilm producer there 
were 80.6% of isolates possessed ompA. 
Statistically there is no significant association 
between biofilm and presence of ompA.  

On the other hand, the present study found 
that out of 26 isolates that possessed Bap gene 
there is 64% of isolates were biofilm producer 
and only 2.8% non-biofilm producer, 
statistically there is significant association 
between the presence of Bab gene and biofilm 
formation as shown in table (4). 

 
Table 4. Association between biofilm and presence of ompA and Bap genes 

 

Biofilm 
omp A Bap 

Negative Positive Negative Positive 

Negative 7 (19.4%) 29 (80.6%) 35 (97.2%) 1 (2.8%) 
Positive 3 (7.7%) 36 (92.3%) 14 (35.9%) 25 (64.0%) 

Total 10 (13.3%) 65 (86.7%) 49 (65.0%) 26 (34.7.0%) 

P value 0.124 * Ns 0.001* S 
*Ns: non-significant 
* S: significant 

 
Discussion 
This study revealed wide distribution of 75 
(52.0%) A. baumannii among Iraqi patients 
than other microorganism with different 
illness. These results were agreed with the 
study conducted in Baghdad by Al-Kadhmi, 
2018 (12) who reported that A. baumannii 
isolated more than other bacteria. The present 

study also exhibited that the percentage of 
isolates were (58.7%) in males and (29.03%) in 
females. This study agreed with study in Iran 
(13) reported that, (67%) of A. baumannii was in 
males and (32.6%) in female. Also study in 
Palestine (14) was reported that (62.5%) in male 
and (37.5%) in female, while the current result 
disagreed with study done in Iraq (15) was 
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reported that, A. baumannii in males (42%) less 
than in females (58%). The percentage of A. 
baumannii infection in males more than in 
females because males were more exposed to 
the wars than female. 
The result of this study showed that 100% of 
isolates are MDR when tested by standard disk 
diffusion method. The most result of antibiotic 
sensitivity that are the bacterial lowest 
resistance to colistin (44%) and tigecyclin 
(42.3%). This result is in agreement with study 
in USA by Qureshi et al., 2015 (16) who reported 
that about (50%) of isolates were resistant to 
colistin. While this result disagreed with the 
study done in Thailand (2012), who reported 
that (97%) of the isolates were sensitive to 
colistin (17). A study in Saudi Arabia showed that 
(3.9%) of isolated resistance to colistin by Al-
mously et al., 2013 (18). Because this treatment 
is of little use, so there is little resistance to it.  
In this study a very high percentage resistance 
of A. baumannii to antibiotic, similar findings 
showed in Thailand by Thummeepak et al., 
2016 (19) who found that A. baumannii clinical 
isolates developed (82.2%) of resistance to 
ceftazidime, (78.7%) to meropenem, (54%) to 
amikacin and (84%) to ciprofloxacin. Also, study 
by Ghajavand 2015 (13) who reported that 
resistance percentage (53%) to amikacin, (52%) 
of isolates resistance to impenim, (43%) to 
amikacin, (79%) to piperacillin, (86%) to 
ceftazidime and (87%) to ciprofloxacin.  
The existence of β-lactamases, which is the 
most predominate mechanism of β-lactam 
resistance. These enzymes, at least partly, 
hydrolyze carbapenems along with extra β-
lactams (20). Recently a new prolonged 
spectrum AmpC enzyme was recognized in A. 
baumannii, which able to hydrolyze aztronam, 
cefipime and ceftazidime (21). 
In this study among 75 clinical isolates (52%) of 
studied A. baumannii showed biofilm 
formation ability. This finding agreed with 
study conducted by Azizi et al., 2016 (22) who 
found that (63%) of clinical A. baumannii 
isolates were positive for biofilm formation. 
Another study in Iran 2014 reported that 
(66.6%) of isolated produce biofilm (6). Also 
study by Rodríguez-Baño et al., (23) who 

reported that Fifty-six (63%) of isolates formed 
biofilm.  
The differences in biofilm formation among 
clinical isolates, in association with the 
epidemicity of strains and the severity of 
infections (24). 
The current result showed that (86.7%) 
percentage of A. baumannii isolates have 
ompA gene, this result agreed with study 
conducted in Thailand (19) they found that 
(84%) of A. baumannii were harbored ompA 
gene, while other study in Iran reported that all 
isolates of A. baumannii (100%) had ompA 
gene (10,22). 
ompA has been exhibited to play a role in a 
numerous of interactions with the host during 
infection, involved adherence/invasion to 
epithelial cells, initiation of apoptosis in host 
cells and differentiation of host immune cells 
(25). 
This present study showed that the highest 
percentage of ompA gene were in males 
(55.4%) than in females (44.6%) but there is 
not denoting any major connection between 
the sex of the patients infected with A. 
baumannii and their chances of harboring 
ompA gene, this because the gene found in the 
same species bacteria which infect both female 
and male.  
According to the PCR result the highest 
percentage of positive isolates to ompA gene 
(53.8%) was in blood, while the lowest 
percentage (12.3%) was in urine.  
This study noted that the presence of ompA 
gene had no significant association with the 
presence of biofilm in clinical isolates, this 
result agreed with other result (19) reported 
that there were no significant differences 
between biofilm producer and non-biofilm 
producer in the presence of ompA gene.  
The current result showed that (34.7%) 
percentage of A. baumannii isolates have Bap 
gene. Which agreed with study conducted in 
Iran 2015 (10) who reported that (30%) of A. 
baumannii isolates positive for Bap gene while 
Fallah et al., 2017 (26) who found that (92%) of 
clinical isolates of A. baumannii positive to Bap 
gene. 
This study was found that, significant 
association between presence of Bap gene and 
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biofilm formation. The result of this study in 
agreement with the study (26) who reported 
that there was strong association between the 
presence of Bap gene and biofilm formation in 
A. baumannii isolates. While disagreed with the 
study (19) who reported that no significant 
association between presence of Bap gene and 
biofilm formation. A study has shown that Bap 
plays a role in static biofilm maturation and 
maintenance, increasing biofilm thickness on 
glass surfaces (7). 
From data presented in this study, we 
concluded that, biofilm formation is influenced 
by Bap genes, the ability of A. baumannii to 
construct or form biofilms could cause a high 
level of antibiotic resistance and survival 
properties. A. baumannii isolates are capable 
to form biofilms might be selected under 
antibiotic pressure, or conversely, A. 
baumannii might acquire resistance to multiple 
drugs from the biofilm communities.   
 
Acknowledgments 
The authors express their deepest gratitude to 
all staff of Microbiology Department, College of 
Medicine, Al- Nahrain University and staff of 
Laboratory Department of Children Welfare 
Hospital and Al- Imamein Al-Kadhimein 
Medical city for their endless cooperation by 
equipment and experiences. 
 
Author Contribution   
Talib: Preparation, performing and doing the 
tests of the research. Dr. Abd Al-Rahman: 
Interpretation the results done under her 
supervision, Dr. Ali: help in collection of 
samples. 
 
Conflict of interest  
The authors have no conflict of interest. 
 
Funding 
Self-funding. 
 
References 
1. Munoz-Price LS, Weinstein RA. Acinetobacter 

infection.  N Engl J Med. 2008; 358(2): 1271-81. 
doi: 10.1056/NEJMra070741. 

2. Perez F, Hujer AM, Hujer KM, et al. Global challenge 
of multidrug-resistant Acinetobacter baumanni. 

Antimicrob. Agents Chemother. 2007; 51: 3471-84. 
doi: 10.1128/AAC.01464-06. 

3. Imane M, Hafida H, Samia B, et al. Biofilm formation 
by Acinetobacter baumannii isolated from medical 
devices at the intensive care unit of the University 
Hospital of Tlemcen (Algeria). African J Microbiol Res. 

2014; 8(3): 270-6. doi: 10.5897/AJMR2013.6288. 
4. Hassan A, Usman J, Kaleem F, et al. Evaluation of 

different detection methods of biofilm formation in 
the clinical isolates. Braz J Infect Dis. 2011; 15(4), 
305-11. doi: https://doi.org/10.1016/S1413-
8670(11)70197-0. 

5. McConnell MJ, Actis L, Pachón J. Acinetobacter 
baumannii: Human infections, factors contributing to 
pathogenesis and animal models. FEMS Microbiol 
Rev. 2013; 37(2): 130-55. doi: 10.1111/j.1574-
6976.2012.00344.x. 

6. Babapour E, Haddadi A, Mirnejad R, et al. Biofilm 
formation in clinical isolates of nosocomial 
Acinetobacter baumannii and its relationship with 
multidrug resistance. Asian Pac J Trop Biomed.  2016; 
6(6): 528-33. doi: 
https://doi.org/10.1016/j.apjtb.2016.04.006. 

7. Loehfelm TW, Luke NR, Campagnari AA. Identification 
and characterization of an Acinetobacter baumannii 
biofilm-associated protein. J Bacteriol. 2008 
Feb;190(3):1036-44. doi: 10.1128/JB.01416-07. 

8. Gaddy JA, Tomaras AP, Actis LA. The Acinetobacter 
baumannii 19606 OmpA protein plays a role in 
biofilm formation on abiotic surfaces and in the 
interaction of this pathogen with eukaryotic cells. 
Infect Immun. 2009; 77(8): 3150-60. doi: 
10.1128/IAI.00096-09. 

9. Brossard KA, Campagnari AA. The Acinetobacter 
baumannii biofilm-associated protein plays a role in 
adherence to human epithelial cells. Infect Immun. 
2012; 80(1): 228-33. doi: 10.1128/IAI.05913-11. 

10. Badmasti F, Siadat SD, Bouzari S, et al. Molecular 
detection of genes related to biofilm formation in 
multidrug-resistant Acinetobacter baumannii isolated 
from clinical settings. J Med Microbiol. 2015; 64(Pt 
5): 559-64. doi: 10.1099/jmm.0.000058. 

11. Sambrook J, Russell DW. Molecular cloning: a 
laboratory manual Cold Spring Harbor. New York, 
USA, Cold Spring Harbor Laboratory Press; 2001. 

12. Al-Kadhmy IMS, Ali ANM, Salman IMA, et al. 
Molecular characterization of Acinetobacter 
baumannii isolated from Iraqi hospital environment. 
New Microbes New Infect. 2017; 21: 51-7. doi: 
10.1016/j.nmni.2017.10.010. 

13. Ghajavand H, Esfahani BN, Havaei SA, et al. 
Molecular identification of Acinetobacter baumannii 
isolated from intensive care units and their 
antimicrobial resistance patterns. Adv Biomed Res. 
2015; 4: 110. doi: 10.4103/2277-9175.157826. 

14. Al Jarousha AM, El Jadba AH, Al Afifi AS, et al. 
Nosocomial multidrug-resistant Acinetobacter 
baumannii in the neonatal intensive care unit in Gaza 
City, Palestine. Int J Infect Dis. 2009; 13(5): 623-8. 
doi: 10.1016/j.ijid.2008.08.029. 

http://dx.doi.org/10.5897/AJMR2013.6288
http://dx.doi.org/10.5897/AJMR2013.6288


Talib et al, Biofilm genes in multidrug-resistant in Acinobacter baumannii 

438 
 

 

15. Babakir-Mina M, Rashid K, Beg SS, et al. 
“Epidemiological Characteristics and Antibiotic 
Resistance of Acinetobacter baumannii Isolated from 
Burn Patients. EC Microbiology. 2017; 7.4: 112-20. 

16. Qureshi ZA, Hittle LE, O'Hara JA, et al. Colistin-
resistant acinetobacter baumannii: Beyond 
carbapenem resistance. Clin Infect Dis. 2015; 60(9): 
1295-303. doi: 10.1093/cid/civ048. 

17. Tunyapanit W, Pruekprasert P, Laoprasopwattana K, 
et al. Antimicrobial susceptibility of Acinetobacter 
baumannii isolated from hospital patients. 
ScienceAsia. 2014; 40: 28-34. doi: 
10.2306/scienceasia1513-1874.2014.40.028. 

18. Al-Mously N, Hakawi A, Author C. Acinetobacter 
baumannii bloodstream infections in a tertiary 
hospital: Antimicrobial resistance surveillance. Int J 
Infect Control. 2013; 9: 2–2. doi: 
10.3396/ijic.v9i2.012.13. 

19. Thummeepak R, Kongthai P, Leungtongkam U, et al. 
Distribution of virulence genes involved in, biofilm 
formation in multi-drug resistant acinetobacter 
Baumannii clinical isolates. Int Microbiol. 2016; 19(2): 
121-9. doi: 10.2436/20.1501.01.270. 

20. Jain R, Danziger LH. Multidrug-resistant 
Acinetobacter infections: An emerging challenge to 
clinicians. Ann Pharmacother. 2004; 38(9): 1449-59. 
doi: 10.1345/aph.1D592 

21. Rodríguez-Martínez, J. M., Nordmann, P., Ronco, E. & 
Poirel, L. Extended-spectrum cephalosporinase in 
Acinetobacter baumannii. Antimicrob Agents 

Chemother. 2010; 54: 3484-8. doi: 
10.1128/AAC.00050-10. 

22. Azizi O, Shahcheraghi F, Salimizand H, et al. 
Molecular analysis and expression of bap gene in 
biofilm-forming multi-drug-resistant Acinetobacter 
baumannii. Rep Biochem Mol Biol. 2016; 5(1): 62-72. 

23. Rodríguez-Baño J, Martí S, Soto S, et al. Biofilm 
formation in Acinetobacter baumannii: Associated 
features and clinical implications. Clin Microbiol 
Infect. 2008; 14(3):276-8. doi: 10.1111/j.1469-
0691.2007.01916.x. 

24. Longo F, Vuotto C, Donelli G.. Biofilm formation in 
Acinetobacter baumannii. New Microbiol. 2014; 
37(2): 119-27.  

25. Choi CH, Lee JS, Lee YC, et al. Acinetobacter 
baumannii invades epithelial cells and outer 
membrane protein A mediates interactions with 
epithelial cells. BMC Microbiol. 2008; 8: 216. doi: 
10.1186/1471-2180-8-216. 

26. Fallah A, Rezaee MA, Hasani A. Frequency of bap and 
cpaA virulence genes in drug resistant clinical isolates 
of acinetobacter baumannii and their role in biofilm 
formation. Iran J Basic Med Sci. 2017; 20(8): 849-855. 
doi: 10.22038/IJBMS.2017.9105. 
 

 

Correspondence to Sura S. Talib 
E-mail: sura.saadtalib@yahoo.com 

Received Sept. 2nd 2018 
Accepted Nov. 18th 2018 

 
 



  م2018هـ،  1440 ،رابعالالعدد  ،عشر ادسسالالمجلد 

DOI: 10.22578/IJMS.16.4.   
 

 المجلة العراقية للعلوم الطبية
 

 

 المشرف العام
 

 لاء غني حسينعالأستاذ الدكتور 
 

 

 تحريرالهيئة رئيس 
  حيدر صباح كاظمالأستاذ الدكتور 

 

 سكرتير التحرير 
  ماجد حميد احمدالمدرس الدكتور 

 

 التنفيذيةتحرير الئة هي
 

 حسن عزيز الحمداني الأستاذ الدكتور

 الكريم محمد علي عبد الأستاذ الدكتور

 حبيبالمي فاضل  ةالأستاذ الدكتور

 ريا سليمان بابان ةالأستاذ الدكتور

 أحمد رحمة ابو رغيف الأستاذ الدكتور

 الأمير حمد صاحب عبدأ الأستاذ الدكتور

 بان جمعة قاسم ةالأستاذ الدكتور

 أثير جواد عبد الأمير الأستاذ المساعد الدكتورة

 تقي سعدون عطية الأستاذ المساعد الدكتور

 علي فؤاد الهاشمي الأستاذ المساعد الدكتور

 
 صالحالدكتور نوفل كامل  الأستاذ المساعد المحرر اللغوي
 المياحالدكتور قاسم شرهان  الأستاذ المساعد المحرر المنضد

 إسراء سامي ناجي المجلةسكرتارية 

  
 

 (.7717516090 964+) نتلفوبغداد، العراق.  70044ن المراسلات إلى المجلة العراقية للعلوم الطبية، صندوق بريد اعنو

 2000لسنة  709رقم الإيداع في دار الكتب والوثائق ببغداد 
           




	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

