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Medicinal Fungi 
 

Azhar A.F. Al-Attraqchi PhD  
 

Dept. of Microbiology, College of Medicine, Al-Nahrain University, Baghdad, Iraq  

 
Abstract 
 

Medicinal fungi are those fungi, which produce medically significant metabolites or can be induced to produce such 
metabolites using biotechnology. The range of medically active compounds that have been identified include 
antibiotics, anti-cancer drugs, cholesterol inhibitors, psychotropic drugs, immunosuppressants and even fungicides. 
Although initial discoveries centered on simple molds of the type that cause spoilage of food, later work identified 
useful compounds across a wide range of fungi. 

Keywords Medicinal, fungi 
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lthough fungi products have been used in 
traditional and folk medicines, probably 
since pre-history, the ability to identify 

beneficial properties and then extract the active 
ingredient started with the discovery of 
penicillin by Alexander Fleming in 1928. Since 
that time, many additional antibiotics have 
been discovered and the potential for fungi to 
synthesize biologically active molecules, useful 
in a wide range of clinical therapies, has been 
extensively exploited. 
Pharmacological research has now isolated 
antifungal, antiviral, and antiprotozoan, isolates 
from fungi (1). 
The fungus with probably the longest record of 
medicinal use, Ganoderma lucidum, is known in 
Chinese as língzhī "spirit plant", and in Japanese 
as mannentake "10,000-year mushroom". 
Traditional Chinese medicine. Notable 
medicinal mushrooms with a well-documented 
history of use include Agaricus subrufescens (2). 
Studies have shown another species of genus 
Ganoderma, G. applanatum, contains 

compounds with anti-tumor and anti-fibrotic 
properties. 
Inonotus obliquus was used in Russia as early as 
the 16th century, and it featured in Alexandr 
Solzhenitsyn's 1967 novel Cancer Ward (3). 
 
Applications 
Cancer 
Paclitaxel is synthesized using Penicillium 
raistrickii and plant cell fermentation. Fungi can 
synthesize other mitotic inhibitors including 
vinblastine, vincristine, podophyllotoxin, 
griseofulvin, aurantiamine, oxaline, and 
neoxaline (4). 
11,11'-Dideoxyverticillin A, an isolate of marine 
Penicillium, was used to create dozens of semi-
synthetic anticancer compounds (5). 11,11'-
Dideoxyverticillin A, andrastin A, barceloneic 
acid A, and barceloneic acid B, are farnesyl 
transferase inhibitors that can be made by 
Penicillium (6). 3-O-Methylfunicone, anicequol, 
duclauxin, and rubratoxin B, are 
anticancer/cytotoxic metabolites of Penicillium. 
Penicillium is a potential source of the leukemia 
medicine asparaginase (7). 
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Antibacterial agents (antibiotics) 
Alexander Fleming led the way to the beta-
lactam antibiotics with the Penicillium mold and 
penicillin. Subsequent discoveries included 
alamethicin, aphidicolin, brefeldin A, 
cephalosporin, cerulenin, citromycin, 
eupenifeldin, fumagillin, fusafungine, fusidic 
acid, itaconic acid, MT81, nigrosporin B, usnic 
acid, verrucarin A, vermiculine and many others. 
Antibiotics retapamulin, tiamulin, and 
valnemulin are derivatives of the fungal 
metabolite pleuromutilin. Plectasin, 
austrocortilutein, austrocortirubin, coprinol, 
oudemansin A, strobilurin, illudin, pterulone, 
and sparassol are antibiotics isolated from 
basidiomycete species. Rene Dubos had 
reported the discovery of the first naturally 
derived antibiotic, tyrothricin, a compound of 
20% gramicidin and 80% tyrocidine, from B. 
brevis. It was one of the first commercially 
manufactured antibiotics and was very effective 
in treating wounds and ulcers during World War 
II (8). 
 
Cholesterol biosynthesis inhibitors 
Statins are an important class of cholesterol-
lowering drugs; the first generation of statins 
were derived from fungi (9). Lovastatin, the first 
commercial statin, was extracted from a 
fermentation broth of Aspergillus terreus (9). 
Industrial production is now capable of 
producing 70 mg lovastatin per kilogram of 
substrate (10). The red yeast rice fungus, 
Monascus purpureus, can synthesize lovastatin, 
mevastatin, and the simvastatin precursor 
monacolin J. Nicotinamide riboside, a 
cholesterol biosynthesis inhibitor, is made by 
Saccharomyces cerevisiae. 
 
Antifungals 
Some antifungals are derived or extracted from 
other fungal species. Griseofulvin is derived 
from a number of Penicillium species, 
caspofungin is derived from Glarea lozoyensis 
(11). Strobilurin, azoxystrobin, micafungin, and 
echinocandins, are all extracted from fungi. 
Anidulafungin is a derivative of an Aspergillus 
metabolite. 

 
Immunosuppressants 
Ciclosporin, was discovered in Tolypocladium 
inflatum. Bredinin was discovered in 
Eupenicillium brefeldianum. Mycophenolic acid 
was discovered in Penicillium stoloniferum. 
Thermophilic fungi were the source of the 
fingolimod precursor myriocin. Aspergillus 
synthesizes immunosuppressants gliotoxin and 
endocrocin. Subglutinols are 
immunosuppressants isolated from Fusarium 
subglutinans (12). Other compounds include 
mizoribine. 
 
Malaria 
Codinaeopsin, efrapeptins, zervamicins, and 
antiamoebin (13) are made by fungi. 
 
Diabetes 
Many fungal isolates act as DPP-4 inhibitors, 
alpha-glucosidase inhibitors, and alpha amylase 
inhibitors in vitro. Ternatin is a fungal isolate 
that suppresses hyperglycemia (14). Aspergillusol 
A is an alpha-glucosidase inhibitor made by 
Aspergillus. Sclerotiorin is an aldose reductase 
inhibitor made by Penicillium. 
 
Psychotropic effects 
A number of fungi have well documented 
psychotropic effects, some of them severe and 
associated with sometimes acute and life-
threatening side-effects (15). Well known 
amongst these is Amanita muscaria, the fly 
agaric. More widely used informally are a range 
of fungi collectively known as "magic 
mushrooms", which contain psilocybin and 
psilocin. 
The history of bread-making is also peppered 
with references to deadly ergotism caused by 
ergot, most commonly Claviceps purpurea, a 
parasite of cereal crops. A number of 
therapeutically useful drugs have subsequently 
been extracted from ergot including 
ergotamine, pergolide and cabergoline (16). 
Psychotropic compounds created from ergot 
alkaloids also include dihydroergotamine, 
methysergide, methylergometrine, hydergine, 
nicergoline, lisuride, bromocriptine, 
cabergoline, pergolide. Polyozellus 
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multiplexsynthesizes prolyl endopeptidase 
inhibitors polyozellin, thelephoric acid, 
kynapcins. Neurotrophic fungal isolates include 
L-theanine, tricholomalides, scabronines, 
termitomycesphins. Many fungi synthesize the 
partial, non-selective, serotonin receptor 
agonist/analog psilocin. 
A number of other fungal species, including 
species of Aspergillus and Penicillium, have been 
induced to produce ergot alkaloids. 
 
Vitamins 
Fungi are a source of ergosterol, which can be 
converted to vitamin D upon exposure to 
ultraviolet light to synthesize vitamins D2 
(ergocalciferol), D4 (22-dihydroergocalciferol), 
and D1 (Lumisterol+D2) (17,18). 
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Abstract 
 
Background Otitis media is a group of complex inflammatory disorders affecting the middle ear, which can be 

acute or chronic. Otitis externa is an inflammation on the skin of the external auditory canal usually 
associated with secondary bacterial and/or fungal infection of macerated skin and subcutaneous 
cellular tissue. 

Objective To investigate the effect of ginger extracts on fungal isolates from patients suffering from otitis. 

Methods Two hundred patients suffering from suppurative otitis media and externa who attended to ENT 
Department, Al-Imamein Al-Kadhimein Medical City enrolled in this study from November 2016 to 
the end of April 2017, included patients all age groups with discharging ear. All specimens were 
transported to the laboratory for processing and investigations at the same day. The powder of 
ginger rhizomes soaked with the solvent and left in a shaking water bath at 40 °C for 24 hours, and 
then filtered using Whatmann's filter paper No.1 for clear extract. Each extract was concentrated 
using a rotary evaporator with vacuum to get the final crude extract\; after the procedure of ginger 
extract was done, this extract was taken and tested for bacterial and fungal isolates from patients 
with otitis. 

Results Results revealed that acute otitis media consisted of about 96 (48%), while chronic suppurative 
otitis media about 75 (37.5%). Otitis externa was less common infection among the other types of 
otitis 29(14.50%). The most fungal isolates were Candida parapsilosis. In addition, there is a 
significant effect of (chloroform, methanol, and aqueous) extract of ginger on pathogenic fungi.   

Conclusion Ginger extracts have been showed evident zones of inhibition effect on pathogenic fungi by 
chloroform more than ethanol, with less effect by aqueous extract. 

Keywords Otitis externa, otitis media, ginger extract 

Citation Al-Attraqchi AAF, Sahib HB, Al-Hasseni JMK, Mohammed MM. The vitro study effect of ginger 
extracts on fungal isolated from a suppurative otitis media and externa. Iraqi JMS. 2019; 
17(1): 4-11. doi: 10.22578/IJMS.17.1.2 

 
List of abbreviations: AOM = Acute otitis media, CSOM = 
Chronic suppurative otitis media, OE = Otitis externa, DMSO = Dimethyl 
sulfoxide 
 

Introduction 
he infection of ear is a common clinical 
problem throughout the world and the 
major cause of preventable hearing loss 

in the developing world. Ear infection can be 

classified as acute otitis media (AOM), chronic 
suppurative otitis media (CSOM), and otitis 
externa (OE) (1). Otitis media is an infection of 
middle ear caused by bacteria, fungi and virus 
resulting in inflammation of mucosal lining (2). 
AOM is inflammation of the middle ear with the 
production of otorrhea and other symptoms but 
with less than two weeks of duration (3). In 
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developing countries, the natural course of the 
disease is different, leading to purulent otitis 
often with perforation and further 
complications (4). CSOM is a name given to long 
standing inflammatory disease affecting 
mucoperiosteal lining of the middle ear (5). 
Inflammation of the cutis and sub cutis of the 
external auditory canal is a primary symptom in 
acute otitis externa (6). OE, also called 
swimmer’s ear, involves diffuse inflammation of 
the external ear canal that may extend distally 
to the pinna and proximally to the tympanic 
membrane (7).  The treatment for ear infection 
mainly depends on antibiotic therapy.  Within 
consideration the major public health challenge 
for antibiotic resistant bacteria (8). So herbal 
medicine and homeopathy are interchangeable 
practiced together and sometimes confused (9). 
Plant derived products have been used for 
medicinal purposes for centuries. In traditional 
Indian medicine Zingiber officinale and many 
other herbs have been used as medicine (10). 
Today, the interest for use of herbs instead of 
chemical drugs is increasing because of lesser 
side effects (11). Rhizome part of ginger genus: 
Zingiber is extensively employed in medicine for 
the management of different diseased 
conditions (12). Zingiber aceae is among the plant 
families that are widely distributed throughout 
the tropics, particularly in Southeast Asia (13). 
Ginger is a strong antioxidant substance and 
may either mitigate or prevent generation of 
free radicals. This natural herbal product is 
known to have powerful antifungal properties 
(14). It is also having broad spectrum of biological 
activities includes antioxidant, antimicrobial, 
antitumor or antidiabetic effects (15). 
The objective of this study was to investigate 
the effect of ginger extracts on fungal isolates 
from patients suffering from otitis. 
 
Methods 
Samples collection: 
Two hundred patients suffering from CSOM and 
OE who attended to Al-Imamein Al-Kadhimein 
Medical City were enrolled in this study from 
November 2016 to the end of April 2017, 

included patients in all age groups who 
attended ENT Department with ear symptoms. 
The majority of patients were from Baghdad 
and its suburbs. All swabs specimens were 
collected from each patient in clean sterile 
swabs. These were labeled with code number 
and name.   All swabs samples were taken at 
same day that had been transported to 
laboratory for investigations. 
 
Preparation of ginger extract 
Five hundred grams of dried rhizomes of ginger 
(Zingiber officinale) were purchased from local 
markets in Baghdad –Iraq and was identified by 
the National Iraqi Institute for Herbs. The dried 
rhizomes grind into very fine powder using a 
heavy-duty grinder. The powder of ginger 
rhizomes, then divided into 12 portions, each 
portion extracted sequentially with three 
solvents beginning with the non-polar solvent 
and ascending to the most polar solvent 
respectively (chloroform, methanol and distilled 
water) with a ratio of 1:7 W/V (30 gm of 
powder/ 210 ml of solvent); the extraction 
repeated twice for each solvent and the process 
of extraction used was the cold method, i.e., 
Maceration. The powder of ginger rhizomes 
soaked with the solvent according to the ratio 
mentioned previously and left in a shaking 
water bath at 40 °C for 24 hours and then 
filtered using Whatmann's filter paper No. 1 for 
clear extract. Each extract was concentrated 
using a rotary evaporator with vacuum to get 
the final crude extract. The extract powder was 
weighed and kept in sterile bottles, labeled 
accordingly and stored in the refrigerator, 
according to Muslim et al. (2012) (16). One gm of 
the crude extracts of chloroform, methanol and 
aqueous extracts were dissolved in 10 ml 
Dimethyl sulfoxide (DMSO) as stock solutions. 
 
Antifungal test of extracts using agar well 
diffusion method 
The antifungal activity of different extracts 
against fungi was evaluated by using agar well 
diffusion method (17). Isolated colonies were 
selected from Sabouraud's dextrose agar plate 
cultures and transferred to 3ml of 0.85 % 
normal saline of a density equivalent to the 
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turbidity of the (0.5) McFarland standards. A 
sterile cotton swab was dipped into the fungal 
suspension; excess fluid inoculum from the 
swab was removed by pressing the swab firmly 
on the side wall of the tube above the fluid level, 
streaking of the inoculum was done over the 
entire sterile agar surface. This procedure was 
repeated by streaking 2 more times, rotating 
the plate approximately 60 ° each time to 
ensure an even distribution of inoculum as a 
final step, the rim of the agar was swabbed. The 
plates were left at room temperature for 15 
minutes to allow any excess surface moisture to 
be absorbed. Wells of 5 mm were punctured 
with the help of a sterilized cork-porer into the 
pre-solidified Mueller Hinton agar plates 
containing the test organism. Using the 
micropipette, 20 μl of each extract (chloroform, 
methanol, and aqueous) was poured into the 
different wells of the inoculated plates. DMSO 
well used as a negative control, fungal plates 
were incubated at 37 °C for 72 hrs. The 
diameters of zones of inhibition were 
measured, later on. 
 

Statistical analysis 
Data of this study samples were entered using 
EPI INFO7 Windows Version and analyzed by 
using statistical package for social sciences 
(SPSS) version 20. Descriptive statistics were 
presented as frequencies, percentage (%), 
means and standard deviation (SD). Chi square 
test was used to estimate the association 
between two categorical variables. Level of 
significance of ≤ 0.05 was considered as 
significant.  Analysis of variance (ANOVA) used 
for comparison among more the two groups. A 
paired samples T test used for comparison 
between two groups.  
 
Results 
Gender and age distribution of patients with 
ear infection 
A total of 200 patients suffering from otitis were 
enrolled in this study. The mean age of patients 
was (30.04), ranged from 7 days-80 years old. It 
was found that a half of patients were males as 
109 (54.50%) and 91 (45.50%) were females. 
Two hundred patients with otitis were classified 
into Seven age groups per decade (Table 1).  

Table 1. Classification of patients with otitis regarding age groups 
 

Age group No. Percentage % 

<10 years 50 25.0 
11-12 years 23 11.5 
21-30 years 35 17.5 
31-40 years 25 12.5 
41-50 years 30 15.0 
51-60 years 21 10.5 
>60 years 16 8.0 

Total 200 100% 

 
 

Isolation and identification of fungi 
Two hundred ear swab samples were collected 
from patients with otitis have been cultured on 
Sabouraud′s dextrose agar, the results revealed 

that thirty-two samples were positive for fungi 
(Table 2). 
Fungal isolates from patients with otitis: 
Table (3) summarized fungal isolates from 
patients with otitis as discussed below. 
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Table 2. Fungal species isolated from ear discharge 
 

Age group Frequency Percentage % 

Aspergillus spp. 4 2.0 
Candida parapsilosis 20 10.0 

Candida glabrata 1 0.5 
Microsporum audouinii 2 1.0 

Penicillium spp. 1 0.5 
Trichophytone 
mentogrophte 

4 2.0 

No growth 168 84.0 
Total 200 100% 

 
 

Table 3. Percentages of fungal isolates from patients with otitis 
 

Fungal isolate AOM CSOM OE Total  

Aspergillus spp. 2 (2.1%) 2 (2.7%) 0 (0.0%) 4 (2.0%) 
Candida parapsilosis 8 (8.4%) 7 (9.3%) 5 (17.2%) 20 (10.0%) 

Candida glabrata 1 (1.0%) 0 (0.0%) 0 (0.0%) 1 (0.5%) 
Microsporum audouinii 2 (2.1%) 0 (0.0%) 0 (0.0%) 2 (1.0%) 

Penicillium spp 1 (1.0%) 0 (0.0%) 0 (0.0%) 1 (0.5%) 
Trichophytone mentogrophte 3 (3.1%) 1 (1.3%) 0 (0.0%) 4 (2.0%) 

No growth 79 (82.3%) 65 (86.7%) 24 (82.8%) 168 (84.0%) 
Total 96 (100%) 75 (100%) 29 (100%) 200 (100%) 

p value 0.733 

 
Antifungal activity of ginger extracts fungal 
isolates  
The antifungal activities of ginger extract with 
(chloroform, methanol, and aqueous) have 
been tested against pathogenic fungal species 
isolates from patients with otitis (Table 4). In 
case of Aspergillus spp., chloroform extract 
revealed the larger mean of diameter of 
inhibition zones as (6.00±7.12 mm) followed by 
aqueous extract of ginger when the mean of 
diameter of inhibition zones as (4.00±4.62 mm), 
while methanol extract showed no effect. In 
Candida parapsilosis, chloroform extract was 
the strongest among the others when the mean 
of diameter of inhibition zones was (11.14±5.05 
mm), followed by methanol extract when the 
mean of diameter of inhibition zones was 
(7.57±4.08 mm), then aqueous extract of ginger 

as (4.86±4.51 mm). In Candida glabrata, 
chloroform extract was the strongest among the 
others when the mean of diameter of inhibition 
zones was (12 mm), followed by methanol 
extract, the mean of diameter of inhibition 
zones was (8 mm), then aqueous extract of 
ginger as (7 mm). Microsporum audouinii was 
inhibited by chloroform extract when the mean 
of diameter of inhibition zones as (22.50±16.26 
mm), followed by this obtained by aqueous 
extract of ginger as (12.50±0.71 mm), and then 
by this obtained by methanol extract as (7.00±0 
mm). Chloroform extract was the only effective 
agent against Trichophytone mentogrophte 
when the mean of diameter of inhibition zone 
was (8.50±5.7 4mm), while each of aqueous 
extract of ginger and methanol extract showed 
no effect. 
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Table 4. Antifungal activities of each of aqueous, methanol, and chloroform extract of ginger 
against pathogenic fungi isolated from patients with otitis 

 

 Mean of the diameter of inhibition Zones (mm) 

Fungal culture Chloroform Methanol Aqueous  Negative 
control 

Aspergillus spp. 6.00±7.12 0.00±0.00 4.00±4.62 0.00±0 
Candida parapsilosis 11.14±5.05 7.57±4.08 4.86±4.51 0.00±0 

Candida glabrata 12.0 8.0 7.0 0.00 
Microsporum audouinii 22.50±16.26 7.00±0 12.50±0.71 0.00±0 

Trichophytone mentogrophte 8.50±5.74 0.00±0 0.00±0 0.00±0 

                                              
Discussion 
Gender and age distribution of patients with 
ear infection 
In the present study, results indicated the 
percentage of infected males were 109 (54.50%) 
and females were 91(45.50%) out of 200 
patients with otitis, hence there was significant 
difference between males and females infection 
rate upon existing both in different condition, 
geographical variation, male may be more 
exposed to different conditions in work such as 
dust, humidity, and may be more actively 
involved in outdoor activities, hence to be more 
exposed to contaminated environment, in 
females wearing of scarfs may be considered an 
important factor to decrease infection, in 
addition to the differences in the No. of each 
involved in the study. This result agrees with 
other obtained by Almamory and Kamal in 2014 
(17) who mentioned that the rate of ear infection 
in males was higher than females, while 
disagree with this obtained by Khammas and 
Abbas in 2010 (18) who mentioned that the rate 
of ear infection in females was higher than 
those of males. In the current study and 
according to the result of age of patients with 
ear infection revealed that all age groups could 
be developed  otitis with significant differences, 
the highest infection rate was (50) cases 
occurred in the age group (≤10) years, the 
plausible explanation of these result that  
children and infants may  have low resistance to 
infection, and because of relative short and 
straight Eustachian tube (19), the lower immune 
system of children compared to adults, and the 
fact that bacteria adhere better to epithelial 

cells of children than adults (20). This result 
agrees with other study, done by Jayakar et al in 
2014 (21) who proved that there were significant 
differences in the distribution of age in ear 
infection.  
 
Fungal isolates from patients with otitis 
Through this work it was found that fungi have 
a good role in otitis. The highest percentage of 
infection which caused by Candida parapsiolosis 
as 20 (10.0%), this agree with Al Husaini and 
Abu-serag in 2016 (22) who proved that Candida 
parapsilosis was the predominant species as 
(31.95%). Trichophytone mentogrophte consist 
of 4 (2.0%), then Microsporum audouinii as 2 
(1.0%), followed by Penicillium spp. and Candida 
glabrata when the percentage of infection was 
1 (0.5%). These results agree with Aremu and 
Alabi in 2011 (23) who found the most fungi 
caused CSOM was Candida spp. followed by 
Aspergillus spp. In case of acute otitis media, it 
was found that the most common fungi were 
Candida spp. followed by Aspergillus spp., this 
disagree with that obtained by Almamory and 
Kamal in 2014 (17) who proved the highest 
frequency of infection by Aspergillus spp. and 
the lowest percentage was due to Alternaria 
spp. When there were no any isolates of 
Candida spp. The plausible explanation of this 
phenomenon that humidity, low hygienic 
condition may have a role of developing these 
cases of infection. Regarding Penicillium spp. 
the percentage of infection was only 1 (0.5%) 
and this agree with Kiakojuri et al in 2015 (24) 
who found only one case of otitis caused by 
Penicillium spp. Also, it was found that each of 
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Trichophytone mentogrophte and Microsporum 
audouinii were responsible of AOM when there 
were no previous compatible studies to 
compare this result with. Ear self-cleaning is the 
most common predisposing factor for infection 
because this will lead to remove the protective 
ear wax (25). 
 
Antifungal activity of ginger extract versus 
chloroform, methanol, and aqueous 
Table (4), showed Aspergillus spp. it has been 
found that chloroform extract had the larger 
inhibition zones of mean of diameters as 
(6.00±7.12 mm) followed by aqueous extract 
with a mean of diameters of inhibition zones as 
(4.00±4.62 mm), while methanol extract 
showed no effect at all. This study disagrees 
with this by Ikegbunam et al in 2015 (26) who 
found that the aqueous extract of ginger had no 
effect on Aspergillus spp. and agree with Abd El-
khalek et al in 2016 (27) who mentioned that 
ginger aqueous extract have an effect on 
Aspergillus spp., these incompatibilities in 
results may due the differences in the local 
prepared ginger, technique used into specific 
variation among the local isolates of Aspergillus 
spp. In Candida parapsilosis, chloroform extract 
was the strongest among the other when the 
mean of the diameter of inhibition zones was 
(11.14±5.05 mm), followed by methanol extract 
when the mean of diameter of inhibition zones 
was (7.57±4.08 mm), then aqueous extract of 
ginger as (4.86±4.51 mm). In Candida glabrata, 
chloroform extract was the strongest among the 
other when the mean of the diameter of 
inhibition zones was (12 mm), followed by 
methanol extract the mean of  diameter of 
inhibition zones was (8 mm), then aqueous 
extract of ginger as (7 mm), these results 
disagree with those obtained by Jasim et al 
(2013) (28) who mentioned that aqueous extract 
of ginger have no effect on  each of Candida 
parapsilosis, and on Candida glabrata at all. This 
discrepancy may due to the above reasons. The 
growth of Microsporum audouinii was inhibited 
by chloroform extract when the mean of 
diameter of inhibition zones as (22.50±16.26 
mm), flowed by this obtained by aqueous 
extract of ginger as (12.50±0.71 mm), then by 
this obtained by methanol extract as (7.00±0 

mm), this study with the first applying this 
agents against Microsporum audouinii as 
antifungal, the higher activity of the chloroform 
extract could be attributed to the presence of 
more phytochemicals than in this methanol 
extract. Chloroform extract was the only 
effective agent against Trichophytone 
mentogrophte when the mean of diameter of 
inhibition zone was (8.50±5.74 mm), while each 
of aqueous extract and methanol extract of 
ginger showed no effect at all and this may 
because the nature of the structure of hyphae 
of Trichophytone mentogrophte that may be 
resist to methanol and aqueous extract and 
sensitive to chloroform extract because 
chloroform extract has more phytochemicals. 
There is no such compatible study to compare 
these results with. 
This study had concluded that the most 
frequent fungi isolated from patients with otitis 
it was Candida parapsilosis, followed by 
Aspergillus spp. The percentage of AOM is the 
highest among the other types of infection and 
the lower one is otitis externa. The age group 
≤10 years old were the highest among other 
groups in developing otitis. Chloroform extract 
of ginger is the most effective as an antifungal 
followed by methanol extract, while aqueous 
extract to less evident of inhibition zones.  
This study recommended that in vivo Study of 
ginger extracts to evaluate its less toxicity to be 
used as a drug of choice in otitis for human in 
future instead of antimycotics because it has a 
dual activity (antibacterial and 
Microsporumaudouinii antifungal) and because 
it is less toxic than chemicals.   
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Abstract 
 
Background Hodgkin lymphoma (HL) is a highly curable malignancy. It is a unique neoplasm, in which the 

malignant cell is the Reed-Stenberg cell (RSC); it constitutes approximately 40% of all lymphomas 
that present during childhood. 

Objective To obtain local data on the pattern of childhood and adolescent HL in our community at 
presentation and then compare it with the international figure. 

Methods Eighty-five patients with newly diagnosed pediatric HL were admitted to Hiwa 
Hematology/Oncology Hospital in Sulaimaniya province of Iraqi Kurdistan were included in this 
study, they were studied prospectively from March 2006 to March 2014. The patients staged by 
Ann Arbor Staging system and categories into three risk group depending on the Stage and 
Number of Nodal Sites and the presence of Bulky Disease. Data analyzed using SPSS software; 
version 13 and P-value obtained by Chi-square test. 

Results The median age at diagnosis was about 13.7 years with peak age of incidence was between 15-18 
year and with male predominance. Most common site of the primary tumor was cervical lymph 
nodes; nodular sclerosis was the most common histopathological subtype and the majorities were 
presented in stage IIA.  

Conclusion The stage in this study was age dependent but neither there was relation between the site of the 
primary tumor and the risk categories nor relation between risk categories and sex. 

Keywords Hodgkin lymphoma, stage, sex distribution, risk category 

Citation Abdallah BK, Rashid NG, Tawfiq SA. Pediatric Hodgkin lymphoma in Iraq-KRG-Sulaimani. Iraqi 
JMS. 2019; 17(1): 12-17. doi: 10.22578/IJMS.17.1.3. 

 
List of abbreviations: HL = Hodgkin lymphoma, LDHL = 
Lymphocytic depletion Hodgkin lymphoma, LRCHL = Lymphocytic rich 
cellularity Hodgkin lymphoma, MCHL = Mixed cellularity Hodgkin 
lymphoma, NLPHL = Nodular lymphocytic predominant Hodgkin 
lymphoma, NSHL = Nodular sclerosis Hodgkin lymphoma  
 

Introduction 
ormally known as Hodgkin’s disease, 
Hodgkin lymphoma (HL) is a highly 
curable malignancy. It is a unique 

neoplasm in which the malignant cell, the Reed-
Stenberg cell (RSC), represents only a small 
proportion of cells constituting the bulk of the 
tumor. It also has very particular clinical 
characteristics and distinct biological behavior. 
HL is a rather rare malignancy in the pediatric 

population; however, it constitutes 
approximately 40% of all lymphomas that 
present during childhood and is the most 
common malignancy in adolescents and young 
adults. In all age groups, HL is highly sensitive to 
chemotherapy and irradiation. In fact, HL was 
the first cancer to be cured with radiation 
therapy alone or with a combination of several 
chemotherapeutic agents. The cure rate for 
children and adolescents with HL has steadily 
improved over the years, particularly with the 
introduction of combined radiation and 
multiagent chemotherapy (1). This therapeutic 
success has come at the price of serious long-
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term toxicities, such that a 30-year survivor of 
HL is more likely to die of therapy-related 
complications rather than from HL. Therefore, 
the therapeutic paradigm has shifted toward 
reducing treatment-associated toxicity while 
maintaining high cure rates. This new paradigm 
has led to the current risk-adapted, response-
based approach to the treatment of HL (2-4). 
This study aimed to obtain local data on the 
pattern of childhood and adolescent Hodgkin 
lymphoma in our community at presentation 
and then to compare it with the international 
figure. 
 
Methods 
Eighty-five patients with newly diagnosed 
pediatric and adolescent HL were admitted to 
Hiwa Hematology/Oncology Hospital in the 
Sulaimaniya province of Kurdistan/ Iraq. They 
were studied prospectively from March 2006 to 
March 2014. 
 
Inclusion criteria 

1. All children and adolescents aged 18 years 
or younger.  

2. Randomly collected regardless to the 
gender. 

3. Histopathologically proved HL.  
4. Newly diagnosed patients who were not 

treated previously by chemotherapy. 
 
Exclusion criteria 

1. Age more than 18 years. 
2. Relapsed HL or previously treated with 

chemotherapy.  
 
Study requirements  
All the targeted patients had their Sulaimaniya 
facilities of hitopathological diagnosis, complete 
blood count (CBC), blood film, erythrocyte 
sedimentation rate (ESR), liver function test, 
serum alkaline phosphates, hepatitis B serology, 
hepatitis C serology, human immunodeficiency 
virus serology, renal function test, serum 
electrolyte, serum lactic dehydrogenase (LDH), 
serum ferritin level, abdominal ultrasound, 
chest X-ray, echocardiography, computerized 
tomography (CT)-scan and/or magnetic 

resonance imaging (MRI) of the primary site, 
chest and abdomen, bone marrow aspirate and 
trephine biopsy was done for those with one or 
more of the following criteria: 

1. Patients with clinical stage III or stage IX. 
2. Patients with B symptoms. 
3. Patients with cytopenia on CBC. 
4. Patients with elevated serum alkaline 

phosphates. 
Positron emission tomography (PET) scan and 
Epstein-Barr (EB) virus Study were not done for 
the majority of the case because it was not 
available. 
The patients were staged according to the 
Modified Ann Arbor Staging system (1,5,6). 
Stage I  
Involvement of a single lymph node region or 
lymphoid structure. 
Stage II 
Involvement of two or more lymph node regions 
or localized involvement of one extranodal site 
and one or lymph node regions, all on the same 
side of the diaphragm. 
Stage III 
Involvement of lymph node regions or 
structures on both sides of the diaphragm. 
Stage IV 
Diffuse or disseminated involvement of one or 
more extralymphatic organs, or isolated 
extralymphatic organ involvement without 
adjacent regional lymph node involvement, but 
with disease in distant site(s), or any 
involvement of the liver, bone marrow, pleura 
or cerebrospinal fluid (CSF). 
According to their HL risk categories depending 
on the stage and number of nodal sites and the 
presence of bulky disease, favorable-risk 
pediatric HL (stage IA or IIA with < 3 nodal sites, 
and some IIIA without bulky disease), 
intermediate-risk disease (stage IIA bulky 
disease with extension or =3 nodal sites, stage 
IB, IIB, stage IIIA, stage IVA) and advanced or 
unfavorable pediatric HL (all other patients that 
were not included in the favorable or the  
intermediate risk groups). 
Data analyzed using Statistical package for social 
sciences (SPSS) software; version 13 and P-value 
obtained by Chi-square test, P value less than 
0.05 considered as significant. 
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Results 
Among 85 patients with HL studied, 59 patients 
(69.41%) were males and 26 patients (30.58%) 

were females. The male:female ratio was 
2.27:1. 
 A median age at diagnosis was about 13.7 years 
with peak age of incidence was between 15-18 
years. Table 1 shows the age distribution.  

 
 

Table 1. Age distribution of Hodgkin's lymphoma at diagnosis 
 

Age in years No. of patients Percent (%) 

0-4 4 4.7 
5-9 17 20.0 

10-14 25 29.4 
15-18 39 45.9 

 
 

The most common site of the primary tumor 
was the cervical lymph nodes, which were the 
primary site of the tumor in 48 out of 85 
patients (56.47%), followed by isolated 
mediastinal primary which occurred in 13 
patients (15.29%), axillary lymph nodes primary 
in 8 patients (9.41%), primary inguinal lymph 
nodes involvement occurred in 7 patients 
(8.23%), retroperitoneal lymph nodes primary 
in 5 patients (5.88%) and isolated splenic 
involvement occurred in 4 patients (4.7%).   
Among the 85 patients with HL studied, 44 
patients (51.76%) had nodular sclerosis HL 
(NSHL), 23 patients (27.05%) had mixed 
cellularity HL (MCHL), 12 patients (14.11%) had 
lymphocytic rich cellularity HL (LRCHL), 1 patient 
(1.17%) had Lymphocytic depletion HL (LDHL) 
and 5 patients (5.88%) were nodular 
lymphocytic predominant HL (NLPHL).  
Regarding modified Ann Arbor Staging of the 
studied patients, 9 patients (10.59%) were in 
Stage I, three of them (3.53%) with B symptoms, 
37 patients (43.53%) were in Stage II, 12 of them 
(14.12%) with B symptoms, 31 patients (36.47%) 
were in Stage III, 9 of them (10.59%) with Stage 
III B and 8 of patients (9.41%) were in Stage IV, 
three of them with Stage IV B.  
According to HL risk categories that depend on 
the stage and number of nodal sites and the 
presence of bulky disease, favorable-risk 
pediatric Hodgkin lymphoma (stage IA or IIA 

with < 3 nodal sites, and some IIIA without bulky 
disease) were occurred in 31 patients (36.47%), 
intermediate-risk disease (stage IIA bulky 
disease with extension or = 3 nodal sites, stage 
IB, IIB, stage IIIA, stage IVA) occurred  in 42 
patients (49.41%) and advanced or unfavorable 
pediatric Hodgkin lymphoma that included all 
other patients that who were not included in 
the favorable or the  intermediate risk groups) 
occurred in 12 patients (14.12%).   
This study showed that there is significant 
correlation between age and risk categories so 
that favorable risk category occurred more in 
younger age patients and high-risk category 
found in older children and adolescent (Table 2). 
This study found that there was statistic 
significant correlation (P-value = 0.03408) 
between age and sex as there was male 
predominance in young patients less than 10 
years, while male to female ratio tend to be 
decrease with increasing age.   
Table 3 shows age in relation to the sex (P-value 
= 0.03408). 
Also, there was significant correlation between 
Age and Histopathological subtypes of HL, 
showing that MCHL found to be more common 
among children less than 10 years old, whereas 
NSHL found more in patients above 10 years old 
(P-Value = 0.05). 
This study showed that there was significant 
statistic relation between histopathological 
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subtypes and risk categories, showing that 
larger number of LDHL and NSHL fall in high risk 
group, whereas larger number of LRCHL and 
NLPHL fall in the favorable risk group (Table 4). 
There was no significant statistic relation 
between the site of the primary tumor and the 

risk categories in the current study (P-Value = 
0.78195).  
Also, there was no significant statistic relation 
between risk categories and sex (P-Value = 
0.66731). 

 
Table 2. Relation between age and the risk categories  

 

Age in Years 
Risk Categories Number/(Percentage) 

Favorable Risk 
Group 

Intermediate Risk 
Group 

High Risk Group 

0-4 2 (50.0%) 1 (25.0%) 1 (25.0%) 
5-9 12 (70.59%) 4 (23.53%) 1 (5.88%) 

10-14 9 (36.0%) 13 (52.0%) 3 (12.0%) 
15-18 8 (20.51%) 24 (61.54%) 7 (17.95%) 

    Chi-square test P-value = 0.02997 

 
 

Table 3. Age in relation to the sex 
 

Age in years 
Male 

No. / total (%) 
Female 

No. / total (%) 

0-4 3/4 (75.0%) 1/4 (25.0%) 
5-9 15/17 (88.24%) 2/17 (23.53%) 

10-14 20/25 (80.0%) 5/25 (20.0%) 
15-18 21/39 (53.85%) 18/39 (46.15%) 

    Chi-square test P-value = 0.03408 
 

 
Table 4. The relation of histological subtype and risk categories risk categories NSHL 

 
Risk 

Categories 
NSHL 

No./Total (%) 
MCHL 

No./Total (%) 
LRCHL 

No./Total (%) 
LDHL 

No./Total (%) 
NLPHL 

No./Total (%) 

Favorable 
Risk Group 

17/31 
(54.84%) 

2/31 
(6.45%) 

9/31 
(29.0%) 

0/27 
(0.0%) 

2/31 
(6.45%) 

Intermediate 
Risk Group 

21/42 
(50.0%) 

15/42 
(35.71%) 

3/42 
(7.14%) 

0/42 
(0.0%) 

3/42 
(7.14%) 

High Risk 
Group 

6/12 
(50.0%) 

5/12 
(41.7%) 

0/12 
(0.0%) 

1/12 
(8.3%) 

0/12 
(0.0%) 

 Chi-square test P-value = 0.00827                                         
 
Discussion 
Pediatric and adolescent HL cancer continues to 
be the leading cause of death in children 
younger than 15 years old, and lymphomas are 
among the most common cancers seen in 

children. Fortunately, survival rates for 
childhood cancers have increased significantly 
over the years. Children respond to and deal 
with chemotherapy better than adults. Today, 
96% of children diagnosed with Hodgkin's 
disease will survive 5 or more years (7). However; 
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those with high-risk disease continue to have 
poor outcomes. 
The total number of cases studied was eighty-
five, over a period of eight years. It found that 
males were affected more than females with 
The male:female ratio of 2.27:1; also our study 
found that there was significant correlation 
between age and sex as there was more male 
predominance in young patients less than 10 
years, while male to female ratio tend to be 
decrease with increasing age, this figure is 
similar to male: female ratio in other studies 
which showed that children younger than 5 
years show a strong male predominance (M:F = 
5:3) and children aged 15 to 19 years show a 
slight female predominance (M:F = 0.8) (3,7). 
Peak age incidence at presentation in present 
study was 15-18 years which was represent 
45.9% of cases, In the USA, the incidence of HL 
is age-related and is highest among adolescents 
aged 15 to 19 years (29 cases per million per 
year), whereas children ages 10 to 14 years, 5 to 
9 years, and 0 to 4 years having approximately 
threefold, eightfold, and 30-fold lower rates, 
respectively. In non-European Union countries, 
there is a similar rate in young adults but a much 
higher incidence in childhood (7). 
In the current study the median age at diagnosis 
was about 13.7 years which was lower than that 
showed by study done in USA (median age: 
15.6) (8,9). 
This younger median age at diagnosis in the 
present study might be due to the high 
incidence of EB virus infection in earlier age in 
our region; however, this concept should be 
confirmed by studying the EB virus genomes in 
the HL cells. 
This study had concluded that pediatric HL was 
higher in male than female in our community. A 
median age at diagnosis was about 13.7 years 
with peak age of incidence between 15-18 years 
and the majority of the patients presented with 
cervical lymph nodes primary at the time of 
diagnosis. Nodular sclerosis histopathology is 
the most common. 
Most of the patients had stage II with 
Intermediate risk category. 
There was strong correlation between age and 
advanced stage which meant that stage is age 
dependent and significant correlation between 

age and sex as there was more male 
predominance in young patients less than 10 
years. Also, there was significant correlation 
between age and histopathology of HL in our 
study with mixed cellularity found to be more 
common among children less than 10 years old. 
Neither there was relation between the site of 
the primary tumor and the risk categories nor 
relation between risk categories and sex. 
Despite absence of PET scan for the majority of 
patients for proposed risk stratification system 
for purpose of risk categories, significant 
number of our patients got intermediate and 
high-risk category.   
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Abstract 
 
Background Neurotrophic keratopathy as a consequence of laser retinal photocoagulation is not uncommon 

problem but unfortunately and unfortunately it is not well evaluated in Iraq as well as the world. 

Objective To estimate the incidence of neurotrophic keratophathy in association with diode endolaser 
retinal photocoagulation. 

Methods This cross-sectional descriptive study was conducted in vitreoretinal clinic at Ibn-Alhaithum 
Teaching Eye Hospital in Baghdad. Patients were selected during a period from April 2013 to 
January 2014, all patients were examined by slit- lamp microscope, and condensing lens + 78 
Diopter for dilated fundus examination and cotton wisp to assess corneal sensation. Positive cases 
documented by anterior segment photograph. 

Results The study sample consisted of 108 vitrectomizd eyes of 108 patients, their ages ranged between 
5-65 years old with mean of (35.5 years), 42 of them were females and 66 of them were males. By 
follow up of those patients; 13 of their eyes (12%) developed neurotrophic keratopathy. It had 
been found that 61.5% of those eyes manifested as stage II, while 30.8% presented as stage I and 
only 7.7% presented as stage III. 

Conclusion Diode endolaser retinal photocoagulation may be an unrecognized reason for neurotrophic 
keratopathy 

Keywords neurotrophic keratophathy, diode endolaser retinal photocoagulation, pars plana vitrectomy, 
diode laser 810 nm 

Citation Al-Quraishi NKM, Mohammad AA, Mahdi HA. Incidence of neurotrophic keratopathy in 
association with diode endolaser retinal photocoagulation. Iraqi JMS. 2019; 17(1): 18-23. doi: 
10.22578/IJMS.17.1.4 

 
List of abbreviations: BIOM = Binocular indirect ophthalmo 
microscope, Ca=Calcium CO2 = Carbonic dioxide, MMPs = Matrix 
metalloproteinases, PPV=Pars plana vitrectomy, SDM=Sub visible diode 
micro pulse, Zn = Zinc  
 

Introduction 
he cornea is the principal refractive 
surface of the human eye and along with 
the sclera forms the outermost coat of 

the eyeball. It constitutes up to one-sixth of the 
entire eyeball. The corneal epithelium is derived 
from the surface ectoderm and the mesoderm 

gives rise to Bowman’s layer, stroma, 
Descemet’s membrane and endothelium. Tear 
film keeps the corneal surface moist and 
prevents the adherence of microbes. It also has 
many biologically active substances such as 
histamines, interleukins, prostaglandins and 
growth factors. Some of these factors modulate 
corneal epithelial migration, proliferation and 
differentiation (1). 
The cornea is primarily supplied by the sensory 
nerves derived from the ciliary nerves of the 
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ophthalmic branch of the trigeminal nerve. The 
long ciliary nerves supply the perilimbal nerve 
ring. Nerve fibers penetrate the cornea in the 
deep peripheral stroma radially and then course 
anteriorly forming a terminal sub epithelial 
plexus. Presence of corneal sensation is vital to 
the maintenance of the integrity of the cornea. 
In cases of herpes simplex, herpes zoster and 
diabetes, corneal sensations are diminished and 
this may lead to persistent epithelial defects or 
delayed epithelial wound healing (1,2). 
The diode lasers emit a wavelength of 810 nm 
infrared in continuous wave mode. In the eye, 
diode laser light is absorbed only by melanin and 
consequently is most commonly used for retinal 
photocoagulation. Low scattering of this 
wavelength ensures good penetration of the 
ocular media and of edematous retina. The 810 
nm wavelength also penetrates the sclera (3). 
Common clinical protocols use intra-operatively 
visible endpoints that cause iatrogenic 
chorioretinal damage. For this reason, laser 
therapy is normally limited to levels of disease 
severity for which the benefit-to-risk ratio 
justifies its application. The use of 810 nm diode 
laser in the Micro Pulse mode offers the surgeon 
the possibility to minimize iatrogenic retinal 
damage (4). 
 
Pars plana vitrectomy (PPV)  
Small instruments, inserted through the pars 
plana, are used to cut and remove vitreous, peel 
membranes, and laser photocoagulate 
providing treatment to various posterior 
segment pathologies (5). 
 
Neurotrophic keratitis 
Neurotrophic keratitis is a degenerative disease 
of corneal epithelium characterized by impaired 
healing. Absence of corneal sensitivity is the 
hallmark of the condition, which may end in 
corneal stromal melting and perforation. The 
causes of decreased corneal sensation are 
myriad and may affect sensory nerve supply 
from the trigeminal nucleus to the corneal nerve 
endings. Reduced corneal sensation renders the 
corneal surface prone to occult injury and 

decreases reflex tearing; it also appears to 
decrease healing rates of corneal epithelial 
injuries. Vulnerability and poor healing 
secondary to corneal sensory denervation favor 
the formation of nonhealing epithelial defects 
that tend to ulcerate and ultimately perforate if 
not appropriately treated in a timely fashion (6). 
 
Clinical stages of neurotrophic keratitis 
Stage I: punctate epithelial staining with 
fluorescein  
Stage II: Acute loss of epithelium 
Stage III: Stromal lysis 
This study was conducted to estimate the 
incidence of neurotrophic keratophathy in 
association with diode endolaser retinal 
photocoagulation. 
 
Methods 
This cross-sectional descriptive study was 
conducted in Ibn-Alhaithum Teaching Hospital, 
the Vitreoretinal Clinic, from April 2013 to 
January 2014. A one hundred eight sample of 
patients received diode laser retinal 
photocoagulation during pars plana vitrectomy 
done by three vitreoretinal surgeons. The 
patients who were enrolled in this study include 
all vitrectomizd patients who were attending 
the vitreoretinal clinic of the three vitreoretinal 
surgeons. 
 
Exclusion criteria 
Patients with diabetes, corneal surgery, 
herpetic eye disease, chronic glaucoma 
medication, patients with pars plana vitrectomy 
but without endolaser and age above 65 years 
(old age group). 
 
Collection of data 
Data were collected using a pre-constructed 
data collection form, which was formulated for 
purpose of this study and it was validated by the 
supervisor. The data collected included: 
1. Name 
2. Age 
3. Gender 
4. History of diabetes 
5. Previous corneal surgery 
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6. History of herpetic infection 
7. History of chronic drug use (especially 

glaucoma medication) 
8. History of contact lens use 
9. Duration of operation  
10. Scraping of corneal epithelium 
11. Pattern of laser (localized or 360 degree) 
12. Visual acuity 
13. Treatment 

 
The followings were taken from the case sheet 
of the patients: 
Name of senior 
Reference number 
Date of operation 
 
All patients were examined using slit- lamp 
microscope, condensing lens    +78 diopter for 
dilated fundus examination and cotton wisp to 

assess corneal sensation. Positive cases 
documented by anterior segment photograph. 
 
Ethical issue 
This research has been approved by scientific 
council of ophthalmology. 
Verbal consent has been obtained from the 
patients. 
 
Statistical analysis 
Statistical analysis was conducted by using Excel 
Microsoft Office 2013. 
 
Results 
The study sample consisted of 108 vitrectomizd 
eyes of 108 patients, their ages ranged between 
5-65 years old with mean of (35.5 years), 42 of 
them were related to females and 66 were 
related to males as shown in table 1. 
 

 
Table 1. Baseline characteristics of study group 

 

Gender Number Percentage 

Female 42 38.8 
Male 66 61.2 

Total 108 100 

 
The higher incidence of neurotrophic 
keratopathy occurs among age group range 
from 25years to less than 35 years as shown in 
table 2. 
By follow up of those patients; 13 of their eyes 
(12%) develops neurotrophic keratopathy as 
shown in figure 1. 

It had been found that 61.5% of those eyes 
manifested as stage II, while 30.8% presented as 
stage I and only 7.7% presented as stage III as 
shown in table 3. 

   
Table 2. The incidence of neurotrophic keratopathy among different age groups 

 

Age (years) Frequency Percentage  

5-14 2 15.39 
15-24 1 7.69 
25-34 5 38.47 
35-44 2 15.39 
45-54 2 15.39 
55-64 1 7.69 
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12%
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keratopathy; 88%

WITH KERATOPATHY
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Figure 1. Incidence of neurotrophic keratopathy in association with diode endolaser retinal 
photocoagulation 

 
 

Table 3. Frequency distribution and percentage of clinical stage 
 

Clinical stage Number of eyes Percentage 

Stage 1 * 4 30.8 
Stage 2 ** 8 61.5 

Stage 3 *** 1 7.7 

Total 13 100 

      * stage I: Punctate epithelial staining with fluorescein 
      ** stage II: Epithelial defect 
      *** stage III: Stromal lysis, sometimes resulting in corneal perforation 

 
                                              
Discussion 
Neurotrophic keratitis is a degenerative disease 
of corneal epithelium characterized by impaired 
healing. Absence of corneal sensitivity is the 
hallmark of the condition. The causes of 
decreased corneal sensation are myriad and 
may affect sensory nerve supply from the 
trigeminal nucleus to the corneal nerve endings 

(7). One of the iatrogenic causes of neurotrophic 
keratophathy is trauma to ciliary nerves by laser 
(1,6,8).  
The diode lasers emit a wavelength of 810 nm 
infrared in continuous wave mode. Low 
scattering of this wavelength ensures good 
penetration of the ocular media and of 
edematous retina. The 810 nm wavelength also 
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penetrates the sclera (4). It is of high power and 
deeper penetration into the choroids (9). Sub 
visible diode micro pulse (SDM) is applied for 
non-damaging retinal phototherapy by using 
shorter bursts with small spot size (100-200 
micrometer) (10). 
In the present study, 108 patients; who had 
undergone pars plana vitrectomy with diode 
endolaser retinal photocoagulation; 13 (12%) of 
them developed neurotrophic keratopathy. 
Other causes of neurotrophic keratopathy were 
excluded to illustrate the association with diode 
endolaser retinal photocoagulation. Laser 
retinal photocoagulation well known to cause 
this condition and the diode laser specifically 
has physical ability to be absorbed by the fundus 
to somewhat unpredictable way (10). Diode laser 
pan retinal photocoagulation associated with 
neurotrophic keratopathy especially while using 
it in high power (11). 
Unfortunately, there are no studies similar to 
this study to compare with. Recently, two 
studies were published that support this study. 
Banerjee et al report a series of 5 cases of 
patients without diabetes who developed 
neuropathic corneal ulceration presumed 
secondary to long ciliary nerve compromise 
following vitrectomy surgery with endolaser 
and silicone oil tamponade for retinal 
detachment (12). Doyle et al found that pars 
plana vitrectomy with pan retinal 
photocoagulation may be an unrecognized 
cause of neurotrophic keratopathy (13).  
So, the question that could be answered is that 
the diode endolaser retinal photocoagulation 
while used in continuous mode may be the 
cause of neurotrophic keratopathy. 
The limitations of the study are: 
▪ Small sample size  
▪ The examination of corneal sensation was 

not done by esthesiometer as it is not 
available which is more reliable and give 
quantitative results. 

▪ There was no documentation in the case 
sheet of all patients for epithelial scraping 
which is needed in some patients 
intraoperatively, so it can’t be correlated as 
risk factor for neurotrophic keratopathy. 

▪ Also the number of laser shoots and the 
power used not documented in the case 
sheets. 

▪ Follow up period is not the same for all 
patients. 

This study concluded that diode endolaser 
retinal photocoagulation may be an 
unrecognized reason for neurotrophic 
keratopathy. 
The recommendations of this study are: 
• Studying of a larger sample size 
• Studying of two groups, one with epithelial 

scraping and other without. 
• Studying of two groups, one treated with 

diode laser 810 nm and the other group 
should be treated with less penetrating 
photocoagulater laser e.g. Nd:YAG laser 530 
nm.   

• Also using high power density laser blamed 
for appearance of complications, so make 
sure to use as minimum as possible power 
density especially at 3.00 and 9.00 o’clock of 
the retinal periphery. 

• SDM is showing promise as it is applied for 
non-damaging retinal phototherapy by using 
shorter bursts with small spot size (100-200 
micrometer). 

• Documentation of epithelial scraping and 
number of laser shoots and the power used 
in the case sheets. 
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Abstract 
 

Background Chronic kidney disease (CKD) is a long-term health condition that in many cases is preventable. Many people 
do not know they have kidney disease, because up to 90% of kidney function can be lost before symptoms 
are evident. Fortunately, simple tests performed by a general practitioner can identify most cases of CKD 
when the disease is in its early stages, enabling treatment to prevent or slow progress. 

Objective To evaluate the risk factors for the development of CKD. 

Methods A case-control study conducted to 300 persons (150 cases and 150 controls) selected from Medical Wards, 
Dialysis Kidney Unit and in Outpatient Clinic at Ibn Sina Teaching Hospital in Mosul City. 

Results Diabetes mellitus (DM) had 12.9 folds risk for developing of CKD and both type 1 and type 2 D.M. had 
significant role for developing CKD. Diabetic patients for (> 15 years) had 29.8 times risk for development of 
CKD. Hypertension (HT) had 3.5 folds risk for CKD and those having HT more than 15 years had 12.9 times 
risk for CKD. Cardiovascular disease (CVD) had 13.6 folds risk for CKD and having more than one type of CVD 
had 37 times risk for CKD than heart failure, ischemic heart disease. Family history of renal diseases had 7.1 
times risk for CKD and there was statistically significant role of having family history of CKD that had more 
than 22 times risk for CKD. Statistically significant role of having proteinuria with 383 times risk for CKD. 

Conclusion There are many risk factors significantly contributing to the development of CKD in Mosul especially DM, HT, 
CVD, family history of renal disease, family history of chronic diseases, and from this study it has been 
concluded that proteinuria plays a major role for the development and progress of CKD. 

Keywords Chronic kidney disease, risk factors 

Citation Khaleel FF, Hussain SS, Hmood AH. Risk factors of chronic kidney disease among patients attending Ibn 
Sina Teaching Hospital in Mosul City. Iraqi JMS. 2019; 17(1): 24-31. doi: 10.22578/IJMS.17.1.5 

 
 
List of abbreviations: ACEI = Angiotensin converting enzyme 
inhibitor, AKI = Acute kidney injury, ARB = Angiotensin receptor blocker, 
BPH = Benign prostatic hyperplasia, CAD = Coronary artery disease, CKD 
= Chronic kidney disease, NSAID = Non-steroidal anti-inflammatory 
drugs, RA = Rheumatoid arthritis, SLE = Systemic lupus erythematosus, 
UTI = Urinary tract infection 
 

Introduction 
hronic kidney disease (CKD) refers to all 
conditions of the kidney, lasting more 
than three months, where a person has 

had evidence of kidney damage and/or reduced 
kidney function. Evidence of kidney damage 
manifests as either proteinuria or albuminuria, 
hematuria or scarring detected by imaging tests 
(1,2) (Table 1). 
KDOQI guidelines have classified CKD into five 
stages (Table 2).
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Table 1. Criteria for definition of chronic kidney disease (3) 

 

CKD is defined as abnormalities of kidney structure or function, 
present for more than 3 months, with implications for health. 

These may include the following: 

Markers of kidney damage 
 

❖ Albuminuria (Alb. Excretion Rate ≥ 30 mg/24 h; Alb. To 
Creatinine Ratio ≥ 30 mg/g (≥ 3 mg/mmol]) 

❖ Urine sediment abnormalities (Pyuria, haematuria, cast) 
❖ Electrolyte and other abnormalities caused by tubular 

disorders 
❖ Abnormalities detected through histology 
❖ Structural abnormalities detected through imaging 
❖ History of kidney transplantation 

Decreased GFR (Glomerular 
Filtration Rate) 

GFR <60 ml/min/1.73 m2 

 
 

Table 2. Stages of chronic kidney disease based on estimated glomerular filtration rate (3,4) 

 

eGFR 
(mL/min/1.73m2) 

Description Clinical Action Plan 

90 

Stage 1 CKD - 
Kidney damage 
with normal kidney 
function 

Establish etiology of CKD 
Diagnose and treat cardio vascular disease (CVD) 
risk factors and comorbid conditions 

60-89 
 

Stage 2 CKD - 
Kidney damage 
with mild decrease 
in kidney function 

Estimate CKD progression rate 
Diagnose and treat CVD risk factors and comorbid 
conditions 

45 - 59 
 

Stage 3a CKD - 
mild-moderate 
decrease in kidney 
function 

As above, plus: 
Kidney imaging study, e.g., US or CT 
Consider nephrology consultation 

30-44 
 

Stage 3b CKD - 
moderate-severe 
decrease in kidney 
function 

As above plus: Refer patients with diabetes to 
nephrology 

15 - 29 
 

Stage 4 CKD - 
severe decrease in 
kidney function 

Nephrology consultation with transition of 
management and care 
Initiate decisions regarding kidney replacement 
therapy, vascular access, and kidney transplant 
Diagnose and treat CVD risk factors and comorbid 
conditions 
Adjust drug dosing for CKD stage 

< 15 
 

Stage 5 CKD - 
ESKD 

As above plus: 
Referral to a nephrologist 
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The risk factors for progression to CKD are 
divided into non modifiable & modifiable 
factors.  
A- Non modifiable risk factors: 
• Age (older age) 
• Gender (generally worse in males) 
• Race or Ethnicity (non-Caucasian) 
• Genetics like adult polycystic kidney 

disease 
• Family history of renal disease 
• Family history of chronic disease 

(Diabetes mellitus (DM), hypertenstion 
(HT), dyslipidemia & heart disease) 

 
B- Modifiable risk factors: 
• Obesity or metabolic syndrome 
• Smoking 
• Residence  
• Low socioeconomic status & low levels of 

education 
• Diabetes mellitus 

• Systemic hypertension 
• Cardiovascular disease 
• Dyslipidemia 
• Nephrotoxic agents: NSAIDs, analgesics, 

aminoglycosides, ACEI, and radiographic 
contrast media. 

• Autoimmune disease: SLE, RA, vasculitis 
• Previous episode of acute renal failure 
• Proteinuria 
• Abnormal urinary sediment 
• Structural abnormalities of the urinary 

tract 
• History of obstructive uropathy (renal 

stone, BPH, malignancy) 
• History of recurrent UTI and 

pyelonephritis 
 
The progression of CKD is demonstrated in the 
figure 1. 
 
 

 
 

 
 

Figure 1. Stages in progression of chronic kidney disease and therapeutic strategies (5) 
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This study aimed to assess the risk factors that 
contribute to the development & progression of 
CKD.  
 
Methods 
Settings & study design  
The present study was conducted in the Medical 
Wards and Dialysis Kidney Unit at Ibn Sina 
Teaching Hospital in Mosul city. This hospital is 
located in the right bank of Tigris River and it 
delivers services to many patients in Mosul city. 
This hospital has 3 medical wards for male and 
female adults' patients, each medical ward has 
66 beds, also include dialysis kidney unit. 
A Case control design was adopted to 300 
persons (150 cases and 150 controls) in order to 
achieve the objective of the present study. 
 
Ethical consideration  
An official agreement was obtained from the 
Ministry of Health and Directorate of Health in 
Mosul before conduction of the study. A verbal 
consent was taken from all the cases and 
controls included in the study. 
 
Case and control definition  
Case: patient, aged > 18 years old, admitted to 
the Medical Wards or Dialysis Kidney Unit at Ibn 
Sina Teaching Hospital who is a known case of 
CKD diagnosed by his specialist. 
Control: patient, aged > 18 years old, admitted 
to the Medical Wards at Ibn Sina Teaching 
Hospital & proved that he is not having CKD by 
estimation of GFR. 
Both cases and controls were randomly 
collected (in a lottery method) during the study 
period (from 1st of February 2016 to 31st of July 
2016).  
 
Inclusion criteria 
Those patients with CKD & aged > 18 years old.  
 
 

Exclusion criteria 
Those with present AKI (Acute kidney Injury). 
 
Retrieving data  
The main source of data was obtained directly 
from the cases and controls by the investigator 
through direct interview with the patients, from 
their case sheets & from the laboratory results 
(blood & urine) of each case or control and filling 
the questionnaire form which was prepared to 
record all relevant information related to cases 
and controls in the study sample.  
          
Procedure: 
The questionnaire form was specially prepared 
in order to collect all the relevant information 
related to the study sample. The questionnaire 
form included information in regard to: 
Patient sociodemographic factors, previous 
history of DM, previous history of HT, previous 
history of CVD, family history of renal diseases, 
GUE (general urine examination), blood Urea, 
serum creatinine, serum total cholesterol, eGFR 
(estimated GFR). 
(This questionnaire information was gathered 
from multiple recent resources including 
comprehensive clinical nephrology 2015, 
Harrison nephrology & recent researches about 
CKD). 
  
Analysis of data  
Data were entered to a Word-Excel 2010 
worksheet and statistical analysis of data was 
carried out by using Pentium five computer 
through the use of (SYSTAT 12) statistical 
software. 
 
Results 
Table 3 shows that diabetes mellitus has 12.9 
risk for developing of CKD and that type 2 has 
12.4 risk and more than 15 years of diabetes has 
30 risks for developing of CKD.  
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Table 3. Distribution of the cases and controls according to diabetes mellitus 
 

DM 
Case Control 

O.R. 
P-

Value 
95% of C.I. 

No. % No. % 

Yes 58 38.67 7 4.0 
12.879 0.000 

5.733 – 
28.857 No 92 61.33 143 96.0 

Total 150 100 150 100    

Types of DM      

Type 1 7 12.9 1 14.29 7.294 0.032 
1.150 – 
45.872 

Type 2 51 87.93 6 85.71 12.364 0.000 5.222– 29.187 

Total 58 100 7 100    

Duration of 
DM 

     

< 10 years 9 15.52 4 57.14 2.330 0.156 0.742 – 7.292 

10-15 years 24 41.38 2 28.57 14.095 0.000 
3.611 – 
54.726 

>15 years 25 43.10 1 14.29 29.800 0.000 
5.035 – 
175.33 

Total 58 100 7 100     

 
 

Table 4 reveals that hypertension has 3.4 risks 
and having hypertension for more than 15 years 
has 13 risks for developing of CKD. 
Table 5 reveals that CVD has 13.7 risks and 
having more than one type of CVD has 37.25 
risks for developing of CKD. 

Table 6 reveals that Family history of renal 
disease has 7 risks and family history of CKD has 
23 risks for developing of CKD. 
Table 7 reveals that proteinuria has 383 risks for 
developing of CKD. 

 
Table 4. Distribution of the cases and controls according to hypertension 

 

HT 
Case Control 

O.R. 
P-

Value 
95% of C.I. 

No. % No. % 

Yes 91 60.67 46 30.67 
3.487 0.000 2.166 – 5.613 

No 59 39.33 104 69.33 

Total 150 100 150 100    

Duration of 
HT 

     

< 10 years 39 42.85 39 85.0  1.000 1.000 0.598 – 1.671 

10-15 years 
40 43.96 6 13.0  8.727 0.000 3.654 – 

20.783 

>15 years 
12 13.19  1 2.0 12.96 0.002 2.124 – 

78.430 

Total 91 100  46 100        
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Table 5. Distribution of the cases and controls according to cardiovascular disease 
 

CVD 
Case Control 

O.R. 
P-

Value 
95% of C.I. 

No. % No. % 

Yes 48 31.33 5 3.33 
13.647 0.000 

5.401 – 
34.370 No 102 68.67 145 96.67 

Total 150 100 150 100    

Types of CVD      

IHD 11 22.9 3 60.0 3.878 0.029 
1.136 – 
13.167 

HF 7 14.5 1 20.0 7.294 0.032 
1.150 – 
45.872 

>one type  30 62.5 1 20.0 37.25 0.000 
6.323 – 
218.22 

Total 48 100  46 100        
 
 

Table 6. Distribution of the cases and controls according to family history of renal diseases 
 

Family history 
of renal 
disease 

Case Control 
O.R. 

P-
Value 

95% of C.I. 
No. % No. % 

Yes 43 28.67 8 4.67 
7.133 0.000 

3.269 – 
15.527 No 107 71.33 142 95.33 

Total 150 100 150 100    

Types of 
Family history 

of renal al 
diseases 

     

Polycystic 
kidney 
disease 

2 4.65 1 12.5 2.014 0.562 0.260 – 
15.507 

CKD 20 46.51 1 12.5 22.92 0.000 3.845 – 
135.75 

kidney stone 12 27.91 5 62.5 2.522 0.080 0.900 – 7.040 
>one type 9 20.93 1 12.5 9.511 0.010 1.530 – 

58.617 

Total 43 100 8 100        
 

Table 7. Distribution of the cases and controls according to proteinuria 
 

Family history 
of renal 
disease 

Case Control 
O.R. 

P-
Value 

95% of C.I. 
No. % No. % 

Yes 108 72.0 1 0.67 
383.143 0.000 

65.202 – 
2231.9 No 42 28.0 149 99.33 

Total 150 100 150 100    
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Figure 2 shows that the highest rates of the risk 
factors of CKD, which had statistically significant 
association for the developing of CKD were: 
proteinuria (72%) (P=0.000), family history of 
chronic diseases (68%) (P=0.000), hypertension 
(60.67%) (P=0.002), urinary cast (61.33%) 
(P=0.000), pyuria (58.67%) (P=0.000), cigarettes 

smoking (50%) (P=0.000), dyslipidemia (46 %) 
(P=0.000) and showed that hematuria, 
recurrent pyelonephritis and illiterate had 
(43.30%) (P=0.000) and for DM (38.7%) 
(P=0.000) and for Nephrotoxic drugs and agents 
(34.67%) (P=0.000). 

 
 

 

 
 

Figure 2. Distributions of the rates of the risk factors of CKD in the case group 

Discussion 
From this study it has been revealed that 
diabetes has 38.67% of the adult cases with 
CKD. Nevertheless, 20-40% of diabetics will 
develop diabetic nephropathy during the end 
stage of their disease; therefore, with the 
increase of cases of diabetic patients, the 
incidence of CKD is expected to rise. This result 
was similar to the result of the study done in 
2003 (and to the result in the study by Remuzzi 
et al in 2012 (6). Hypertension is very common in 
patients with CKD, and the level of blood 
pressure is associated with the rate of loss of 
kidney function. Control of blood pressure slows 
the rate of decline of kidney function. This result 

was similar to the result of the study in 2016 (7). 
The presence of CVD like IHD (ischemic heart 
disease) and HF (heart failure) is independently 
associated with kidney function decline, 
increased risks of serum creatinine elevation, 
eGFR decline and development of CKD. This 
result was similar to the result of a study in 
united states in 2005 (8). Family history of 
CKD/ESRD has been considered a significant risk 
factor for CKD. Genetic predisposition plays a 
key role in many forms of CKD. This result was 
similar to the result of the study done in Beijing 
2008 (9). Proteinuria is the strongest single 
predictor of GFR decline. Therapies that 
decrease proteinuria generally slow GFR 
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decline. Proteinuria-induced glomerular and 
renal tubular injury is a key mechanism of 
natural progression. The threshold for natural 
progression attributable to proteinuria appears 
to be crossed when proteinuria exceeds 500 
mg/day. Proteinuria magnitude is the strongest 
single risk factor CKD progression. This result 
was similar to the result of a study in 2003 (5).  
This study concluded that there are many risk 
factors significantly contributing to the 
development of CKD in Mosul especially 
diabetes mellitus, hypertension, family history 
of renal disease, from this study it has been also 
concluded that proteinuria plays a major role for 
the development and progression of CKD. 
Application of further prevention and control 
are highly recommended to reduce the burden 
of CKD. 
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Abstract 
 

Background Preterm labor is a major obstetrics problem because it associated with high morbidity and mortality to the 
born baby. Many studies were done to study different aspects of its risk factors, diagnosis and treatment to 
decrease its incidence, bad sequel to the fetus and recurrence. 

Objective To evaluate the role of progesterone in lowering CRH level in plasma of patient with preterm labor. 

Methods This study is a case control study. Forty-five pregnant women with preterm labor were included in the study 
and basal plasma Corticotropin releasing hormone (CRH) level was done for each patient. All patients were 
given oral tocolytic drug, with an initial bolus of 20 mg Nifedipine followed by 10 mg three times daily. They 
received betamethasone injection (12 mg) 24 hours after hospitalization. Then after stabilization of each 
patient with random selection, 25 patients were included in group (1) and were given progesterone injection. 
Twenty patients were included in group (2) or control group because no progesterone injection was given to 
them. After 24 hours of admission to the hospital, plasma CRH level was measured for both groups with 
evaluation of the outcome of each patient with preterm labor. 

Results Progesterone is more effective in lowering CRH level in patients with preterm labor. In study of 45 cases of 
preterm labor, the mean CRH level of group (1) decreased from 33.41 ng/ml to 22.12 ng/ml, while the mean 
level of it in group (2) increased from 27.44 ng/ml to 28.54 ng/ml.  

Conclusion Progesterone treatment is effective in lowering CRH level in patients with preterm labor. This would have a 
positive effect in prolonging the pregnancy period in these patients. 

Keywords Preterm labor, progesterone, CRH 
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List of abbreviations: ACTH = Adrenocorticotropin hormone, 
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releasing hormone, CRH1,CRH2 = Corticotropin releasing hormone 
receptors, CS = Cesarean section, DCs = Dendritic cells, HCG = Human 
chorionic gonadotropin, NCIU = Neonatal care intensive unit, NK = 
Natural killer, PGDH = Prostaglandin dehydrogenase, PR-A,PR-B = 
Progesterone receptors, PTL = Preterm labor, RDS = Respiratory distress 
syndrome, Th2 = T-helper cell type 2  
 

Introduction 
reterm labor occurs when there is 
frequent, regular uterine contraction   
and cervical dilation before 37 weeks of 

gestation. The incidence of preterm labor in 
developed world between 7 to 12% (1). There 
has been a small gradual rise in the incidence of 

preterm labor associated with assisted 
reproduction and an increased tendency to 
obstetric intervention. The rate of preterm 
labor prior to 32 weeks has remained relatively 
stable at 1-2% (1,2).  
The mortality, morbidity and costs of preterm 
labor are higher at lower gestational ages, there 
is a high risk of short - and long-term morbidity 
(3).  
Three potential causal pathways leading to 
preterm delivery have been identified: infection 
- cervical pathway, placental - vascular pathway 
and stress - strain pathway. these factors 
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provide a direction for the identification of 
patient at risk and the application of potential 
interventions (4,5).  Pathogenesis of it includes 
idiopathic: preterm labor of unknown etiology 
accounts for 60-70% of it (6). Labor due to 
premature activation of 
hypothalamic/pituitary/adrenal axis. Infection: 
there is a strong correlation between infection 
within the uterus and the onset of spontaneous 
labor (7,8), hemorrhage, placental abruption and 
uterine over distension (2). 
Corticotropin-releasing hormone (CRH) is a 41 
amino acid peptide hormone in the 
hypothalamus. It regulates adrenocorticotropin 
hormone (ACTH) secretion in the anterior 
pituitary which signals adrenal gland to release 
cortisol that has powerful metabolic and anti-
inflammatory effects (9,10). Physical or 
psychological events stimulate secretion of CRH, 
which co-ordinates neuroendocrine response to 
stress because it acts as a neuro-transmitter in 
some regions of the central nervous system. It 
produced in a variety of tissues outside the 
central nervous system, including the gut, ovary, 
testis, fetal membranes maternal and fetal 
blood, amniotic fluid and placenta during 
pregnancy with large amounts of CRH in 
comparison to non-pregnant (11). 
It is now well established that the 
concentrations of CRH in maternal blood rise 
progressively during pregnancy (12,13).  This rise 
correlates with increased levels of CRH mRNA 
and CRH peptide in placental tissue (14). In the 
circulation, CRH is largely associated with a high-
affinity circulating CRH-binding protein (CRH-
BP) produced in the liver, placenta and at other 
sites, including the brain. CRH-BP effectively 
blocks the action of placental CRH on the 
maternal pituitary gland and on the 
myometrium. Near term, and in association 
with preterm labor, CRH-BP concentrations fall, 
coincident with the increase in circulating CRH 
(13).  
Many factors regulate placental CRH output and 
has been reviewed extensively (12). Estrogens, 
progesterone, and nitric oxide inhibit CRH 
production, while number of neuropeptides 

exert a stimulatory effect (12), also, 
glucocorticoids, prostaglandins, cytokines and 
catecholamine increase it. Karalis   and   
Majzoub suggested that the inhibitory effect of 
progesterone is exerted through binding to CRH 
receptor in trophoblastic cells. At term, 
increased levels of cortisol displace 
progesterone bound to GRH receptors and this 
is will lead to an increase in CRH output. Thus, 
the mechanism of interaction between 
progesterone and cortisol in the regulation of 
CRH is similar to that proposed for the 
regulation of enzyme 15-hydroxy prostaglandin 
dehydrogenase (PGDH) (15). 
In spite of the fact that CRH binding protein 
(CRHBP) decreases in maternal circulation 
before labor, placental CRHBP mRNA expression 
remain unchanged. This leads to the hypothesis 
that another source of CRHBP exists, such as a 
fetal source that may be responsible for this 
decrease (16,17). 
The functional target of placental CRH is not the 
maternal pituitary adrenal axis but the fetal 
pituitary adrenal axis (18). Placental CRH 
stimulate ACTH production from the fetal 
pituitary. ACTH stimulates fetal adrenals to 
produce dehydroepiandrosterone (DHEA), 
dehydroepiandrosterone-sulphate (DHEA-S), 
and cortisol. ACTH is also produced in the 
placenta through paracrine mechanisms. Fetal 
adrenal DHEA is metabolized to estrogens in the 
placenta that favor parturition (11,19,20). The 
produced cortisol exerts a stimulatory effect on 
the placenta to further produce CRH, thus a 
positive loop is established that causes placental 
CRH to rise exponentially as pregnancy 
advances (11). 
CRH has two   receptors, specific receptors, 
termed CRH-R1 and CRH-R2 (21). The expression 
of CRH-R2 protein increased toward onset of 
labor increases myometrial contractility (22). 
Both types of receptors have been identified in 
the upper and lower uterine segment of 
contracting human myometrium, but during 
labor CRH-R1 decreases significantly at the 
upper segment but not at the lower one. This 
will explain the fact   during labor the fundus of 
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the uterus switches to a highly contractile state, 
while the lower segment remains relatively 
quiescent (23). 
Studies of preterm labor aimed to give time to 
steroid to take its action and current evidence 
shows that a single course of maternal steroids 
given between 24 and 34 weeks gestation and 
received within 7 days of delivery results in 
markedly improved neonatal  outcomes, with a 
significant reduction in rate of respiratory 
distress syndrome, neonatal death, 
intraventricular hemorrhage (1,2). 
Progesterone is a vital gestational-support 
steroid hormone that belongs to the C21 group 
of progestagens produced in the adrenal glands, 
corpus luteum in non-pregnant and in pregnant 
till 10 weeks of gestational age, brain and 
placenta (24). 
Progesterone modulates immune reaction of 
maternal body against embryo and fetus by 
anti-inflammatory effects throughout 
pregnancy. It inhibits the activity of dendritic 
cells (DCs) that generate proinflammatory 
responses and help the process of tolerogenic 
DCs. It limits the action of natural killer (NK) cells 
and the differentiation of T cells into T-helper 
cell type 2 (Th2) like clones which maintain 
pregnancy (25,26). 
According to the “progesterone block” 
hypothesis, proposed by Csapo, progesterone 
blocks myometrial contraction and maintains 
pregnancy, while its withdrawal transforms the 
myometrium to the delivery state (27).  
However, in humans, progesterone levels 
remain high throughout pregnancy and during 
labor (28). This has led to the hypothesis of a 
“functional” progesterone withdrawal that may 
occur (29).  In human myometrial cells, the ratio 
of PR-A:PR-B mRNA increases 2- to 3-fold 
compared with the non- laboring state, mainly 
due to over expression of PR-A which induces 
“functional estrogen activation” through 
increased estrogen receptor α (ERα) expression 
(30). PR-A may also suppress the transcriptional 
activity of PR-B, which is the main receptor for 
the nuclear signal transduction of progesterone 
(31,32). Apart from myometrial contractions, the 

functional progesterone withdrawal due to the 
altered expression of PR-A, PR-B isoforms may 
also contribute to the cervical changes during 
labor (33,34). 
While the exact mechanism of action of 
progestogens in preventing preterm labor is un-
known, several possibilities have been 
proposed; in summary by two mechanisms; 
either anti-inflammatory effect, or local 
increase in progesterone in gestational tissues 
(35-41) as it may act on prevention of gap 
junctions formation which   inhibits myometrial 
contractions and prevent spontaneous early 
miscarriage and preterm labor (PTL)  (42).  
Progestins are available in natural or synthetic 
formulations for oral intramuscular or vaginal 
rout in the form of suppository or gel. Natural 
(micronized) progesterone is an exact duplicate 
of the progesterone produced in the corpus 
luteum and placenta. It is therefore more 
readily metabolized by the body and is 
associated with minimal side effects. 
17 alpha hydroxylprogesterone caproate 
(17OHPC) is 17-hydroxyprogesterone 
derivative; it is the most commonly used 
synthetic progestin given intramuscularly to 
prevent PTL. It has been isolated from both 
adrenal glands and corpora lutea. The synthetic 
caproat ester works as a long-acting progestin 
when administrated intramuscularly for 7-8 
days with peak plasma concentration is bout 2-
8 hours. The most common undesirable side 
effects were injection site pain, injection site 
swelling urticarial, pruritis, nausea, contusion, 
injection site nodule and vomiting (43). 
The aim of this study is to evaluate the role of 
progesterone in lowering CRH level in plasma of 
patient with preterm labor. 
 
Methods 
This study is a case control study. It was 
conducted at Tikrit Teaching Hospital – 
Department of Obstetrics and Gynecology from 
January 2013 to January, 2014. This study was 
approved by the Ethical Committee of the Iraqi 
Scientific Council for Medical Specialization-
Department of Obstetrics and Gynecology. The 
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informed consent was taken from each patient. 
Women with preterm labor between 24-34 
weeks of gestation were included in the study. 
 
Inclusion criteria 
• Single life pregnancy. 
• Intact membranes. 
• No cerclage. 
• Cervical dilation of equal or <2 cm. 

 
Exclusion criteria  
• Signs of infection (urinary tract infection, 

chorioamnionitis). 
• Medical diseases. 
• Contraindication to tocolysis. 
• Adverse reaction to progesterone or any 

component of the formulation (by history). 
• Progesterone treatment within 4 weeks 

before enrollment. 
• History or suspicion of breast or genital 

tract malignancy. 
• Evidence of intra-uterine reconstructions, 

or congenital anomalies in ultrasound. 
 
At admission full history, general and obstetrical 
examination, maternal vital signs (blood 
pressure, temperature, pulse rate, respiratory 
rate) and cardiotocography (fetal heart rate 
assessment, uterine contraction) was done to 
each patient. 
All patients had urine examination, high vaginal 
swab for culture and sensitivity to exclude 
genital tract infection and complete blood 
picture. CRH level was measured in each patient 
in both groups by: drawing venous blood (4-5 
mL) into a tube that contained the anticoagulant 
sodium citrate. This assay employed by the 
competitive inhibition enzyme immune assay 
technique. The kit manufactured by 

.  
All patients were given oral tocolytic, with an 
initial bolus of 20 mg Nifedipine followed by 10 
mg three times daily. After hospitalization they 
received betamethasone injection (12 mg) in 
two divided doses during 24 hours. After 
patient's condition stabilization with random 
selection, 25 of them received intramuscular 
Hydroxyprogesterone Caproate 250 mg (Bayer) 

and they were classified as group (1). They 
received this injection weekly till 36 completed 
weeks or earlier if they delivered. The remaining 
patients who received no progesterone 
injection were classified as group (2) or control 
groups.   
Observation of each patients were done 
including: blood pressure, pulse rate, uterine 
contraction, fetal heart rate; and any other 
maternal side effects as headache hypotension, 
nausea, vomiting, injection site reaction, 
purities, and vaginal discharge. After 24 hours of 
progesterone injection, plasma CRH level was 
measured gain. 
 All patients followed up till delivery in 
outpatient clinic. Detection Range was between 
1.6- 40 ng/ml. 
 
Statistical analysis and data management  
The Statistical Package for Social Sciences (SPSS, 
version 18) was used for data entry and analysis. 
Chi (χ2) square test, unpaired Student t test, 
Paired t- test, one –way ANOVA and Pearson 
correlation was used to complete statistical 
analysis. Odds ratio used to test the risk. P value 
of ≤ 0.05 was regarded as statistically 
significant.  
 
Results 
Patient's general characteristics are shown in 
(Table -1).  
Figure (1) and (2) show the relation between 
parity, gravida and basal plasma CRH levels. The 
level of them increases in a significant moderate 
positive linear correlation with the parity and 
gravida increment. 
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Table 1. General characteristics of patient with preterm labor 
 

Study group characteristics Mean SD 

Gravid 3.69 2.29 
Para 2.13 1.59 

Abortion 0.56 1.06 
Gestational age 31.13 2.63 

Gestational age of delivery 34.93 3.45 
Basal plasma CHR level 30.76 8.41 
Plasma CHR after 24 hr 24.97 12 

 Frequency    Percent 

History of preterm 
labor                                               

Yes 6 13.3% 
No 39 86.7% 

Cause of preterm 
Negative 39 86.6% 
Infection 3 6.7% 
Idiopathic 3 6.7% 

Antenatal care 
Yes 29 64.4% 
No 16 35.6% 

Mode of delivery 
NVD 35 77.8% 
CS 10 22.2% 

Total 45 100% 

 
 
 

 
 

Figure 1. Correlation between parity and basal plasma CHR level 
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Figure 2. Correlation between Gravida and basal plasma CRH level 
 
 

The mean level of CRH level decreased after 
24hr due to progesterone injection in group (1), 
while it increased in group (2) (Table 2). 
Sixty eight percent   of group (1) delivered at 
term or near term while only 45% of group (2) 
delivered at this time. The odds ratio to deliver 
within 2 weeks for the group (2) was 2.597 times 
more than group (1). The relative risk of group 

(2)  was 1.7 to deliver within 2 weeks, while for 
the group (1) was 0.6 (Table 3). 
Table (4) shows a decrease in mean plasma CRH 
level after 24hr of treatment in all patients of 
group (1). Its mean is increasing in group (2) for 
those who delivered within 2weeks, while it is 
decreasing slightly for those who delivered at 
term or near term. 

 
 

Table 2. The mean level of CRH level among study groups at base line and after 24 hr of 
treatment 

 

CRH levels 
Group (1) Group (2) Independent 

t-test P value Mean SD SE Mean SD SE 

Basal CRH level 33.41  4.40  0.88  27.44 10.89 2.43 <0.05 
CRH (after 24 hr) 22.12  12.88  2.58  28.54 10.00 2.24 >0.05 

Paired t-test P value <0.05 >0.05  
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Table 3. The risk and odds ratio of preterm labor 
 

 Value 
95% Confidence Interval 

Lower Upper 

Odds Ratio for time delivery (within 2 week / 
reach term or near term) 

2.597 0.769 8.775 

Risk of deliver within 2 weeks for group (1) 0.644 0.355 1.170 
Risk of deliver within 2 weeks for group (2) 1.673 0.871 3.213 

 
 
Table 4. The mean plasma CRH level in both groups according to the delivery time 

 

Out -come of treatment 

Group (1) 
Paired 
t- test 

Group (2) 
Paired 
t- test 

Basal 
plasma 

CRH level 

Plasma CRH 
level after 

24 hr 

Basal 
plasma 

CRH level 

Plasma CRH 
level after 

24 hr 

Delivery 
within 2 
weeks 

Mean 34.54 31.15 <0.05 22.98 25.87 <0.05 
SD 4.98 4.97  11.57 11.26  
SE 1.76 1.76  3.49 3.39  

Minimum 26.60 25.30  2.00 4.00  
Maximum 38.65 37.20  34.00 35.50  

No. 8 8  11 11  

Reach term/ 
near term 

Mean 32.87 17.87 <0.05 32.89 31.80 <0.05 
SD 4.16 13.34  7.32 7.57  
SE 1.01 3.23  2.44 2.52  

Minimum 23.00 2.00  25.70 23.40  
Maximum 37.33 32.60  46.00 45.00  

No. 17 17  9 9  

Independent 
t-test 

 > 0.05  <0.05  

 
 

Table (5) shows no statistical differences in 
mode of delivery in both groups. While there is 
significant in neonatal out comes such as: 

admission to neonatal care intensive unit (NCIU) 
(40%) of group (1) and only (85%) of group (2) 
had admission to NCU. 
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Table 5. The mode of delivery and neonatal outcomes in both groups 
 

 Group (1) Group (2) P value 
No. Percent No. Percent  

Mode of delivery 
NVD 17 68% 18 90% 

>0.05 
CS 8 32% 2 10% 

Neonatal out come 
no admission 15 60 % 3 15% 

<0.05 < 7 days 7 28% 10 50% 
> 7 days 3 12% 7 35% 

Causes of 
admission 

RDS 3 12% 5 25% 

>0.05 
hyperbilirubinemia 2 8% 4 20% 

septicemia 2 8% 3 15% 
Convulsion 1 4% 2 10% 

Others 2 8% 3 15% 

Total 25 100% 20 100%  

 
Discussion 
Preterm birth (PTB) occurs when delivery before 
37+0 weeks of gestation and it is the most 
important single determinant of adverse infant 
outcome in terms of both survival and quality of 
life. Gestational age determines preterm 
outcomes such as death or neurosensory 
defects, huge psychosocial and emotional 
effects on the family and cost of health services 
(44). 
Many tocolytic drugs suppress myometrium 
contractions such as beta-agonists, calcium 
channel blockers, oxytocin receptor 
antagonists, prostaglandin synthetase 
inhibitors, nitric oxide donors and magnesium 
sulphate. There is little reliable information 
about current clinical practice but it is likely that 
the use of the beta-agonist ritodrine 
hydrochloride, which was widespread in the 
past, has declined. Magnesium sulphate is 
popular for tocolysis in the USA and some other 
parts of the world but has rarely been   used for 
this indication in the UK (45). 
Of all treatments evaluated for the prevention 
of spontaneous PTB to date, progestational 
agents have demonstrated   the   greatest 
promise. Progesterone supplement therapy is 
one of the few proven effective methods to 
prevent PTB in women with history of 
spontaneous PTB and in women with short 
corpus luteal phase. There are 2 types of 
progesterone therapy currently used for 
prevention of PTB: weekly intramuscular 

injection of 17-alpha hydroxyprogesterone 
caproate and daily administration of natural 
micronized progesterone vaginal gel, vaginal 
suppository, or oral capsule (46). 
Progesterone and CRH play an important role in 
pregnancy and labor, so their changes affect 
transition from myometrial quiescence to 
contractility (27). In this study, evaluation of the 
effect of progesterone on CRH, which is the 
main player in initiation of labor was done. 
Our study showed that progesterone treatment 
has more effect in decreasing CRH level than 
tocolytics. This result affects the time of 
delivery. 
In a new study done by Khazaali (2018) in Iraq 
the author found that a significant reduction in 
preterm delivery rate among women receiving 
progesterone vaginal suppositories and there 
was significant reduction in the frequency of 
respiratory distress syndrome, low birth weight 
neonates and admissions to neonatal intensive 
care unit in women taking vaginal progesterone 
pessary compared to the control (47).  
Also, there are several studies demonstrates the 
relation of CRH and progesterone on labor. 
Vrachnis et al in 2012 explained immune and 
myometrial effects of progesterone and CRH in 
Labor because both modify immune response 
during pregnancy and progesterone withdrawal 
encourages inflammatory pathways. In labor, 
withdrawal of progesterone occurs by with 
metabolic changes of progesterone, receptors 
changes, and other factors or enzymes that 
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stimulate or inhibit progesterone. Placental CRH 
acts on the fetal pituitary-adrenal axis to 
stimulate adrenal production of androgens and 
cortisol and also acts directly on myometrial 
cells via its receptors (27). 
Regmi et al in 2012 conducted a study of 
progesterone for Prevention of recurrent 
preterm labor after arrested it. Progesterone   
reduces preterm labor recurrence significantly 
but neonatal outcomes unchanged in between 
groups (42). 
A meta-analysis of nine studies by 
Coomarasamy et al in 2006 showed the 
effectiveness of progesterone in the prevention 
of preterm labor by in suspected patients and 
reduction in neonatal respiratory complications 
(48). 
Mackenzie et al in 2006 conducted a meta-
analysis evaluating the use of progesterone for 
high risk women with PTB. Again, progesterone 
prophylaxis reduces incidence of preterm labor 
without significant reduction in neonatal 
complications (49). This agree with our results. 
Kurki et al in 1991 measured maternal plasma 
CRH in preterm patients before and after given 
indomethacin or nylidrin, they showed a 10% 
decrease in the indomethacin group and 10-
20% decrease in the nylidrin group, but these 
changes were not statistically significant (50). 
Our results were promising regarding clinical 
and biochemical effectiveness of progesterone 
in lowering the level of CRH in patients of PTL. 
The changing in CRH level has positive effect in 
delaying the labor till term or near term. 
We recommend larger studies are needed to 
study the level of CRH according to different 
maternal characteristics in preterm labor. Using 
progesterone in combination with other 
tocolytic drugs as new combinations of drugs in 
hope that increasing their effectiveness in 
treatment of PTL and possibilities in using this 
combination in multiple pregnancies.   
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Abstract 
 
Background Several lines of evidence have suggested the presence of new hepatitis agents, in addition to 

established hepatitis viruses A-E. Torque Teno virus (TTV) was more prevalent in patients with 
hepatitis, so it was thought to have hepatotropic properties. 

Objective To detect TTV Ag in apparently healthy blood donors and patients infected with chronic hepatitis 
B virus (HBV) or chronic hepatitis C virus (HCV) by enzyme linked immunosorbent assay (ELISA) 
technique. Also, to find out any possible association between the study population demographic 
data and TTV status. 

Methods This study was conducted from the beginning of November, 2017 to the end of March, 2018. 
Serum samples were collected from 50 patients who had chronic hepatitis HBV or HCV and 
attended to Gastroenterology and Hepatology Teaching Hospital. Also, sera were collected from a 
total 43 healthy blood donors from the Blood Donation Center in Al-Imamein Al-Kadhimein 
Medical City. The clinical characteristics of both patients and controls such as alanine transaminase 
(ALT), aspartate transaminase (AST), hepatitis C virus antibody (HCV-Ab), hepatitis B surface 
antigen (HBsAg) and hepatitis B core antibody (HBcAb) were obtained from hospital records. 
Serum samples were tested by ELISA technique for detection of TTV Ag. 

Results TTV was detected in 89.2% (33 out of 37) of the HBV-positive patients and in 30.8% (4 out of 13) 
of the HCV-positive patients versus 23.3% of the healthy blood donor (10 out of 43). Results of this 
study showed that the prevalence of TTV in HBV patients is significantly higher than HCV patients 
and healthy blood donors. Concerning risk factors, it was found that there was statistically 
significant relationship between TTV positivity and mean level of ALT but results indicated that the 
presence of TTV was not associated with AST, sex, age and history of transfusion, surgery and 
tattooing.  

Conclusion TTV may play a role in hepatitis and its presence was associated with biochemical signs of liver 
disease, and among patients infected with chronic HBV or HCV. 

Keywords Torque Teno virus, hepatitis B virus, hepatitis C virus, healthy blood donors 
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List of abbreviations: ALT = Alanine transaminase, AST = 
Aspartate Aminotransferase, TTV= Torque Teno virus 
 

Introduction 
orque Teno virus (TTV) is a relatively 
small (3.8 kb) circular ssDNA virus that 
has been classified in the newly 

characterized family Anelloviridae (1,2). It was 

suspected of being significantly associated with 
hepatitis (3). 
TTV is characterized by extremely high 
prevalence, with the relatively high level of 
genomic heterogeneity. It was detected in the 
liver and blood of people with hepatic 
pathologies of unknown etiology. Blood 
transfusion was initially indicated as the 
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principal of viral transmission due to direct 
contact with contaminated blood. However, 
there are new routes of transmission that have 
been recognized, due to the presence of the 
virus in different body fluids such as in feces, 
saliva and also in river water contaminated by 
sewage (4). 
Wide ranges of TTV virus infection is reported in 
individuals with liver disease, Human 
Immunodeficiency Virus (HIV) positive, 
intravenous drug users, thalassemic patients 
and patients on maintenance hemodialysis (5). 
From preliminary reports, two characteristics of 
TTV infection have emerged rendering it as a 
potential cause of liver disease. First, Nishizawa 
et al. (6) reported the presence of TTV-DNA in 
the sera of patients with non-A-E hepatitis to 
reveal a close correlation with alanine 
transaminase (ALT) level. Second, Okamoto et 
al. (7) discovered that TTV-DNA levels in liver 
tissue were equal or one hundred times more 
than those in serum, suggesting that this virus 
replicated in the liver. The overall TTV viremia 
rates in hepatitis B virus (HBV) and hepatitis C 
virus (HCV) positive subjects were 90.75% and 
84.9%, respectively as well as 81.4% in healthy 
individuals in Qatar (3). 
In this study, we aimed to determine the 
frequency of TTV viremia by performing enzyme 
linked immunosorbent assay (ELISA) in healthy 
blood donors and patients with chronic HBV or 
HCV. Also, estimation of demographic data such 
as age, sex, aspartate aminotransferase (AST) 
and alanine transaminase (ALT) and history of 
underlying medical conditions. 
 
Methods 
Subjects 
This study included a total of 93 blood samples 
collected from 50 patients with chronic HBV or 
HCV from the Gastroenterology and Hepatology 
Teaching Hospital for the period from the 
beginning November, 2017 to the end of March, 
2018. In addition, 43 blood samples were 
collected from healthy blood donors who 
attended the Blood Donation Center in Al-
Imamein Al-Kadhimein Medical City. Blood 

sample was drawn from each patients and 
control by venipuncture, after obtaining 
informed consent. The protocol for the research 
project was approved by the Institutional 
Review Board (IRB) of College of Medicine, Al-
Nahrain University. 
 
Specimens collection 
Serum samples were collected from all hepatitis 
patients and healthy blood donors by 
venipuncture of the median cubital vein. Five (5) 
ml blood samples were collected in sterile gel 
tubes without any anticoagulant, allowed to clot 
in the room temperature within 1 hour of its 
collection before centrifugation at 3,000 rpm for 
10 minutes, divided into aliquots then 
immediately stored frozen at (-44) ˚C until be 
used.  
 
Immunoassay 
Ninety-three samples were tested for 
qualitative detection of TTV Ag by ELISA kit 
(Abbexa, England). The wells of the microtiter 
plate were coated with an antibody specific to 
TTV Ag. The procedure was done following 
manufacturer's instructions. For sample 
preparation, each sample was diluted (1:5) with 
sample diluent buffer before adding into the set 
wells by adding 10μl of serum to 50 μl sample 
diluents which supplied with the kit. Blank, 
positive and negative controls were included in 
ELISA run. The optical densities (O.D.) of each 
well were measured at wave length (450 nm). 
The calculated absorptions for the patient and 
control serum were compared with the cut off 
value. The cut off value = absorbance of 
negative control + 0.15, if the absorbance of the 
sample is equal or higher than the cut off value, 
the test sample is considered positive, 
otherwise the test sample is considered 
negative. 
 
Statistical analysis 
Analysis of data was carried out using Statistical 
Packages for Social Sciences- version 19 (SPSS-
19). Categorical data presented as count and 
percentage; the differences were examined by 
Chi-square test (χ2-test). Whereas, numerical 
data presented as mean, standard deviation and 
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evaluated by using independent sample T-test, 
statistical significance was considered 
whenever the P value for the test of significance 
was equal or less than 0.05. 
 
Results 
This study included fifty hepatitis patients with 
HBV or HCV infection, with mean age of 36.20 ± 
13.4 S.D. year and 43 healthy blood donors that 
randomly selected persons considered as 
control group, their mean age was 35.22 ± 9.8 

S.D. year. Thirteen out of 50 (26%) patients were 
hepatitis C positive while 37 out of 50 (74%) 
patients were hepatitis B positive. Regarding 
the sex distribution, 24 hepatitis patients and 40 
healthy blood donors were males. Females 
represented 26 and 3 in patients and healthy 
blood donors, respectively. T-test showed that 
the mean values of liver function test 
parameters i.e. ALT and AST were higher in 
hepatitis patients than in healthy blood donors 
as shown in Table 1.  

 
Table 1. Characteristics of the subjects  

 

 
 

TTV was detected in 23.3% of the healthy blood 
donor (10 out of 43) as well as in 30.8% of the 
HCV-positive individuals (4 out of 13) and in 
89.2% of the HBV- positive individuals (33 out of 
37), the difference was statistically significant 
(P<0.05) as shown in Table 2. 
Results showed that there was a significant 
difference in sex between TTV positive and 
negative individuals. TTV infection was found in 
higher proportions among females than males 
(74.1% vs 40.9%) (P = 0.004). Concerning the risk 
factors for study individuals, there is no 
significant difference regarding history of blood 
transfusion, tattooing and surgery in TTV 
positive and negative individuals (P > 0.05), as 
shown in Table 2. 
Results showed that there was no statistically 
significant difference between TTV positive and 
TTV negative subjects as regards AST but there 
was a significant difference between TTV 
positive and TTV negative as regards ALT as 
shown in Table 3. The mean age of TTV positive 
vs. TTV negative was (34.66 ± 11.651, 36.17 ± 

11.361, P > 0.05), so there was no significant 
difference in the mean age between TTV 
positive and negative individuals. 
 
Discussion 
Despite that the pathogenicity of TTV is not fully 
clear, but undoubtedly TTV can infect patients 
already infected with other viruses previously 
(7). Since TTV considered as post-transfusion 
virus that cause hepatitis, the most important 
high-risk persons are those infected with HBV 
and HCV (8). 
Epidemiological studies have shown that TTV is 
described worldwide in various populations. 
Many studies have been done trying to assess 
whether TTV could cause liver diseases (9,10). 
Although TTV has absence of apparent 
pathogenicity, the phenomenon of co-infection 
is common in TTV; it has been detected in co-
infection with many other viral species and is 
known to aggravate various infections like liver 
disorders, cancer of pancreas, rhinitis and 
asthma (11).    

 
 

Parameters 
HBV or HCV Patients 

(n=50) 
Healthy blood donors  

(n=43) 
P. value 

Age 36.20±13.4 35.22 ±9.8 0.679 
Sex (M/F) 24/26 40/3 0.000 
ALT (U/l) 50.9 ± 49.7 16.0 ± 6.0 0.000 
AST (U/l) 52.6 ± 56.5 22.96 ± 7.7 0.001 
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Table 2. Detection of TTV Ag and clinical data in studied population (total number n=93) 
 

Parameters 

TTV Ag 

P. value Positive Negative 

Count % Count % 

Condition 

Healthy 10 23.3% 33 76.7% 

0.000 
HBV 33 89.2% 4 10.8% 

HCV 4 30.8% 9 69.2% 

Total 47 50.5% 46 49.5% 

Sex 

Male 27 40.9% 39 59.1% 

0.004 Female 20 74.1% 7 25.9% 

Total 47 50.5% 46 49.5% 

Surgery 

Yes 13 43.3% 17 56.7% 

0.338 No 34 54.0% 29 46.0% 

Total 47 50.5% 46 49.5% 

Tattoo 

Yes 7 53.8% 6 46.2% 

0.797 No 40 50.0% 40 50.0% 

Total 47 50.5% 46 49.5% 

Blood 

transfusion 

Yes 2 50.0% 2 50.0% 

0.982 No 45 50.6% 44 49.4% 

Total 47 50.5% 46 49.5% 

 
 

Table 3. Age, serum ALT and AST level (U/L) in relation to TTV Ag status in the studied 
populations (total number n=93) 

 

Parameters TTV Ag Mean ± S.D. P. value 

Age (Year) 
Positive 34.66 ± 11.651 

0.527 
Negative 36.17 ± 11.361 

ALT(U/l) 
Positive 44.51 ± 50.285 

0.041 
Negative 26.11 ± 23.545 

AST (U/l) 
Positive 45.94 ± 50.904 

0.352 
Negative 32.63 ± 35.063 

 
                                              
In this study, the overall frequency of TTV 
infection was 50.5%, TTV Ag was detected in 
23.3% of the healthy blood donor as well as in 
53.8% of the HCV-positive individuals and in 
89.2% of the HBV- positive individuals as shown 
in Table 2 which is higher than the previously 
reported frequency in patients (12). This is may 
be due to differences in diagnostic techniques, 
study sample size, and geographic distribution. 

On the other hand, these data were in 
concordance with those reported in patients 
with chronic hepatitis or cirrhosis in Japan, 
Taiwan and Iran (13,14). 
In comparison with laboratory parameters of 
liver injury, no significant correlation was 
observed in the level of AST in healthy blood 
donors and hepatitis patient with or without 
TTV infection but there was a significant 
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difference between TTV positive and TTV 
negative as regards ALT as shown in Table 3, 
suggesting that the presence of TTV could be 
associated with more severe liver damage in 
hepatitis patient. This is similar to Nishizawa et 
al (6) results, who observed that there is an 
influence of TTV infection on the worsening of 
liver enzymes in hepatitis patients; hence there 
is a pathogenic role of TTV in causing liver injury. 
In contrast, regarding the biochemical 
parameters another study reported the absence 
of significant difference in liver enzyme levels 
between the TTV-positive and negative 
hepatitis patients (15).  
Considering age of studied population most of 
the TTV positive individuals were with mean age 
of 34.66 ± 11.651 year. However, there was no 
significant difference in age between TTV 
positive and TTV negative in healthy blood 
donors and hepatitis patients. This result found 
to be consistent with Chattopadhyay et al. (16) 
results, who reported a statistically insignificant 
difference between the age of TTV positive and 
TTV negative infected individuals. One more 
study reported that there was a significant 
correlation between TTV infection and age (17). 
Non-significant association of age in this study 
could be explained by the fact that this kind of 
viral infection could occur in people with any 
age (16). 
TTV infection was found in nearly higher 
proportions among females than males (74.1% 
vs. 40.9%). The most acceptable explanation for 
this result is the possibility that women being 
mostly as multiparous, nosocomial way of 
transmission as well as the accumulative 
exposure to various sources (family, occupation, 
hospital). This is in agreement with another 
previous study, Al-Qahtani et al. (18), who 
mentioned that infection rate with TTV was 
slightly higher in females. In contrast, 
Chattopadhyay et al. (16) described a notable 
difference in TTV prevalence according to sex 
with a higher proportion of males among TTV 
positive patients. 
Considering history of blood transfusion, the 
present study did not report any significant 
association with TTV infection, this may be due 
to the limited number of individuals giving a 
history of blood transfusion in this study (4 out 

of 100). In addition, many studies reported that 
TTV was not associated with blood transfusion 
history indicating that blood transfusion 
transmission is not the only way for people to 
be infected with TTV (17,19). However, another 
study showed a significant difference between 
TTV positive and negative patients regarding 
blood transfusions (17). 
The fact that TTV is also observed in healthy 
blood donors without history of blood 
transfusion suggests that it could be transmitted 
by ways other than blood and injection. Possible 
mechanisms of transmission need consideration 
include fecal-oral route, saliva, amniotic fluid 
from TTV-positive women, breast milk, bile and 
other tissues (7). 
This study showed that no significant 
association was found between TTV positivity 
and individuals with history of surgery. This is in 
disagreement with another previous study 
which suggested nosocomial transmission of 
the virus, as a consequence of using 
contaminated fomites and intravascular 
catheters, as well as with postoperative wounds 
and elasticized surgical bandages in surgical 
patients and surgical wound. Also, instruments, 
equipment, wound dressing, all may act as 
sources of infection as a result of contamination 
from blood and blood products (16,20). 
Results from epidemiologic studies regarding 
the risk of viral infections among tattooed 
individuals are conflicting (21,22), therefore, this 
study also tried to investigate the relationship 
between TTV infection and tattoo in order to 
determine the risk of transmission of TTV 
infection. The present study didn't find any 
association between history of tattooing and 
TTV infection in all study groups (P > 0.05), these 
findings are consistent with a previous study in 
Japan (17). 
To date, solid proof for the association of TTV in 
chronic liver damage or any involvement with 
hepatocellular carcinoma, acute sporadic 
hepatitis, or non-A-E hepatitis has not been 
confirmed. Another study suggested that these 
viruses may serve as commensal organisms that 
have some beneficial role in maintaining 
homeostasis in the host. These types of 
“harmless” viruses have been referred to as 
orphan viruses (23). These viruses had been 
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isolated but had not yet been associated with 
any known disease. So, they considered as 
“simple guests,” although it may be difficult to 
attribute the term “guest” or “endosymbiont” 
to viral agents which, due to their biological 
characteristics, alter normal cell functions (24). 
If TTV is a hepatitis agent, it causes illness in only 
a small minority of infected persons, the 
difference possibly depending upon immune 
responsiveness, host susceptibility or viral load. 
The finding that TTV most likely to be found in 
serum of an HIV-infected intravenous drug 
abuser support the possibility that these high 
viral titers are mainly due to the 
immunosuppression (17). 
This study concluded that the frequency of TTV 
Ag was significantly higher in HBV patients than 
HCV patients and healthy blood donors and may 
play a role in hepatitis. Detection of TTV among 
blood donors suggests that these viruses are 
also transmitted by different routes rather than 
blood transfusion.   
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Abstract 
 
Background Blood preservation and the development of sterile collection sets made possible the 

developments in blood components preparation, storage and transfusion that we have in today's 
blood banks and transfusion services. 

Objective To investigate the effects of gamma irradiation, ascorbic acid and the combined effect of both on 
the lifespan of erythrocytes through determining red blood cells hemolysis for conserving it as long 
as possible without any change in erythrocytes biophysical properties. 

Methods The blood was drawn from 10 healthy (5 males and 5 females) volunteers. Sample has been 
irradiated using 137Cs source. Different concentrations of ascorbic acid were used as an anti-
oxidative agent for erythrocytes in blood suspension samples. A spectrometer was used for 
recording the data. 

Results The results showed that 25% of RBCs hemolysis occurred after irradiation with 5Gy of gamma ray 
during 5th week of storage time while in un-irradiated sample 33.8% of RBCs hemolysis occurred 
during the 5th week. 25% of RBCs hemolysis for 10 μM of ascorbic acid concentration started after 
7th week while for control started after 4th week. The minimum rates of RBCs hemolysis observed 
in the samples which pre-treated with (7 and 10) μM concentrations of ascorbic acid then 
irradiated with 1 Gy. 

Conclusion The results indicated that irradiation of human blood with a certain doses of gamma ray, treated 
with small concentration of ascorbic acid or both, the two factors together can protect the blood 
from hemolysis for a longer time and the minimum rate of red blood cells hemolysis was observed 
for 10 μM ascorbic acid concentration then irradiation to 1 Gy of gamma ray. 

Keywords Gamma ray, ascorbic acid, blood storage, red blood cells, oxidative damage 
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List of abbreviations: ATP = Adenosine triphosphate, DPG= 
Biophosphoglyceric, GVHD = Graft-versus-host disease, Hb = 
Hemoglobin, K = Potassium, Na = Sodium, OH = Hydroxyl, RBCs = Red 
blood cells, SOD= Superoxide dismutase  

 
Introduction 

here is a growing concern about the 
possible health effects associated with 
exposure to electromagnetic fields. 

Due to the insufficient number of blood donors 
in the suitable time, the process of blood 

conservation has become a necessary and an 
inevitable process. The preserved red blood 
cells (RBCs) for clinical transfusions must meet 
minimum requirements to the stored blood to 
continue its metabolic functions and deplete 
the metabolites necessary to maintain RBCs 
viability and function. 
It is so significant to recognize that RBCs 
undergo structural and morphological changes 
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associated with Adenosine Triphosphate (ATP) 
depletion and oxidative damage of membrane 
lipids upon storage; such lesions are called 
storage lesions that depend on storage 
conditions, storage length and additives used in 
blood productions (1). For this, the whole blood 
used for transfusion can be stored in blood bags 
at 4 °C, and used within approximately one 
month to achieve its vital goal. 
Mammalian RBCs do not have nucleus like other 
cells in the body, therefore during their 
circulation through capillaries they get 
deformed (2). This deformation of RBCs is one of 
properties to maintain viability. If the 
deformation of cells is too large then the cells 
will get hemolysis easily. The cytoskeleton 
structures of the RBCs membranes responsible 
to restore its shape after deformation by the 
capillaries (2). Exposure to ionizing radiation can 
kill some types of cells while modify others (3).   
For checking the validity of stored blood has 
been investigated by (Marjani et al. 2007) and 
(Huyut et al. 2016). These authors investigated 
the malondialdhyde formation and antioxidant 
enzyme activity in stored blood (4,5). Reactive 
oxygen metabolites and free radicals are 
generated normally in aerobic organisms. 
Membrane lipids are major targets for cellular 
damage of radical mediated lipid peroxidation. 
It is recognized that aerobic cells are primary 
protected from the free radical damage by 
endogenous antioxidants (6). The effect of 
gamma radiation on the stored blood was 
investigated in several studies using wide range 
of doses. Moor and Ledoford (1985) who 
studied the effect of 40 Gy irradiation on the in-
vitro storage properties of packed red cells (7), 
Anand et al. (1997) from zero to 50 Gy (8), and 
Brugnara and Churchill (1992) 2000 cGy (9). The 
prevention of graft - versus – host disease 
(GVHD) is probably one of the major reasons for 
blood irradiation, and its use in susceptible 
patients has increased (10,11). 
Many studies; Britten (1999), Davey et al. 
(1992), Pribush et al. (1994) and Katz et al. 
(1996) indicated that, as the radiation sensitivity 
of T lymphocyte is different widely from that of 

red blood cells a high enough dose should be 
applied to destroy almost all the T lymphocytes 
while causing as little as possible damage to the 
red cells (12-15). Recent studies indicate that 
doses higher than 30 Gy, are required (16). Since 
it causes only minor changes in the 
concentration of the essential constituents of 
the red cells, e.g. ATP, biophosphoglyceric (DPG) 
catalase, glutathione peroxides and 
superoxidedismutase (SOD). However, these 
higher doses cause potassium leakage from the 
red blood cells which is attributed to the 
damage occurred in the cell membrane. In the 
range of doses used (10-30) Gy, the effect of 
irradiation when RBCs are stored at 4 °C is to 
promote a balanced passive exchange of 
intracellular Potassium (K) for extra cellular 
Sodium (Na); this exchange does not affect the 
volume of the RBCs (9). Radiation damage to 
RBCs occurs as the hydroxyl (OH) radicals can 
react with other cellular components in addition 
to the target molecule. 
The aim of this study was to investigate the 
effects of gamma radiation, ascorbic acid 
(vitamin c) added in small concentrations, and 
the combined effect of both on the lifespan of 
erythrocytes through determining RBCs 
hemolysis for conserving it as long as possible 
without any change in erythrocytes biophysical 
properties. 
 
Methods 
A volume of 2.9 ml of blood was drawn from 10 
healthy volunteers (5 males and 5 females) with 
ages between 30-40 years and collected in EDTA 
tubes.  
 
Gamma irradiation 
Blood samples were exposed to different doses 
of gamma radiation (1, 5, 10, 20 and 30 Gy) and 
stored at 4 °C. Gamma source was standard 
from 137Cs source (0.66) MeV (model GB-150 
type B). The exposure rate of 0.34 Gy/min. has 
been calibrated by standard ionization chamber 
type (NE-2571) of volume 0.06 cc with air 
kerma, Calibration factor NK=41.0+0.25 
mGy/min. measured by electrometer type 
NE2571/1 manufactured by nuclear enter press 
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Ltd in UK. The value of absorbance (RBCs 
hemolysis) was recorded for each dose and 
repeated weekly up to 10 weeks. 
 
Adding ascorbic acid 
0.1 ml of ascorbic acid with different 
concentrations (1, 3, 5, 7, and 10) μM of 
ascorbic acid was added to 2.9 ml of blood and 
stored at 4 °C. Each week 0.05 ml of blood was 
added to 9 ml of NaCl saline in a tube then 3 mL 
from the suspension was taken in a standard 
curette of the spectrophotometer, after 
shacking gently and carefully the value of 
absorbance at 577 nm was recorded. This 
process was repeated each week up to ten 
weeks. 
 
Ascorbic acid with gamma irradiation 
Different concentrations of ascorbic acid (1, 3, 
and 5 μM) were added into different blood 
samples and exposed to 20 Gy of gamma 
radiation. Also, the two (7 and 10 μM) 
concentrations of ascorbic acid added in to 
another blood samples then exposed to 1 Gy of 

gamma radiation, the samples stored at 4 °C 
and examined for 10 weeks. 
The data were recorded using spectrometer 
model JASCO (V-530), UV/VIS in Japan. The 
intensity of the peak at 577nm of absorbance 
spectrum represented the degree of 
hemoglobin breakdown (degree of hemolysis) 
(17).  
 
Statistical analysis 
The results were presented as mean ± Standard 
deviation (SD) of percentage and statistical 
analysis were performed using students t-test 
(paired and unpaired two tailed) taking (p < 
0.01) as the significance. 
 
Results 
Table (1) shows the percentage of hemolysis of 
RBCs in the case of control (without irradiation 
or adding the ascorbic acid) through 10 weeks; 
in this case we observed that the hemolysis 
increased as the storage time increased. 

 
Table 1. The relation between absorbance values (RBC hemolysis) for control samples and 

storage times through 10 weeks at 4 °C  
 

Percentages of RBC hemolysis ±SD Storage time in weeks 
7.0±1.49 1 

13.0±1.34 2 
18.5±1.49 3 
25.0±1.49 4 
33.8±1.55 5 
39.0±1.49 6 
44.9±1.17 7 
50.2±1.49 8 
56.3±1.20 9 
63.7±1.63 10 

 
The effect of different doses of gamma radiation 
(1, 5, 10, 20, and 30) Gy on the RBCs hemolysis 
of the blood samples are shown in table (2). It 
was found that irradiation of the blood samples 
increased RBCs hemolysis, which was 
undesirable, but with increasing the storage 
time the rate of the hemolysis decreased in all 

samples exposed to gamma radiation compared 
with the controls. It was observed that 25% of 
RBCs hemolysis occurred after irradiation with 5 
Gy during the fifth week, while in un-irradiated 
sample 33.8% of RBCs hemolysis occurred 
during the fifth week, the difference was 
significant (p<0.01) between them. 
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Table 2. The relation between RBC hemolysis for blood samples exposed to different doses of 
gamma radiation and stored at 4 °C through 10 weeks 

 

Percentages of RBC hemolysis ±SD through 10 weeks Gamma 
radiation dose 

Gy 
10 9 8 7 6 5 4 3 2 1 

34.7±
1.37 

32.4±
1.67 

30.0±
1.43 

27.6±
1.42 

23.9±
1.25 

20.0±
1.58 

16.0±
1.67 

13.0±
1.56 

8.0±1
.26 

4.0±
1.22 

1 

41.1±
1.24 

38.2±
1.72 

36.3±
1.69 

33.0±
1.63 

29.5±
1.73 

25.0±
1.87 

21.2±
1.56 

15.0±
1.21 

9.2± 
1.11 

6.4±
1.19 

5 

43.4±
1.82 

41.2±
1.73 

38.0±
1.40 

34.7±
1.31 

31.0±
1.20 

26.0±
1.23 

22.5±
1.59 

15.9±
1.48 

10.0±
1.55 

6.8±
1.33 

10 

45.0±
1.32 

42.2±
1.14 

39.0±
1.30 

35.4±
1.77 

32.0±
1.62 

27.5±
1.29 

24.0±
1.51 

17.3±
1.28 

12.0±
1.17 

7.2±
1.87 

20 

47.8±
1.31 

44.9±
1.61 

41.8±
1.53 

37.2±
1.40 

34.0±
1.17 

28.9±
1.54 

25.0±
1.49 

19.0±
1.23 

13.5±
1.43 

7.5±
1.15 

30 

 
 

The results of the blood samples treated with 
different ascorbic acid concentrations (1, 3, 5, 7 
and 10) μM are shown in table (3). The results 
showed that 25% of RBCs hemolysis started 
after 7th week while in untreated one RBCs 

hemolysis reaches 25% after 4th week only. 25% 
of RBCs hemolysis for 10 μM of ascorbic acid 
concentration started after 7th week while for 
control started after 4th week, this difference 
was significant (p<0.01).  

 
 

Table 3. The relation between RBC hemolysis for blood samples treated with different   
concentrations of ascorbic acid and storage times through 10 weeks at 4 °C 

 

Percentages of RBC hemolysis ±SD through 10 weeks concentrations 
of ascorbic 

acid μM 
10 9 8 7 6 5 4 3 2 1 

16.7±
1.46 

14.2±
1.39 

12.0±
1.48 

10.0±
1.54 

8.0± 
1.65 

5.7± 
1.32 

4.3± 
1.28 

3.0± 
1.40 

2.0± 
1.34 

1.0±
1.23 

1 

21.3±
1.33 

18.0±
1.59 

15.3±
1.60 

13.0±
1.97 

10.0±
1.67 

8.4± 
1.25 

6.3± 
1.82 

4.2± 
1.94 

2.6± 
1.87 

1.3±
1.26 

3 

25.0±
1.43 

23.0±
1.22 

21.9±
1.16 

19.4±
1.20 

17.0±
1.54 

14.0±
1.83 

11.6±
1.75 

7.0±1
.61 

3.0± 
1.19 

1.9±
1.11 

5 

29.5±
1.73 

27.2±
1.88 

25.0±
1.44 

22.5±
1.92 

20.1±
1.67 

17.7±
1.58 

15.2±
1.62 

12.0±
1.49 

9.8± 
1.41 

4.0±
1.19 

7 

33.0±
1.82 

29.3±
1.53 

27.0±
1.57 

25.0±
1.76 

22.9±
1.94 

20.4±
1.73 

17.2±
1.47 

13.7±
1.37 

10.4±
1.56 

5.2±
1.13 

10 
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The changes in percentages of RBCs hemolysis 
with respect to the storage time (through 10 
weeks) were studied for blood samples pre- 
treated with (1,3 and 5) μM and (7 and 10) μM 
then irradiated with 20 Gy and 1 Gy 
respectively, the results are shown in tables (4 
and5). In pre-treated with (1, 3 and 5) μM 

concentrations of ascorbic acid then irradiated 
to 20 Gy, we observed that 25% of RBCs 
hemolysis for 3μM concentration of ascorbic 
acid started at 5th week while for 1μM this ratio 
of hemolysis started between 6th and 7th 
weeks as shown in table (4). 

 
 

Table 4. The relation between percentages of RBC hemolysis for blood samples treated with low 
ascorbic acid concentrations then exposed to 20 Gy dose of gamma radiation and storage times 

through 10 weeks at 4 °C 
 

Percentages of RBC hemolysis ±SD through 10 weeks Blood samples 
treated with 
ascorbic acid 
and exposed 

to 20 G 

10 9 8 7 6 5 4 3 2 1 

33.2±
1.66 

32.2±
1.89 

30.0±
1.75 

27.6±
1.68 

23.8±
1.57 

20.4±
1.38 

17.5±
1.26 

14.0±
1.24 

7.9± 
1.1 

3.0±
1.23 

1 

36.8±
1.56 

35.2±
1.74 

33.3±
1.38 

30.0±
1.56 

27.5±
1.42 

25.0±
1.67 

20.2±
1.33 

14.4±
1.34 

9.6±1
.45 

4.8±
1.23 

3 

38.4±
1.29 

36.2±
1.56 

34.5±
1.72 

31.7±
1.23 

28.9±
1.65 

26.0±
1.49 

21.5±
1.43 

15.2±
1.60 

10.0±
1.35 

6.7±
1.21 

5 

 
 

The minimum rates of RBCs hemolysis observed 
in samples which pre-treated with (7 and 10) 
μM concentrations of ascorbic acid then 

irradiated with 1 Gy as shown in table (5), in this 
case 25% of RBCs hemolysis started at 9th week.  

 
 

Table 5. The relation between percentages of RBC hemolysis for blood samples treated with 
different high ascorbic acid concentrations then exposed to 1 Gy dose of gamma radiation and 

storage times through weeks at 4 °C 
 

Percentages of RBC hemolysis ±SD through 10 weeks Blood samples 
treated with a 
ascorbic acid 
and exposed 

to 1 Gy 

10 9 8 7 6 5 4 3 2 1 

26.5±
1.26 

24.0±
1.28 

22.0±
1.24 

20.0±
1.49 

18.4±
1.63 

15.5±
1.42 

12.0±
1.59 

7.8± 
1.32 

5.5± 
1.82 

2.3±
1.31 

7 

24.0±
1.38 

22.0±
1.18 

20.0±
1.52 

17.6±
1.61 

15.5±
1.29 

13.0±
1.12 

10.0±
1.38 

6.2± 
1.43 

4.0± 
1.22 

1.8±
1.16 

10 

 
 
                                              



Iraqi JMS 2019; Vol. 17(1) 
 

 
55 

 

Discussion 
The validity of stored blood has been 
investigated by different studies and the current 
study was done to show the effects of gamma 
radiation, ascorbic acid added in small 
concentrations, and the combined effect of 
both on the lifespan of erythrocytes through 
determining RBCs hemolysis for conserving it as 
long as possible without any change in 
erythrocytes biophysical properties. As shown 
in table (1), the percentage of hemolysis of RBCs 
in the case of control increased as the storage 
time increased through 10 weeks due to the 
elevation of lipid peroxidation and hemoglobin 
oxidation (8) and extracellular potassium (K) 
concentration in red blood cells storage (18). 
In irradiation of blood samples to different 
doses of gamma radiation (1, 5, 10, 20, and 30) 
Gy, it was found that RBCs hemolysis increased 
but with increasing the storage time the rate of 
the hemolysis decreased in all samples 
compared with the controls. During the fifth 
week, it was observed that 25% and 33.8% of 
RBCs hemolysis occurred after irradiation with 
5Gy and in un-irradiated sample respectively, 
and the difference was significant (p<0.01) 
between them as shown in table (2). Mintz and 
Anderson (1993) found that the mean 
Potassium (k) and hemoglobin (Hb) 
concentration at the end of 35 days of storage 
for both the irradiated group (30 Gy) and the un-
irradiated one were not significantly different 
(19).  
Treated the blood samples with different 
ascorbic acid concentrations (1, 3, 5, 7 and 10) 
μM showed the role of antioxidant effect of 
ascorbic acid which increased with increasing 
the concentrations up to 10μM. Results of this 
study match the results that by Lenton et al 
(2003), who affirmed that ascorbic acid plays a 
vital and central role in the defense against free 
radicals and oxidants that are implicated in 
chronic diseases (20). 
Different effects were obtained in pre-treated 
with of ascorbic acid then irradiated to gamma 
ray. The minimum rates of RBCs hemolysis 
observed in samples which pre-treat high 
concentrations of ascorbic acid then irradiated 
with 1 Gy. The results indicated that with 
increasing ascorbic acid concentration low dose 

of gamma radiation required to obtain 
minimum RBCs hemolysis.  
The obtained results indicated that irradiation 
of human blood with a certain doses of gamma 
ray, treated with small concentration of 
ascorbic acid or both, the two factors together 
can protect RBCs of blood from hemolysis for a 
longer time. The minimum rate of RBCs 
hemolysis was observed for 10 μM ascorbic acid 
concentration with irradiation to 1 Gy of gamma 
ray. We observed when the concentration of 
the ascorbic acid in blood samples increased; 
low levels of gamma irradiation were added to 
obtain the minimum RBCs hemolysis. 
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Abstract 
 

Background The microbial infections are major cause in abortion, of which viruses appear to be the most frequently 
involved pathogens.  Human Herpes Virus-6 (HHV-6) has been implicated in cases of poor pregnancy 
outcome. 

Objective Detection and quantification of HHV-6 viral load along with titer of IgM and IgG in endometrial epithelial cells 
of women with unexplained miscarriage (cases group) compared to the decidual  endometrial tissue in 
women with full term conception (the control group). 

Methods A total of 90 samples, 45 were taken by curettage from miscarriage women at first and second trimesters of 
pregnancy and 45 were taken from women with full term pregnancy during caesarian operation. HHV-6 DNA 
was extracted from uterus lining tissue samples, and then it was detected and measured by real time qPCR; 
in addition, 3 ml of blood were collected from each subject for detection of HHV-6 IgM and IgG antibodies. 

Results HHV-6 DNA was detected in uterus lining tissue of 20% of abortion and 22.22% of controls (P value=0.79). 
The median viral load of HHV-6 per 106 of uterine cells in abortion group was 15, while for control group was 
13 (P=0.54). HHV-6 load increased with increased number of previous abortions, and it increased with 
presence of recurrent abortion history. It showed significant differences in the median of HHV-6 DNA load 
between recurrent abortion and non-recurrent abortion groups (P value =0.033). Positive anti-HHV-6 IgM 
serum antibodies in HHV-6 DNA detected and no-detected subjects were 0%, and 9.85% respectively; the 
positive anti-HHV-6 IgG serum antibodies in detected HHV-6 DNA were 100%, while 83% in HHV-6 DNA non-
detected subjects. The combination of positive/negative results of the anti-HHV-6 IgG and IgM serum 
antibodies in HHV-6 DNA detected versus non-detected group showed 100% of HHV-6 DNA detected were 
positive for IgG and negative for IgM, versus 73% in non-detected group.   

Conclusion HHV-6 might associated with unexplained miscarriage. HHV-6 infection might increase with increased 
number of previous abortions, and increased with presence of recurrent abortion history. 

Keywords Human Herpes Virus 6A, Miscarriage 
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Introduction 
uman herpesvirus-6 (HHV-6) is an 
ubiquitous beta-herpes virus commonly 
distributed in the general population. 

The primary infection usually occurs in the early 
years of life and remains latent in the host for 
the lifelong period (1). HHV-6 has been 
recognized as the etiological agent of Rosella 

infantum. HHV-6 includes two variants, HHV-6A 
and HHV-6B. Recently, two major subspecies 
have distinguished on the basis of biological, 
immunological, and genetic divergence (2).  
Both variants infect mainly T-cells. The majority 
of population is infected by HHV6-B by 2 years 
of age and HHV-6A infection frequently occurs 
later in life. HHV-6A and B have varied tropism 
(1,3). Evidence suggests that HHV-6 can infect and 
replicate in human genital tract. HHV-6 DNA has 
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been detected in genital tract secretion from 
pregnant and non-pregnant women. Numerous 
studies have reported the high viral shedding in 
pregnant women (4-6).                                                                                                                             
Clinical manifestation of HHV-6 have not been 
clearly defined, especially in adult patients and 
the role of HHV-6 in human diseases remains to 
be completely explained. Numbers of studies 
trying to find and evaluate the role of beta-
herpes viruses' infection in the development of 
various chronic diseases, but still there is no 
final answer for this question. It may be due to 
their ubiquitous nature and different 
mechanisms to interference with the host that 
these viruses are using (1,5,7).  
Miscarriage is the spontaneous loss of 
pregnancy. There are two types of miscarriage 
before 12 weeks called early miscarriage and 
from 12 to 24 weeks called late miscarriage (8). 
Pregnancy loss has been attributed to several 
factors involved in human reproduction. The 
causes of abortions in many cases are still 
unknown. However microbial infections have 
been characterized as a major cause in abortion, 
of which viruses appear to be the most 
frequently involved pathogens (9,10).  
HHV-6 has been implicated in cases of poor 
pregnancy outcome due to ability of virus to 
disrupt endometrium epithelial cells function 
that lead to inhibit the creation of appropriate 
uterine environment for implantation and fetal 
growth that lead to infertility and miscarriage 
(11).    
In 2016, HHV-6A was found in endometrial 
biopsies from primary unexplained infertile 
women, but not in control women. On the 
contrary, HHV-6B was not found in endometrial 
biopsies of both groups (12). In another studies, 
the diagnosis of HHV-6A infection in pregnant 
women, and the detection of HHV-6A DNA in all 
of fetal tissue, umbilical cord blood samples of 
healthy newborns, and the placental tissue 
suggest the possible role of the virus in 
miscarriage at 24 weeks of gestation (7,13,14). 
Several diagnostic methods used for viral 
detection among them quantitative real time 
polymerase chain reaction (real-time qPCR) in 

endometrial epithelial cells samples which is 
considered the method of choice (12).     
This study aimed to investigate the association 
of HHV-6 with the unexplained miscarriage of 
women by doing the following:   

1. Detection of HHV-6 in endometrial epithelial 
cells of women with unexplained miscarriage 
(cases group) compared to the decidual 
endometrial tissue in women with full term 
conception, (the control group).  

2. Serological evaluation of HHV-6 in the serum 
of women with unexplained miscarriage 
compared to control group, namely the in 
women with full term conception.  

Also aimed to evaluate the feasibility of using 
HHV-6 serology as a cheap and simple indicator 
for underlying HHV-6 infection of endometrium 
and assess the odd ratio of using HHV-6 serology 
as a possible predictor for unexplained 
miscarriage. 
 
Methods 
The current study is case control study 
conducted in the period from November 2017 
to September 2018. A total of 90 subjects were 
involved in this study, 45 women miscarriage at 
first and second trimesters of pregnancy and 45 
women with full term pregnancy who 
underwent caesarian operation in Al-Imamein 
Al-Kadhimein Medical City. A consent letter was 
signed by each volunteer, and the study was 
approved by the ethical committees of the 
Ministry of Health of Iraq and of Al-Nahrain 
Collage of Medicine. 
 
Inclusion criteria 
Women with age ranged from 20 to 40 years old 
with unexplained miscarriage till 24 weeks of 
pregnancy were taken as cases, while women 
with full-term pregnancy during the conduction 
of cesarean operation have more than one 
successful pregnancy were taken as controls.  
 
Exclusion criteria 
Women with other causes of miscarriage such 
as endocrine disorder (diabetes mellitus, 
thyroid disorder), anatomical causes acquired 
or congenital thrombophilia and other infection 
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causes miscarriage such as toxoplasmosis, 
cytomegalovirus infection, rubella and herpes 
simplex-2.  
 
HHV-6 DNA detection and quantification        
Accordingly, 90 biopsies of uterus-lining tissues 
in which HHV-6 is suspected to be found, were 
collected. The tissue lining uterus at the first 
trimester of pregnancy was routinely taken by 
curettage from 45 women with unexplained 
miscarriage; the endometrial tissue was 
identified from placental tissue by the 
consultant gynecologist of this study. In 
addition, the decidual tissue, the uterus lining 
tissue at full term gestation was taken from 45 
women with full-term pregnancy during the 
conduction of cesarean operation. Tissue 
samples of approximately 2 grams were cut and 
put in Eppendorf tubes and stored at -20 ºC till 
DNA extraction. HHV-6 DNA was detected and 
measured by real time qPCR. Reaction 
volume=25 µl (15 µl reaction mix +10 µl of 
extracted DNA). The thermal protocol used was 
specified by the kit manufacturer (Sacace/ Italy), 
namely HHV-6 Real-TM Quant. 
 
 
Serology of HHV-6 IgG and IgM antibodies 
In addition, 3 ml of blood were collected from 
each subject and put in a plane tube and then 
were subjected to centrifugation for serum 
separation. Serum samples were subjected for 
Enzyme Linked Immune Sorbent Assay (ELISA) 
technique for detection of HHV-6 IgM and IgG. 
The HHV-6 IgM and IgG ELISA kit 
(VIDIA/Czechoslovakia) for the semi- 
quantitative measurement of IgM and IgG 

antibodies titer to HHV-6 in human serum. The 
strips are coated with native HHV-6 antigen. If 
the specimens contain IgM or IgG antibodies to 
HHV-6, it will bind to the immobilized antigens 
to form immobilized immune complexes. The 
immune complexes are recognized by animal 
anti- human IgM or IgG antibodies with enzyme. 
The enzymatic reaction was revealed with 
chromogen substrate to produce a yellow color 
indicating the amount of HH-6 IgM and IgG 
antibodies present in the specimens.   
 
Statistical analysis  
For the nominal qualitative data, Chi square and 
Fisher exact tests were used for association 
measurement. For quantitative data mean or 
median difference measuring tests were used. 
For parametric data, student t-test was used, 
while for non-parametric data Mann-Whitney 
test was used. Odds ratio is used to study the to 
compare the relative odds of occurrence of the 
outcome. In addition, P value was used to test 
the null hypothesis and determine the 
significance of testing. P value less than 0.05 
was indicative for a significant result. 
 
Results 
The mean of age of abortion group was 29.17 
and of control group was 28.22 range from 20 to 
40 years old. This study showed that uterus 
lining tissue of 9 out of 45 abortion (20%) and 10 
out of 45 control group (22.22%) harbored HHV-
6 in by using Real Time PCR. However, the rate 
of HHV-6 detection was not significantly 
different (P value=0.79) between abortion and 
control groups (Table 1). 

 
Table 1. Detection rate of HHV-6 in uterus lining tissue between abortion and controls groups  

 

 Detected Non-detected Total 

Abortion 
9 36 45 

20.0% 80.0% 100% 

Control 
10 35 45 

22.22% 77.78% 100% 

Chi square p value=0.79 
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This study showed a higher frequency of 
recurrent abortions in HHV-6 DNA detected 
group than HHV-6 DNA non-detected group but 
it did not reach the statistical significance level 

(P value=0.14). It was 15.79% from HHV-6 DNA 
detected group versus only 5.63% of HHV-6 DNA 
non-detected group with recurrent abortions 
(Table 2). 

 
 

Table 2. The frequency of recurrent abortions between HHV-6 DNA detected and HHV-6 DNA 
non-detected in both abortion and control groups 

 

Recurrent Abortions Yes No Total 

HHV-6 DNA Detected 
3 16 19 

15.79% 84.21% 100% 

HHV-6 DNA Non-detected 
4 67 71 

5.63% 94.37% 100% 

Chi square p value=0.14 

 
 

In the abortion group only, this study also 
showed a higher frequency of recurrent 
abortions in HHV-6 DNA detected group than 
HHV-6 DNA non-detected group but it did not 
reach the statistical significance level this study 

showed non-significant differences (P 
value=0.1). It showed 33.33% of HHV-6 DNA 
detected with recurrent abortions, and only 
11.11% of HHV-6 DNA non-detected group with 
recurrent abortions (Table 3). 

 
 

Table 3. The frequency of recurrent abortions between HHV-6 DNA detected and HHV-6 DNA 
non-detected in abortion group 

 

Recurrent Abortions Yes No Total 

HHV-6 DNA Detected 
3 6 9 

33.33% 66.67% 100% 

HHV-6 DNA Non-detected 
4 32 36 

11.11% 88.89% 100% 

Chi square p value=0.1 

 
 
 
 

On the other hand, the comparison of HHV-6 
DNA load in HHV6-DNA positive only subjects in 
both abortion and control groups in regard to 
presence or absence of recurrent abortion 
history showed significant differences in the 
median of HHV-6 DNA between recurrent 

abortion and no recurrent abortion groups (P 
value =0.033). The median of HHV-6 DNA load in 
women with recurrent abortion was 36 copy 
no./106 cells, and 13 copy no./106 cells in non- 
recurrent abortion (Table 4). 
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Table 4. Comparison of HHV-6 DNA load in uterus lining tissue regard to recurrent abortion 
history 

 

Recurrent Abortions Yes No 

Median (Copy no./106 cells) 36 13 
Standard Deviation 20.43 1946.9 

Mann Whitney, P=0.033 (Significant) 

 
 

The positive/negative results of the anti-HHV-6 
IgM serum antibodies in both abortion and 
control groups subjects with detected HHV-6 
DNA versus non-detected HHV-6 DNA showed 
(0%) of HHV-6 DNA detected were with positive 
IgM index versus up to (10%)  in HHV-6 DNA 

non- detected group but it did not reach the 
statistical significant (P value=0.33). The odds 
ratio 4.53 refers that the odds of  PCR to detect 
HHV-6 DNA in the lining tissue of uterus is 4.5 
when IgM-HHV-6 is negative (Table 5). 

 
Table 5. The positive/negative results of the anti-HHV-6 IgM serum antibodies in both abortion 

and control groups subjects with detected HHV-6 DNA versus non-detected HHV-6 DNA 
 

 
Negative IgM 

Index 
Positive IgM 

Index 
Total 

HHV-6 DNA Detected 
19 0 19 

100% 0% 100% 

HHV-6 DNA Non-detected 
64 7 71 

90.14% 9.85% 100% 

Fisher exact, P= 0.33, Odds ratio=4.53, P=0.32 

 
 

The positive/negative results of the anti-HHV-6 
IgG serum antibodies in both abortion and 
control group subjects between detected HHV-
6 DNA versus non-detected HHV-6 DNA groups 
showed (100%) of HHV-6 DNA detected subjects 
were positive, while (83%) of HHV-6 DNA non-
detected were positive with borderline 
statistical significance (P value=0.057). The odds 
ratio 8.2 that mean the odds for PCR to detect 
HHV-6 is 8 when IgG-HHV-6 is positive (Table 6). 

The combination of positive/negative results of 
the anti-HHV-6 IgG and IgM serum antibodies in 
both abortion and control group subjects with 
detected HHV-6 DNA versus non-detected 
showed significant association between 
serology of HHV-6 antibodies and the presence 
of HHV-6 DNA in uterus tissue (Fisher exact, P 
value=0.038). It was shown 100% of HHV-6 DNA 
detected subjects were positive for IgG and 
negative for IgM versus 73% of non-detected 
subjects (Figure 1). 
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Table 6. The positive/negative results of the anti-HHV-6 IgG serum antibodies in both abortion 
and control groups subjects with detected HHV-6 DNA versus non-detected HHV-6 DNA 

 

 
IgG Index 
Positive 

IgG Index 
Negative 

Total 

HHV-6 DNA Detected 
19 0 19 

100% 0% 100% 

HHV-6 DNA Non-detected 
59 12 71 

83.1% 16.9% 100% 

Fisher exact, P= 0.057, Odds ratio=8.2, P=0.15 

 
 

 
 

Figure 1. The combination of positive/negative results of the anti-HHV-6 IgG and IgM serum 
antibodies in both abortion and control group subjects with detected HHV-6 DNA versus non-

detected HHV-6 DNA, a: IgGn-IgMn: both  serum IgM and IgG are negative, b: IgGn-IgMp: serum 
IgG is negative and IgM is positive , c: IgGp-IgMn: serum IgG is positive and IgM is negative, d: 

IgGp-IgMp: both  serum IgM and IgG are positive 
 
                                              
Discussion 
Miscarriage and infertility are prevalent around 
the world and in many cases, the causes are 
unknown. HHV-6 (particular HHV-6A) is an 
etiological agent or a risk factor in a portion of 
these cases (7,11,12).  
In this study, HHV-6 DNA positivity was detected 
in 20% of miscarriage endometrial tissue while 
the uterus lining tissue of control group showed 
HHV-6 DNA in 22.22%. There was no significant 
difference in the detection of the virus between 
both groups. Previous reports showed that 
HHV-6 DNA has been detected in genital tract 
secretions from pregnant and non-pregnant 
women (4,5); HHV-6 DNA and antigens have been 

identified in biopsies of archived cervical 
samples (15,16), and these suggest that the female 
genital tract may be the secondary site for HHV-
6 persistence.   
The effect of virus on the pregnancy outcome 
related with other factors such as hormonal 
effect (12), immunological statues of individual 
(12,17,18) that lead to reactivate of virus, and 
inhibit the creation of appropriate uterine 
environment for implantation and fetal growth 
that lead to miscarriage (11).                 
However, the history of previous abortions and 
recurrent abortions showed non-significant 
effect on HHV-6 DNA detection rate; it may be 
due to low samples size; this disagrees with the 
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results of  previous study that  showed recurrent 
abortion  due to maternal infections 
transmissible in utero at various stage of 
gestation can be caused by a wide array of 
organisms including  HHV-6 (19).    
The viral load of HHV-6/106 cells of uterus lining 
tissue in positively detected cases was 
approximately 14.5 HHV-6 per 106; the low viral 
load could be attributed to low samples size 
because one of abortion cases showed viral load 
equal 336100 virion/106 cells. In addition, the 
viral load of HHV-6/106 cells of uterus lining 
tissue showed non-significant differences 
between abortion and control groups. This 
disagrees with the results of previous research 
carried out recently in Italy on females with 
primary unexplained infertility in which viral 
load in endometrial tissue was shown to be 4 
copies of HHV-6A per one diploid cell (12). This 
stark difference in level of HHV-6 load in our 
study compared to that previous study may be 
attributed to less association of virus with 
miscarriage than female infertility. It could also 
be due to variations in environmental factors, 
estrogen levels, and immunological status 
between the population of the two studies 
effecting viral behavior.                                                                                                                   
The viral load significantly increased with the 
presence of recurrent abortion  status (P value 
=0.033), this supports the notion that HHV-6 
may be associated  with unexplained recurrent 
abortion; and this agrees with the findings of a 
couple of previous studies that showed 
recurrent abortion  due to maternal infections 
transmissible in utero at various stage of 
gestation can be caused by a wide array of 
organisms include  HHV-6 (19,20), the clinical 
importance of this finding warrants further 
investigation.  
Enzyme linked immune sorbent assay test for 
measurement HHV-6 IgM showed only 6.67% 
positive from abortion group, and 8.89% of 
control group was positive with non-significant 
differences; immunosuppression during 
pregnancy could be a possible reason for low 
percentage in both groups (21).  
This result agrees with results of previous 
studies on women who developed pityriasis 
rosea, which associated with the reactivation of 
HHV-6 and 7 during first trimester of pregnancy 

leading to high rate of abortion that showed 
HHV-6 IgM–negative for all samples (22,23). This 
disagrees with the results of (Ando et al, 1992) 
who showed increased anti-HHV-6 IgM titer in 
abortion group (24); this is may be due to 
geographical differences as well as to variation 
in the type of infection, primary or reactivation 
of latent infection (25,26).  
All HHV-6 detected samples in abortion and 
control group was negative for anti HHV-6 IgM 
with odds ratio 4.53, which  means the odds are 
4.53 for PCR to detect HHV-6 in uterus lining 
tissue when IgM-HHV-6 is negative; it may be 
due to immunosuppression status during 
pregnancy where more immunosuppression 
leads to more chances of HHV-6 reactivation 
and lower titer or absence of HHV-6 IgM (21), and 
reactivation of latent infection due to various 
factors including hormonal effect (12) that more 
related with elevation of IgG antibodies (26) than 
IgM antibodies that related with primary 
infection (25). This result agrees with the result of 
previous studies on women with pityriasis 
rosea, who were associated with the 
reactivation of HHV-6 and 7 during first 
trimester of pregnancy leading to high rate of 
abortion; they showed that HHV-6 IgM–
negative for all women with positive PCR for 
HHV-6 (22,23).   
The results of ELISA test detection anti HHV-6- 
IgG antibody supporting this idea that showed 
all HHV-6 detected samples in abortion and 
control group was positive for anti HHV-6-IgG 
with odds ratio 8.2 that mean PCR turns out 
positive for HHV-6 when IgG-HHV-6 is positive 
by ELISA.  
Also, 100% of HHV-6 DNA detected samples 
were positive for IgG and negative for IgM 
serum anti-HHV-6 antibodies with significant 
differences. This finding supports the above 
explanation that HHV-6 reactivate in uterus with 
immune suppression where IgM is missing and 
IgG is elevated.  
The results of ELISA test for HHV-6 IgG showed 
91.11% positive from abortion group, and 
82.22% of control group was positive with non- 
significant differences between both groups. It 
showed high value of IgG index may be due to 
same reason of above (reactivation of latent 
infection due to various factors including 
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hormonal effect (12) that related with elevation 
of IgG antibodies (26)).              
More studies are needed to confirm the results 
of this study, further research to confirm 
whether HHV-6, in particular HH-6A, is an 
etiological agent or risk factor associated with 
unexplained miscarriage, and using of accurate 
treatment may make possible to carry healthy 
babies for more women.                          
This study concluded HHV-6 might be associated 
with unexplained miscarriage. The rate of HHV-
6 infection might increase with higher number 
of previous abortions, and with the presence of 
recurrent abortion history. Moreover, serum 
anti-HHV-6 IgM and IgG antibodies by ELISA 
might be a useful diagnostic method for 
detection of HHV-6 infection in uterus lining 
tissue. The rate of HHV-6 infection in uterus 
lining tissue was higher when serum IgG positive 
and IgM negative.    
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Abstract 
 
Background β-Thalassemia occurs in higher frequency in the Mediterranean area and the Middle East. 

Classically serum ferritin and liver biopsy have been needed to monitor patient's response to 
chelation therapy. Magnetic resonance imaging (MRI) has been proved effective in detecting and 
quantifying iron in the heart and liver. 

Objective To assess the value of MRI T2* procedure in assessment of hepatic (LIC) serum ferritin level and 
MRI T2* of liver and myocardium in patients with BTM. 

Methods A cross -sectional study was conducted at Al-Imamein Al-Kadhimein Medical City in Baghdad, from 
September 2016 to September 2017, 45 patients with BTM were collected from the Thalassemia 
center in Ibn AL-Baldy Hospital. Hepatic and myocardial T2* MRI results were taken from the file 
records of the patients from the same center.The results of hepatitis B and C and serum ferritin 
were taken from the file records.  

Results The total number of patients was 60, 15 patients were excluded because of heart failure and 
hepatitis B and C, the mean age was (19.95±6.85 years), male: female ratio equal to 1:1. Fifty-one 
patients (85%) were on Deferasirox and 19 patients (31.76%) were splenectomized. Serum ferritin 
ranged between (1009-10600 ng/l). Liver T2* MRI ranged from (0.5-17 ms) with a mean of 
(3.66±3.13 ms). Mild-moderate severity found in the majority, 18 cases (40%), 13 cases (28.9%) 
respectively, with strong inverse correlation between liver MRI and serum ferritin level. 
Myocardial T2* MRI ranged from (1.88-33.2 ms) with a mean of (13.16±7.81 ms). Moderate-severe 
degree of severity in the majority, 12 cases (26.67%), 19 cases (42.22%) respectively, with 
significant inverse correlation between serum ferritin and myocardial MRI. There is no positive 
correlation between myocardial T2* MRI nor liver T2* MRI with mean age of the patients.   

Conclusion The study shows that MRI is an accurate and non-invasive method to assess iron overload in liver 
and heart in β-thalassemia patients with regular transfusion. 

Keywords β-Thalassemia major, blood transfusion, serum ferritin, cardiac MRI, hepatic MRI 
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Introduction 
-Thalassemia occurs in higher frequency 
in the Mediterranean area and the 
Middle East (1). Infants with severe beta β 
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thalassemia major (BTM) are well at birth. 
Symptoms emerge during the second six 
months of life when fetal hemoglobin (HbF) is 
replaced by adult hemoglobin (HbA) (2). In 
transfused patients with BTM, cardiac 
hemosiderosis is the most feared complication. 
Without early institution of iron chelation 
therapy, they develop a sterile pericarditis, 
ventricular arrhythmias, end-stage restrictive 
cardiomyopathy, heart failure, and death (3).  
Hepatomegaly is prominent early in the disease, 
even in the absence of transfusion, the 
accelerated rate of erythropoiesis enhances 
dietary iron absorption from the gut, resulting in 
a chronic state of iron overload, with liver 
fibrosis and, potentially, end-stage liver disease 
(4). Serum ferritin levels in those with BTM may 
be quite elevated, reflecting the presence of 
iron overload (5).  
Magnetic resonance imaging (MRI) methods for 
assessing tissue iron can be separated into two 
groups: signal intensity ratio (SIR) methods and 
relaxometry methods (R2) (6). R2 of the liver 
demonstrates a significant positive correlation 
with serum ferritin and hepatic iron 
concentration (LIC) determined from liver 
biopsy material (7).   
Myocardial iron has been evaluated by MRI 
using SIR and relaxometry techniques. MRI 
studies have demonstrated discordant results 
regarding the relationship of myocardial iron 
with hepatic iron and serum ferritin (8).  
MRI studies have shown that cardiac siderosis 
increases with age, but that siderosis progresses 
more slowly in the heart than in the liver (9).  
This study aimed to assess the value of MRI T2* 
procedure in assessment of hepatic (LIC) and 
myocardial iron concentration (MIC). Also, to 
assess the correlation between serum ferritin 
and T2* MRI of liver as well as the correlation of 
serum ferritin and T2* MRI of myocardium. 
 
Methods 
A cross-sectional study was conducted at AL- Al-
Imamein Al-Kadhimein Medical City in Baghdad, 
from September 2016 to September 2017. 
Cases were taken from Ibn Al-Balady hospital – 

thalassemia center including all the patients 
who had been diagnosed as BTM with specific 
inclusion criteria at the previous time period, 
they were older than 5 years and transfusion 
dependent. The total number of cases was 60 
patients. Each patient was inquired for his 
name, sex, age, chelating agents used and 
whether splenectomy was done. All the 
included patients had to fulfill the following 
criteria: BTM patient of more than 5 years old, 
and were receiving regular transfusion of 
packed red blood cells 10-15 ml per Kg body 
weight at 2-4 weeks interval (in order to 
maintain their hemoglobin level above 10 
mg\dl), without any incidence of hepatitis B or C 
or any congenital or acquired liver diseases and 
who didn't develop heart failure. Screening for 
hepatitis B and C were taken from the file 
records of the patients. 
For each patient included in the study, a T2* 
MRI study (for assessment of iron overload in 
the liver and the heart) had to be documented, 
the results were taken from the file records of 
the patients, for the patients who didn't have 
the required MRI study,  researcher had 
arranged an MRI  appointment for them in the 
Radiology Department of Al-Imamein Al-
Kadhimein Medical City, furthermore, serum 
ferritin study was conducted monthly for each 
of them. Measurements were carried out by an 
enzyme-linked immune florescent assay, 
(BiomeriEux closed system Minividas apparatus, 
French). The results were taken from the file 
records of the patients. Each case was sent for 
ECHO study to exclude any patients with 
evidence of heart failure. 
The exclusion criteria were any patients 
younger than 5 years, and patients with 
associated hepatitis B or C, to avoid any other 
parenchymal changes that can alter our results. 
Ethical committee approval had been taken to 
perform MRI study for the included patients.  
 
MRI of liver  
MRI studies performed for the elected BTM 
patients with a 1.5 T Avanto (magneto) system 
(Siemens medical System). Three transverse 
images were recorded using a body matrix coil, 
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visualizing the right liver lobe, and posterior 
vertebral muscles in the same slice. 
 
 
 
MRI of heart 
MRI studies performed for the elected BTM 
patients with a 1.5 T Avanto (magneto) system 
(Siemens medical System). Three mid-
ventricular short axis slices were imaged with a 

slice thickness of 10 mm and a slice gap of 0.6 
mm. using body matrix coil, gradient echo 
sequence (T2*) with 8 echo times (3.6-16 ms) 
was used to obtain the images. The field of view 
was 400 mm with the Field of view (FOV) was 
75%, with prospective ECG triggering. The 
images were acquired at the mid-diastolic phase 
whereas the heart motion was minimal. 
Normal values of MRI T2* of Liver and Heart to 
measure iron overload (Table 1).

  
Table 1. Normal values of MRI T2* of Liver and Heart to measure iron overload (8)  

 

 Normal/ms Mild/ms Moderate/ms Severe/ms 

T2* Heart <20 14-20 10-14 >10 
T2* Liver >6.3 2.8-6-3 1.4-2.7 <1.4 

 
 

Statistical analysis 
Data were analyzed by IBM SPSS statistics 
version 24; spearman test had been used to 
correlate S. ferritin level, liver T2* in ms, cardiac 
T2*value in ms. Chi square test and paired 
sample T-Test with Bootstrap to assess P. value, 
a value of > 0.05 is considered significant. 
Descriptive variables were presented as 
numbers and percentage, continuous variables 
were presented as mean and standard 
deviation.  
 

Results 
Sixty patients were included in this cross 
sectional study, their mean age was (19.95 ± 
6.85) years distributed in numbers (Table 2), 31 
cases (52%) were females and 29 (52%) were 
males, male:female ratio 1:1. All are BTM, on 
regular blood transfusion and on regular iron 
chelating agent for more than 18 months, 15 of 
the  patients were excluded from the study 
because  11 was hepatitis C positive and 4 had 
with heart failure. MRI was done for 45 patients 
only. 

 
 

Table 2. Age distribution of the patients 
 

Age (year) No. % 

<10 2 3 
10-14 11 18 
15-19 21 35 
20-23 13 22 
>24 13 22 

Total 60 100 

Fourteen patients had undergone splenectomy 
(23.33%) and fifty-one patients (85%) were on 
Deferasirox (Exjade), only five of the sixty 

patients (8.3%) were on Deferoxamine 
(Desferal) and four patients (6.7%) stopped the 
treatment as shown in (Table 3). 

 



Iraqi JMS 2019; Vol. 17(1) 
 

 
69 

 

 
Table 3. Type of chelating agents 

 

Type of chelating therapy No.  % 

Deferasirox 51 85 
Deferoxamine 5 8.3 
Non-compliant 4 6.7 

 
 

The serum ferritin range between (1009-10600) 
ng/l with mean (3737.16±2759.56) ng/l. 
Correlation of liver T2* MRI with serum ferritin 

and mean age shown in (Table 4), the majority 
had mild to moderate degree of severity.  

 
 

Table 4. Correlation of liver T2* MRI with serum ferritin and mean age 
 

Liver T2* 
MRI 

No. (%) Age (year) MRI liver (ms) S. Ferritin (ng/l) 

Normal 5 (11.1) 24.8±4.88 10.48±3.8 2351.0±1945.63 
Mild 18 (40.0) 22.94±7.13 4.41±1.11 2238.28±1994.29 

Moderate 13 (28.9) 17.0±6.1 1.86±0.36 3898.77±1783.64 
Severe 9 (20.0) 16.89±3.72 0.97±0.34 7271.56±2532.85 

Total 45 (100) 20.22±6.72 3.66±3.13 3737.16±2759.56 

r. value    -0.528 
P. value    <0.001 

 
 

There was strong inverse correlation between 
liver MRI and serum ferritin level (r = -0.528) 
with significant P value of <0.001. as it is shown 
in (Figure 1). 
Correlation of myocardial T2* MRI with serum 
ferritin and mean age is shown in (Table 5), the 
majority had moderate to severe degree of 
severity. 

There was strong inverse correlation between 
myocardial MRI and S. ferritin (r = -0.468) with 
significant P value of 0.001 (Figure-2). 
The mean myocardial T2* MRI was 
(13.16±7.81), While the mean liver T2* MRI was 
(10.48±3.8) ms, with a discordant result 
regarding the relationship between myocardial 
iron content and hepatic iron content (Figure 3). 
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Figure 1. Relationship between liver T2* MRI and serum ferritin 
 
 

Table 5. Correlation of myocardial T2* MRI with serum ferritin and mean age 
 

Myocardial 
T2* MRI 

No. (%) Age (year) MRI liver (ms) S. Ferritin (ng/l) 

Normal 10 (22.2) 21.7±6.38 25.05±4.36 2882.3±2843.73 
Mild 4 (8.89) 22.5±6.95 16.62±1.05 2149.0±428.15 

Moderate 12 (26.68) 19.83±8.19 12.95±1.07 2380.75±1334.9 
Severe 19 (42.23) 19.21±6.13 6.31±2.18 5378.11±2901.13 

Total 45 (100) 20.22±6.72 13.16±7.81 3737.16±2759.5 

r. value    -0.468 
P. value    0.001 

 
 



Iraqi JMS 2019; Vol. 17(1) 
 

 
71 

 

 
 

Figure 2. Relationship between myocardial T2* MRI and serum ferritin 
 
 
 
 

 
 

Figure 3. Difference between liver and myocardial T2* MRI in the study group 
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Discussion 
Regarding the distribution of severity of iron 
overload in hepatic and cardiac T2 MRI finding, 
14 cases (31%) were of normal to mild severity 
in cardiac MRI where 31 cases (69%) were of 
moderate to severe degree in cardiac MRI, on 
other hand; 23 (51%) cases were of mild to 
moderate severity and the rest 22 (49%) cases 
were of moderate to severe degree, which is the 
same outcome of Noetzli et al. study in Tehran, 
which shows that there is no correlation 
between cardiac and hepatic T2 MRI in relation 
to  the severity of the disease (11).  
Correlating hepatic MRI finding with the 
severity of the disease, a relatively small 
number of cases (9 cases; 20%) were with 
severe degree of hepatic MRI finding, which 
may be due to the fact that the chelating agents 
acting more efficiently on the liver with easy 
excretion of iron overload from the liver than 
that of the heart. 
In the present study, analyzing of correlation 
between hepatic T2 MRI finding and the serum 
ferritin, the study shows that there is significant 
correlation between them with a P value of 
<0.001, which is the same finding in Majd et al. 
study in Iran (10), Eghbali et al. study (12), and 
Zamani et al. study in Iran (13). Such results can 
be accepted when understanding that 70% of 
iron stores in the body are deposited in the liver. 
Regarding the correlation between cardiac T2 
MRI finding and serum ferritin level, the study 
shows that there is strong correlation between 
them with a P value equal to 0.001, which is also 
significant in Majd et al. study in Iran (10) and Kirk 
et al. study in UK (14). Such finding can be 
explained due to iron overload toxicity in the 
heart that occurs in disease process; which is 
associated with many cardiac complications 
such as heart failure and arrhythmias which are 
the main causes of death in patients with BTM. 
This finding is in contrast to Azarkeivan et al. 
study in Iran, which shows there is no significant 
correlation between serum ferritin level and 
cardiac T2 MRI, which is explained by 
documentation of paradoxical low serum 
ferritin level in certain patients with heavy iron 
overload (15).  
Differences in iron kinetics and variations in 
chelation schemes may be responsible for the 

lack of correlation of the MRI-determined 
myocardial iron with that of the liver. More 
active elimination of iron from the hepatocytes 
than from the myocytes may play a role in the 
absence of correlation in patients receiving 
chelation therapy (8). 
Splenectomy was done for 15 out of 45 cases 
(33%) cases, while in Vichinsky et al. study, 45% 
of 407 cases had been splenectomized (16), while 
in Fahmy et al. study, 12 cases (17%) of the 
seventy cases had been splenectomized (17).  
This study concluded that there is strong 
correlation between serum ferritin and liver and 
heart MRI findings, so we can depend on serum 
ferritin in centers which lack MRI technique to 
assess the iron overload in heart and liver. 
MRI is accurate and non-invasive method to 
assess iron over load in the vital organ (heart 
and liver), in β - thalassemia patients who are on 
regular transfusion. 
This study recommends: 
1. A larger study to find the correlation 

between serum ferritin and iron overload in 
heart, liver, pituitary gland and pancreas. 

2. Using MRI as a yearly standard follow up in β-
thalassemia patients with regular transfusion 
who are at high risk with iron overload so we 
can early detect the complications of the 
organs that suffer from iron overload.   
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Abstract 
 

Background Human Bocavirus (hBoV) has recently been identified as a causative agent of acute respiratory infection (ARI) 
in infant and young children. However, there is little information about its frequency and importance as a 
cause of lower respiratory tract infection (LRTI) in Iraq. 

Objective To assess the frequency of hBoV and co-infection rate in infants and young children with LRTI. 

Methods Nasopharyngeal/throat swabs were collected during the peak winter months from 100 hospitalized infants 
and young children less than 5 years of age with LRTI in Baghdad, Iraq. Five viruses were investigated by 
Multiplex Real-Time Polymerase Chain Reaction (RT-PCR). 

Results It was found that 71 (71%) had a viral infection either single or mixed. Six out of 100 samples (6%) were hBoV 
positive, 10 (10%) were parainfluenza virus positive, 12 (12%) tested positive for adenovirus, 58 (58%) were 
rhinovirus positive and none of the samples gave positive results for coronavirus. Sixteen samples showed 
mixed infection with rhinovirus, eight of these (8%) with parainfluenza virus, 6 (6%) with adenovirus, and 2 
(2%) with hBoV. There were no significant differences between the viral infected and non-infected patients 
with respect to age, gender, crowding status, gestational age, diagnosis at presenting and hospital stay (the 
average stay of viral-infected patients in the hospital was three days). In contrast, exposure to smoking was 
significantly more associated with viral-infected children than virus-free children (80% vs. 44.83%, P<0.001). 
In addition, viral-infected children showed significantly less proportion for need for intensive care unit than 
virus-free children (15.5% vs. 79.31%, P<0.001). Breastfeeding was found to have significant adverse 
association with viral infection (P<0.001). About one-third of viral-infected children had a medical history 
involving a disease other than respiratory infection (P<0.001). Finally, viral-infected children were reported 
to have longer period of illness before hospital admission (6.32±5.49 days) than virus-free children (6.32±5.49 
days vs. 3.38±2.37 days, P<0.01).   

Conclusion More than two third of children with respiratory tract infection have been viral infection either single or 
mixed. Multiplex RT-PCR has the potential for clinical use in the rapid and differential detection of viral 
infection. 
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Introduction 
espiratory infections are the leading 
cause of morbidity and mortality in 
children worldwide. The World Health 

Organization (WHO) ranks respiratory tract 
infections as the second leading cause of death 
in children aged less than five years of age, 
predominantly in developing countries (1,2). 
Human bocavirus (hBoV) is a ssDNA virus that 
first discovered in 2005. It has been classified as 
a member of Parvoviridae family and associated R 
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with respiratory illness and gastroenteritis in 
children (3). Currently, four genotypes have been 
described (hBoV 1 to 4). The hBoV1–2 has been 
associated with respiratory tract infections, 
while hBoV2–4 associated with gastrointestinal 
disease (1). There has been controversy 
regarding hBoV as a sole causal pathogen due to 
the high observation of co-infection with other 
viruses and the inability to fulfill Koch postulates 
given the challenges of viral culture (4). In 
addition, individuals with low viral load are 
more likely to be co-infected with other 
pathogens compared to those with high viral 
load (57% vs. 38.9%). The rate of co-infections 
in subjects with respiratory infections and 
hBoV-positivity ranges from 8.3% to 100% (5). 
Other respiratory viruses, human parainfluenza 
viruses (hPiv 1 to 4) are ssRNA viruses belongs 
to Paramyxoviridae family. It has been 
associated with a broad spectrum of respiratory 
tract disease including common cold, croup, 
bronchitis, bronchiolitis and pneumonia and 
certain serotype are frequently associated with 
certain illness (6,7). Human adenoviruses (hAdv) 
are dsDNA virus, which belongs to Adenoviridae 
family and classified as seven species (hAdv A to 
G), acute respiratory infections (ARI) are mainly 
caused by species B, C and E worldwide. 
Children with hAdv pneumonia may be 
misdiagnosed and inadequately treated (8). 
Human rhinoviruses (hRv) are ssRNA viruses, 
which belongs to Picornaviridae family. They are 
divided into three species, (hRv A to C) and 
approximately 150 distinct genotypes identified 
within those species. Although once thought to 
cause only the common cold, it is now known 
that hRv are associated with Lower respiratory 
tract infection (LRTI) including bronchiolitis and 
pneumonia and can exacerbate asthma in 
children and adult (9,10). Finally, Human 
coronaviruses (hCov) are ssRNA viruses that 
most commonly associated with mild 
respiratory illnesses, but can cause severe 
illness, such as severe acute respiratory 
syndrome (SARS) coronavirus (11). To date, six 
hCov have been identified of which four (ОС43, 
Е229, NL63, and HKUI) are globally circulate in 

the human population (12). The role of the most 
common respiratory viruses has been well 
described, while the roles of other less known, 
viruses such as hBoV remains largely unknown 
especially in developing countries (13,14). 
This study attempted to determine the 
frequency of HBoV in infant and young children 
with lower respiratory tract infection, as well as 
its potential to cause infection as a sole 
etiological agent or as co-infection with other 
viral pathogens and to give real insight to 
prevalence of viral infections in a sample of Iraqi 
children. 
 
Methods 
Specimen collection: 
One hundred nasopharyngeal/throat swabs 
samples were collected during November, 2017 
to March, 2018 from hospitalized infants and 
young children with LRTI at Ibn Al-Baladi 
Teaching Hospital, Medical City Hospital and Al-
Imamein Al-Kadhimein Medical City in Baghdad, 
Iraq. Children age range was 1 month to 60 
months, they were enrolled in this study after 
an informed consent was obtained from parents 
and approved from Institutional Review Boards 
of College of Medicine, Al-Nahrain University 
(approval no. M.M.M./22 in 27/12/2017). 
Nasopharyngeal/throat swabs were taken using 
flocked swab regular (catalog number 80346C, 
Copan Diagnostic, Italy) and flocked swab 
nasopharyngeal (catalog number 80503CS, 
Copan Diagnostic, Italy) and then combined into 
a single tube of viral universal transport medium 
(3 ml UTM, Copan Diagnostic, Italy). Specimens 
were transported in cold packs to the laboratory 
within 8 hours of collection and preserved 
frozen at (−70 °C) until tested. Questionnaire 
form was used to collect information of clinical 
symptoms before admission to the hospital and 
demographic information by parental interview. 
Medical files were reviewed for selected clinical 
data of the patients, only patients with LRTI 
were included. The crowding index was 
calculated according to the American crowding 
index (15). 
 
RNA and DNA extraction 
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RNA/DNA were extracted from frozen specimen 
aliquots according to manufacturer’s 
instructions using Ribo-Sorb RNA/DNA 
Extraction kit (Sacace Biotec, Italy). Internal 
Control (IC) was used in the isolation procedure 
which serves as an amplification control for 
each individually processed specimen and to 
identify possible reaction inhibition. The 
concentration and purity of RNA/DNA extracts 
were measured by a nanodrop (BioDrop μLITE, 
BioDrop Co., UK). The isolated RNA/DNA was 
stored frozen at (−70 °C) until analysis.  
  
Multiplex RT-PCR 
RNA was reverse transcribed to cDNA, which 
used as a template for Multiples RT-PCR. 
Reactions mix were prepared according to the 
manufacturer's instructions using ARVI Screen 
Real-TM kit (Sacace, Itaily). Real-time PCR was 
performed with the Magnetic Induction Cycler 
(Mic, Australia) using primers and probe 
sequences that amplified a fragment 
encompassing specific region to each virus, 
allowing detection of five viruses hBov, hPiv (1-
4), hAdv (B, C, E), hRv and hCov (ОС43, Е229, 
NL63, and HKUI). Positive and negative controls 
were included to verify the validation of the 
reaction. Instrument setting according to 
manufacture instruction for roter type 
instruments. The real-time thermal condition 
included holding step at 1 cycle at 95 °C for 15 
min (as an initial denaturation), cycling step 
including 10 cycles of 95 °C for 10 sec, 54 °C for 
25 sec and 72 °C for 25 sec, and 35 cycles of 95 
°C for 10 sec, 54 °C for 25 sec and 72 °C for 25 
sec with fluorescence data collected during the 
54 °C annealing/extension step. Fluorescence is 
detected is in FAM/Green, JOE/Yellow/HEX/Cy3 
and ROX/Orange/TexasRed fluorescent 
channels. The results were interpreted by the 

software of Real Time PCR instrument by the 
crossing (or not crossing) of the fluorescence 
curve with the threshold line. The sensitivity of 
detection with this method is approaching 100 
copies/reaction in respiratory specimens 
according to manufacturer. 
 
Statistical analysis 
Data were analyzed using SPSS version 22.0 
(Chicago, IL, USA). Descriptive statistic mean ± 
S.D. and frequency were calculated, 
Comparisons of demographic and clinical data 
between groups were made using Chi-square 
(χ2) test for categorical variables and student t-
test for mean differences. A P value <0.05 was 
taken as threshold of statistical significance. 
 
Results 
Patients and sample inclusion 
This study included 100 infants and young 
children with LRTI. The age range of study 
population was (1 to 60) months. Sixty percent 
of the them were male while female 
represented 40%. Most children (82%) were 
mature; however, 24% of them needed an 
intensive care unit for sometimes. Over half 
(58%) did not have breastfeeding compared 
with only 22% having bottle feeding and 20% 
with mixed feeding. In addition, 70% were 
exposed to smokers. Fifty-two of children were 
found to live in severely crowded conditions. 
Approximately two-third of children were 
present with pneumonia with or without 
bronchitis. The majority of children (82%) had a 
hospital stay for less than 3 days, and about half 
of them had a medical history especially 
jaundice (14%) and pneumonia (6%) as shown in 
table (1). 
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Table 1. Perinatal and clinical characteristics of 100 infant and young children included in this 
study 

 

Variables No. (%) 

Age groups (months) 
 

1-6  60 (60%) 
7-12  26 (26%) 

13-60  14 (14%) 

Gender 
Female 40 (40%) 
Male 60 (60%) 

Exposure to smoking  
Exposed 70 (70%) 

Not exposed 30 (30%) 

Crowding index 
Severely crowded 52 (52%) 

Crowded 26 (26%) 
Not crowded 22 (22%) 

Gestational age 
Premature 18 (18%) 

Mature 82 (82%) 

History of Neonatal ICU 
Yes 24 (24%) 
No 76 (76%) 

Breastfeeding 
Yes 22 (22%) 
No 58 (58%) 
Mix 20 (20%) 

No. days prior to admission 
≤ 3 days 47 (47%) 

4-14 days 45 (45%) 
˃ 14 days 8 (8%) 

Diagnosis  

Pneumonia 62 (62%) 
 Bronchitis  24 (24%) 

 Bronchiolitis 10 (10%) 
Asthma 4 (4%) 

Length of hospital stay 
1-3 days 82 (82%) 
˃ 3 days 18 (18%) 

Medical history 

None 52 (52%) 
Pneumonia 6 (6%) 

Seizure 2 (2%) 
Sepsis 4 (4%) 

Cardiac septal defect 2 (2%) 
Meningitis 2 (2%) 

Cough 2 (2%) 
Cystitis 2 (2%) 
Hernia 8 (8%) 

Jaundice 14 (14%) 
Mixed 6 (6%) 

 
 

Viral infection and co-infection 
In total 100 patients, 71 (71%) were found to 
have a viral infection either single or mixed.  
Primarily, the study targeted five viruses; 

however, only four were detected. These were 
hBov, hPiv, hAdv and hRv which represented 
6%, 10%, 12% and 58%, respectively (Figure 1). 
On the other hand, none of the samples gave 
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positive results for hCov. All mixed infections 
were found to be a combination of two viruses 
one of them hRv. Eight of these (8%) with hPiv, 

6(6%) with hAdv, and 2 (2%) with hBov (Figure 
2). 

 
 

 
 

Figure 1. The prevalence of respiratory viruses during the studied period 
 
 

 
 

Figure 2. The prevalence of co-infection during the studied period 
 
 

Demographic and clinical characteristics 
Overall, 71 children were found to have viral 
(one or two) infection versus 29 children 
without such infection (may have other viruses 
or other microoganisms). Each of age of the 
child, gender, crowding status, gestational age, 
diagnosis at presenting and hospital stay did not 
have a significant association with viral 
infection. On the other hand, five characteristics 

associated in some way significantly with the 
viral infection as shown in table (2).  
More than 80% of viral-infected children were 
reported to be exposed for smoking versus 
44.8% of virus-free children (P<0.001). In 
contrast, viral-infected children showed 
significantly less proportion for need for 
intensive care unit (ICU) than virus-free children 
(15.5% vs. 79.31%, P<0.001). Breastfeeding was 
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found to have significant adverse association 
with viral infection, since a high proportion of 
virus-free children (41.38%) had breast feeding 
(P=0.004).  
About one-third of viral-infected children had 
had a medical history involving a disease other 
than respiratory infection such as jaundice and 
sepsis compared with only 10.34% in virus-free 

children (P=0.003). Finally, viral-infected 
children were reported to have longer period of 
illness before hospital admission (6.32±5.49 
days) than virus-free children (3.38±2.37 days) 
(P=0.02). Also, viral-infected children were 
more likely to stay an extra day in the hospital 
(3 vs. 2 days, 0.082), although it not reached 
statistical significance (Table 2). 

 
 

Table 2. Association of demographic and clinical characteristic with general viral infection 
 

Variables 
Viral detected 

71 
No Virus detected 

29 
P-value 

Age per months (mean±SD) 9.49±8.86 14.34±12.2 0.411 

Gender, No. (%) 
 Male 

 Female 

 
44(61.97%) 

27(38%) 

 
16(%) 
13(%) 

 
0.53 

Exposure to smoking, No. (%) 
  No 
  Yes 

 
14 (19.72%) 
57 (80.28%) 

 
16 (55.17%) 
13 (44.83%) 

 
<0.001 

Crowding, No. (%)  
 Not crowded 

 Crowded 

 
13 (18.31%) 
58 (81.69%) 

 
9 (31%) 

20 (69%) 

 
0.173 

 Gestational age, No. (%) 
  Mature 

  Premature 

 
57 (80.28%) 
14 (19.72%) 

 
25 (86.2%) 
4 (13.79%) 

 
0.457 

History of neonatal ICU, No. (%) 
 No 
 Yes 

 
60 (84.5%) 
11 (15.5%) 

 
6 (20.69%) 

23 (79.31%) 

 
<0.001 

Breastfeeding, No. (%) 
 No 
 Yes 

 Mixed 

 
45 (63.38%) 
10 (14.08%) 
16 (22.54%) 

 
13 (44.83%) 
12 (41.38%) 
4 (13.79%) 

 
0.089 
0.004 
0.308 

Diagnosis, No. (%) 
 Pneumonia 

 Bronchitis and bronchiolitis 
 Wheezing and asthma 

 
45(63.38%) 
31(43.66%) 
12(16.9%) 

 
17(58.62%) 
11(37.93%) 
6(20.69%) 

 
0.657 
0.597 
0.658 

Medical history, No. (%) 
 No 

 Respiratory infection 
 Others 

 
37 (52.11%) 

7 (9.86%) 
27 (30.03%) 

 
25 (86.21%) 

1 (3.45%) 
3 (10.34%) 

 
0.001 
0.248 
0.003 

No. days prior to admission 
(mean±SD) 

6.32±5.49 3.38±2.37 0.020 

Hospital stay per days (mean±SD) 3.37±2.73 2.35±2.09 0.082 
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Discussion 
In this study, Multiplex RT-PCR allows detection 
of five viruses at the same time. However, some 
respiratory viruses were escaped the detection 
because they not included within the ARVI 
Screen Real-TM kit. The current study showed 
that the frequency of hBoV, hPiv, hAdv, hRv and 
hCov were 6%, 10%, 12%, 58% and 0%, 
respectively. This result in consistent with other 
studies reported that the prevalence of human 
bocavirus infection in children aged three years 
and younger is (2.3-5.7%), which suggests that 
hBoV is an uncommon cause of respiratory 
illness (16-18). 
Previous study found that a high rate of hBov co-
infections with other viral respiratory 
pathogens, such as hRv and hAdv. Co-infections 
have been found in up to 83% of respiratory 
samples (5). In this study, only 2 out of 6 hBov-
infected children were co-infected with hRv, so 
it is difficult to confirm the role of hBov as a sole 
etiological agent due to a small sample size. Jula 
et al. in 2013 suggested that other respiratory 
viruses might reactivate hBov from latency, as 
has been seen with several other DNA viruses, 
or that they alter the intranasopharyngeal 
environment and release persisting hBov (19). In 
contrast, Moesker et al. in 2015 found that 
(14%) of cases with severe ARI admitted to ICU 
showed single hBov-infected which provides 
strong support that hBov can cause severe ARI 
in children in the absence of other viral or 
bacterial co-infections (1). In addition, some 
studies indicated that a single recent hBoV 
infection is associated with a higher viral load 
than in combination with other viruses (1,20-22). 
A study done in Mexico showed that (81.6%) of 
young children were positive for viral infected, 
which support current study in the total 
percentage of viral infection but slightly differ in 
the percentage of each virus such as hBov was 
found in (0.4%), hPiv in (5.5%), hAdv in (2.2%) 
and hRv in (16.6%) (23). Another study conducted 
in Korea for detection of 11 respiratory viruses 
showed that viral infection was identified in 
(60.6%) of patients, which hPiv-3 was detected 
in (6.2%) while hPiv-1 and hCov-NL63 in (1.6%) 
(24). This difference in prevalence of specific virus 
infection may be due to the difference in the 
time period for sample collection, size of 

samples, diverse geographical climate, activity 
of the virus pandemic in the community, testing 
techniques used and the viral pattern studied 
(25). 
Human Adv infections in current study were 
comparable to that documented in Jordan 
(11.5%) of hospitalized children less than two 
years of age and within the range (0.8-27.3%) 
reported in other countries (26). In addition, 
Miller et al. in 2009 detected hRv in (33%) of 
hospitalized children with respiratory 
symptoms and/or fever (10), while Kaplan et al. 
(2008) identified hRv only in (11%) of 
hospitalized young children in Jordan (27). The 
viruses most frequently co-detected with hRv in 
ARI samples were hAdv, hPiv, and respiratory 
syncytial virus (RSV), (12.6%, 7.2% and 5.3%, 
respectively) (5). Current study showed that 6 
out of 12 Adv-infected children were co-
infected with hRv. It was reported that the 
presence of hRv increases the risk for disease 
severity in acute bronchiolitis by approximately 
5-fold (28).  
Our data showed a significant difference in 
clinical characteristics between viral-infected 
and viral-free children in regards to exposure to 
smoking in households (80.28% vs. 44.83%, 
respectively) (P<0.001) (Table 2). It was 
hypothesized that cigarette smoke exposure 
increases epithelial susceptibility to some viral 
infection by increasing the abundance of their 
receptor (29). Cigarette smoke is a major risk 
factor increasing the morbidity and mortality 
rates of viral infection and activating latent 
infection (26). In addition, a significant difference 
between viral-infected and viral-free children 
with respect to breastfeeding was found. 
Breastfeeding showed to have a protective 
effect; children who were breastfed for less 
than one month had 7 times less risk for being 
hospitalized for acute bronchiolitis in the first 
three months of life (30). The sensitized T cells or 
antigen on macrophages in colostrums or milk 
may transfer to infants and stimulation immune 
response. Also, breast milk suppresses IgE 
response which may be important in the 
pathogenesis of bronchiolitis (31). 
Viral-infected children were found to have less 
history of requirement to intensive care unit 
admission and mechanical ventilation and 
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longer period of illness before hospital 
admission. This could explain by the fact that 
some patients with prior hospitalization seeking 
medical assistance earlier in their illness or, 
more probably, to the decision to refer patients 
to hospital being influenced by a history of 
hospitalization, another factors such: 
underlying medical condition, home 
environment and maternal care can play a role 
(32). 
In conclusion, this study has demonstrated the 
frequency of five respiratory viruses throughout 
four winter months therefore we may have 
underestimated the true frequency of some 
detected viruses due to seasonal variations. 
Further study with larger sample size and out 
spreads over multiple seasons is required to 
understand the epidemiology of respiratory 
viruses. This study might encourage viruses 
consideration in respiratory infection diagnosis 
in children to avoid inappropriate antibiotic 
therapies. 
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Abstract 
 
Background Circumventricular organs (CVOs) are specialized structures border the brain ventricles and lack the 

blood-brain barrier. These CVOs are lined by specialized ependymal cells (ECs) called tanycyte. The 
sulcus medianus organum (SMO) locates at the floor of the 4th ventricle at the rostral part of the 
sulcus medianus (SM). 

Objective To explore the expression of the monocarboxylate transporter 1 and monocarboxylate transporter 
4 (MCT1 & MCT4) in the tanycytes of the median eminence (ME) and tanycyte-like cells of the SMO 
to add a functional evidence for describing the SMO as another CVOs and to start a roadmap for 
the citing the SMO specifically as a sensory or a secretory CVO. 

Methods Ten adult male rats (Rattus norvegicus albinus), aged 3-6 months with 300±50 g, were used to 
study the histological characteristics of ECs in ME and SMO with Hematoxylin & Eosin and to 
explore the immunohistochemical expression of MCT1 & MCT4 in ME and SMO. 

Results The ependymal cells were arranged in in 2-3 layers in the depth of SMO region and single layer in 
the ME region as seen with H&E stains. Immunohistochemical expression of MCT1 & MCT4 using 
Aperioscope image analysis in tanycytes of the ME is higher than that in tanycyte-like cells of the 
SMO with significant differences between the two regions as proved by t-test.   

Conclusion the SMO has different structural and functional properties compared to ME suggesting that the 
SMO may be a sensory CVO. 

Keywords Circumventricular organs, tanycytes, sulcus medianus organum, median eminence 

Citation Jawad HF, Al-Kaabi MA, Al-Salihi AR. Immunohistochemical expression of monocarboxylate 
transporter 1&4 in tanycyte–like cells of the sulcus medianus organum. Iraqi JMS. 2019; 17(1): 
83-99. doi: 10.22578/IJMS.17.1.12 

 
List of abbreviations: AP = Area postrema, BBB = Blood-brain 
barrier, CSF = Cerebrospinal fluid, CVOs = Circumventricular organs, ECs 
= Ependymal cells, MCTs = Monocarboxylate transporters, ME = 
Median eminence, NH = Neurohypophysis, OVLT = Organum 
vasculosum of the lamina terminalis, PBS = Phosphate buffer saline, 
SCO = Subcommissural organ, SEM = Scanning electron microscope, 
SFO = Subfornical organ, SM = Sulcus medianus, SMO = Sulcus 
medianus organum, TEM = Transmission electron microscope  
 

Introduction  
ircumventricular organs (CVOs) are 
specialized structures in the brain that 
lack the blood-brain barrier (BBB) and 

border the ventricular cavities (1). The basic 
vascular, ependymal and neural association of 
these structures contrasts that found in other 
cerebral tissue (2). 
There are seven CVOs are situated in different 
locations in the rat brain: subfronical organ 
(SFO), organum vasculosum of lamina 
terminalis (OVLT), pineal gland (Pi), 
subcommissural organ (SCO), median 
eminence (ME), neurohypohysis (NH) and area C 
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postrema (AP); all found in the wall of the 3rd 
ventricle except AP locates in the wall of the 4th 
ventricle (2). The CVOs differ from other 
structures of the brain because they are highly 
vascularized and have unusual vascular 
arrangement and several capillary loops extend 
to the surface of ventricle (3). 
Johnson and gross (4) divided CVOs into two 
groups sensory (SFO, OVLT and AP) and 
secretory (NH, ME and Pi). Sensory CVOs have 
the capacity to detect plasma molecules and 
afterward pass that information to different 
locations of the brain (1). Secretory CVOs secret 
hormones and glycoproteins into peripheral 
vascular system using feedback from brain 
environment and external stimuli (5). The BBB is 
absent in all CVOs with exception SCO of CVO, 
lack the BBB allows direct exchange of 
substance between the blood and nervous 
tissue of these organs (6).  
Ventricular surface of CVOs formed by 
specialized ependymal cells (ECs) are different 
in appearance from cuboidal ECs covering 
other ventricular surfaces covering other 
ventricular surfaces. CVOs ECs can be 
elongated or columnar and they are non-
ciliated or have few cilia on their luminal 
surface (7). ECs of CVOs have tight junctions 
between them in contrast other ventricular ECs 
(8). 
Sulcus medianus organum (SMO) first 
described as CVO in the region of median 
sulcus of 4th ventricle by Collins (9) in the rabbit 
brain. The SMOs located at rostral part of the 
Sulcus medianus where the epithelium is 
pseudo stratified and has long projections that 
terminate near blood vessel. Microvilli covers 
the apical surface of these cells; just a few cilial 
bunches are seen. Pinocytotic vesicles are 
between these microvilli when examined under 
transmission electron microscope (TEM). 
However, the structural and functional 
characterization of the SMO is still under study.  
Tanycytes are specific type of ECs situated in 
the lower part of the ventricular walls and the 
floor of the 3rd ventricle and have an elongated 
morphology and are not ciliated (10). The name 

tanycyte is derived from the Greek word 
"tanus" which means "elongated" (12). 
In human cellular differentiation of tanycytes 
begins in day 19 of embryonic development 
while that of rat begins in day 18 (13). Here 
tanycyte are produced in the last two days of 
pregnancy and the first few days postnatally 
(14). 
Tanycytes that are located close to the 
dorsomedial and ventromedial hypothalamic 
nuclei are called alpha-1 and alpha-2 while 
tanycytes which are near the arcuate nuclei 
and median eminence are called beta-1 and 
beta-2 tanycytes (15). Beta-1 and beta-2 
tanycytes are located in the ventral part of the 
3rd ventricle while alpha-1 and alpha-2 
tanycytes are present dorsal to beta-tanycytes 
(16). 
Monocarboxylate transporters (MCTs) are a 
group of transporters responsible on diffusion 
of monocarboxylates like ketone bodies, 
lactate and pyruvate (17). 
According to sequence homologies, MCTs 
classify into 14 members recognized as MCT-9, 
MCT11-14 and T-type amino-acid transporter-
1(TAT1) (18). These monocarboxylates have 
main roles in metabolism of carbohydrates, fat, 
and amino acid where MCTs transport them 
across plasma membrane of cells (19).  
There are other members of MCTs belonging to 
solute carrier family SLC5 that play important 
role in transportation of monocarboxylates 
across endothelium of the gut and kidney (20). 
MCT1-4 transport more and less common 
endogenous monocarboxylates (pyruvate, 
lactate, and ketone bodies are more common) 
and (acetate, propionate and butrate are less 
common) (21). 
Monocarboxylate transporter 1 (MCT1) first 
demonstration was in transportation of L-
lactate and pyruvate to red blood cells in 
human (22). MCT1 is detected in the cerebral 
cortex, hippocampus and cerebellum of young 
and adult rats from day 15 of post-natal life 
especially in parenchymal cells (23). MCT1 is 
found in the cell body, processes and plasma 
membrane of astrocytes (24). MCT1 also present 
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in the endothelial cells of blood vessels and ECs 
that line the ventricles of the brain (25). 
The MCT1 was identified in alpha-tanycytes 
particularly on ventricular cell membrane and 
on end feet processes reaching blood vessels 
endothelium. Similarly, the apical membranes 
of beta-1 tanycytes and astrocytes show high 
levels of MCT1 (26). Ketone bodies and lactate 
require MCT1 to enter the cells of muscle (27). 
Monocarboxylate transporter 4 (MCT4) is wide 
spread particularly in tissues that depend on 
glycolysis like white fibers of skeletal muscle, 
white blood cells, and astrocytes (28). MCT4 is 
responsible for lactic acid transportation from 
the fibers of glycolytic muscle (29). The MCT4 
has low affinity to the substrates and inhibitors 
in contrast MCT1 (30).  
This pilot study aims to quantify the 
immunohistochemical expression of MCT1 and 
MCT4 in tanycyte-like cells of the SMO in 
comparison to their expression in the ME in 
order to add functional evidence for describing 
the SMO as another CVO and to start roadmap 
for citing the SMO specifically as a sensory or a 
secretory CVO. 
 
Methods 
Animals and tissue preparation 
A sample of 10 adult male rats (Rattus 
norvigicus albinus) where chosen from the 
Animal House of Biotechnology Research 
Center, Al-Nahrain University during the 
academic year 2017-2018 on basis of being 
apparently healthy and active. The animals 
aged 3-6 months with 300±50 g body weight. 
They feed with standard pellet diet. 
Animals were euthanized with chloroform-
soaked cotton in an air tight chamber for 5 
minutes. Then, skull dissection was done to 
deliver the brain into 4% paraformaldehyde 
(the fixative prepared by 4gm 
paraformaldehyde powder , 5 ml concentrate 
PBS (pH=7.2), distilled water (95 ml) for 18 
hours in preparation for dissection into two 
parts under dissecting microscope one part 
contained the ME and the other part included 
the cerebellum, 4th ventricle and SMO. 

Standard processing procedures were 
performed with Analar® materials and 5 µm 
thickness section were cut from the regions of 
the SMO and ME with a Richert-Jung® Biocut 
microtome. 
 
Hematoxylin and Eosin (H.&E.) staining 
According to Suvarna et al. (31) Harries modified 
hematoxylin (Riedel- de Hean®) and Eosin-Y 
(Fisher Scientific®) were prepared. 
 
Immunohistochemical staining 
Antigen Retrieval 
After dewaxing and rehydration, the slides 
were put in glass jar filled with antigen retrieval 
solution (sodium citrate buffer) that was 
prepared according to Shi et al. (32) as follows: 
Tri-sodium citrate (USA Fisher scientific®) 
 2.94 gm 
Distilled water                                              
 1000 ml 
They were mixed well using a magnetic stirrer 
(Fisher scientific®) then 0.5 ml of tween 20 was 
added. Sodium citrate solution pH was 
adjusted to 6 by adding few drops of 1N HCL. 
The slides were heated in an autoclave (120 °C 
1.2 Bar) for 3 minutes and then left to cool 
down for 20 minutes. The slides were then 
washed with PBS before immunohistochemical 
staining.  
 
Immunohistochemical procedure 
Biorbyte® staining kit and primary antibodies 
(Anti-MCT1, Anti-MCT4) were used in 
immunohistochemical staining of tissue 
sections. Immunohistochemical staining 
procedure steps were (hydrogen peroxide, 
blocking reagent, apply primary anti-bodies 
(Anti-MCT1 and Anti-MCT4) were incubated for 
2 hours, antibody amplifier, HRP polymer, DAB 
and finally slides were stained with counter 
stain (hematoxylin) and mounted using water 
soluble mounting medium (Dako®). 
 
Controls 
Negative internal controls were prepared from 
ME and SMO sections while positive internal 
controls were prepared from ME sections. 
External negative and positive controls were 
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prepared by kidney sections. Negative controls 
were prepared by the same 
immunohistochemical procedure except that 
replacing the primary antibody with PBS. 
Positive controls were prepared by the same 
immunohistochemical procedure of primary 
antibodies (Ani-MCT1 and Anti-MCT4). 
 
Sections Examination 
Sections stained with H&E and those labeled 
immunohistochemical were examined using 
light microscope (Richert Chung®) under the 
powers 40X, 100X, and 400X. 
 
Analysis with Aperio ImageScope Software 
Images of immunohistochemical labeling were 
analyzed with aperio ImageScope software 
(version 12.3). This program assigned four 
different colors (red, orange, yellow and blue) 
one for each reaction intensity or "positivity". 
Red color = strong positive, orange color = 
positive, yellow color = weak positive and blue 
color = negative or no reaction. 
 
Ethical Statement  
All applicable international, national and 
institutional guidelines for the care and use of 
animals were followed. All procedures 
performed in studies involving animals were in 
accordance with the ethical standards of 
institution or practice at which the studies 
were conducted. 
 
Results 
General Morphology with H & E staining 
Sulcus Medianus Organum (SMO) 
The SMO was marked as a region in the rostral 
part of the 4th ventricle floor delineated by a 
median longitudinal cleft. The SMO was lined 
by cuboidal or low columnar multilayer ECs 
(figures 1-2). 
 
Median Eminence 
The ME region was located in the ventral part 
of the 3rd ventricle. Ependymal cells (tanycytes) 
lined the walls and floor of the 3rd ventricle. 
These ECs appeared a single layer and cuboidal 
in shape (Figures 3-4). 

 
 
Immunohistochemical Labeling 
Anti-MCT1 and Anti-MCT4 in SMO 
Labeling with anti-MCT1 and anti-MCT4 in the 
floor of the 4th ventricle was seen at the SMO 
region. The immunohistochemical reaction of 
MCT1 and MCT4 labeling appeared brown in 
color under light microscope (Figures 5-6). 
 
Anti-MCT1 and Anti-MCT4 in ME 
The specialized ECs or tanycytes of the ME 
region at the 3rd ventricle showed dark brown 
color labeling with anti-MCT1 and anti-MCT4 
markers along its specialized ECs lining or its 
tanycyte-like cells when examined under light 
microscope (Figures 7-8). 
 
Internal Negative Control of the SMO and ME 
Sections from the SMO and ME regions 
prepared as internal negative control for the 
immunohistochemical labeling showed no 
brown color at ECs layer (Figure 9). 
External Positive and Negative controls 
Kidney sections were used as external positive 
and negative controls for MCT1 and MCT4 
markers (Figures 10-11). 
 
Aperio ImageScope Software analaysis 
Immunohistochemical reactions images 
analyzed with Aperio Image scope software in 
the SMO and ME regions for MCT1 and MCT4 
markers labeling (Figure 12). 
 
Statistical Analysis  
Statistical analysis of MCT1 labeling positive 
pixel algorithm showed higher mean value in 
the ME (0.441023) than in the SMO (0.226748) 
and t-Test revealed a significant difference 
between two regions (p<0.05) (Table 1). 
Statistical analysis of MCT4 labeling positive 
pixel algorithm showed higher mean value in 
the ME (0.237688) than in the SMO (0.168917) 
and t-test revealed a significant difference 
between two regions (p<0.05) (Table2). 
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Figure 1. (A) Coronal section through the 4th ventricle. SMO region is seen at the floor of the 4th 
ventricle (inset). Tela choridae is seen in the roof of the 4th ventricle. (B) SMO region at the floor 

of 4th ventricle lined by cuboidal or low columnar multilayer ECs. H & E stain. (A) 40X (B) 200X 
 
 

 
 

Figure 2. SMO region at the floor of 4th ventricle lined by multilayer ECs cuboidal or low 
columnar in shape (block arrows). H & E stain. 400X 
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Figure 3. ME region is located at the floor of the 3rd ventricle and lined by specialized ECs called 
tanycytes (black arrows). H & E stain. 100X. ARH: arcuate hypothalamic nucleus. ME: median 

eminence 
 

 
 

Figure 4. The floor of the 3rd ventricle is formed by ME region which is lined by non-ciliated and 
cuboidal specialized ECs (tanycytes). H & E stain. (400X) 
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Figure 5. (A) SMO region is lined by multilayer of specialized ECs or tanycyte-like cells labeled 
with MCT1 marker and counterstained with hematoxylin (arrow heads) (100x). (B) Higher 

magnification of the inset highlighting MCT1 labeling as brown color along ECs (arrows). (A) 
100X (B) 400X 
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Figure 6. (A) Specialized ECs or tanycyte-like cells of the SMO region labeled with MCT4 marker 

and counter stained with hematoxylin (arrow heads). (B) Higher magnification if the inset 
emphasizing MCT4 labeling as brown color along ECs (arrows). (A) 100X (B) 400X 
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Figure 7. (A) ME region is lined by specialized ECs or tanycyte labeled with MCT1 marker and 
counterstained with hematoxylin (arrow heads) (B) Higher magnification of the inset 
highlighting MCT1 labeling as dark brown color along ECs (arrows). (A) 100X (B) 400X 
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Figure 8. (A) Coronal section showing the 3rd ventricle of the brain and ME region lined by 
specialized ECs or tanycyte labeled with MCT4 marker and counterstained with hematoxylin 
(arrow heads) (B) Higher magnification if the inset emphasizing MCT4 labeling as dark brown 

color along ECs (arrows). (A) 100X (B) 400X 
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Figure 9. Internal negative control of the A-SMO B-ME regions for MCT1 and MCT4 labeling, no 
brown color is seen along the ECs of both regions (black arrows). Counter stain (hamatoxylin). 

400X 
 
 
 

 
 

Figure 10. Sections of rat kidney labeled with (A) anti- MCT1 (B) anti-MCT4 antibodies as a 
positive control where the brown color marks the presence of label 
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Figure 11. Section of rat kidney as an external negative control for MCT1 and MCT4 labeling, no 
brown color is seen at renal tubules. Nuclei appear blue in color since they stain with 

hematoxylin as a counterstain. 400X 
 
 

Discussion 
General Morphology with H & E stain  
Sulcus Medianus Organum (SMO) 
Rare studies have been done to describe the 
ECs of the SMO region using H&E stains under 
light microscope. SMO region with H&E 
staining appears as median longitudinal cleft in 
the floor of the 4th ventricle lined by single 
layer of ECs while in its deepest part it is lined 
by more than one layer of ECs (33).  
In this study  we  reported  that the SMO 
region was located in the rostral part of the of 
the median sulcus region at the floor of the 4th 
ventricle and when we stained with H&E we 
noted that SMO region lined by multilayer of 
ECs at the deepest part low columnar or 
cuboidal in shape (Figures 1-2).  
 
 
 

Median Eminence (ME) 
The ME forms the lower part of the brain 
extending caudal to the optic chiasm up to the 
hypophyseal stalk (35). The ventricular surface 
of ME is formed by a single layer of ECs (33). 
Horstmann (11) first used the word "tanycyte" 
when he described the ECs lining the 
infundibular recess of the 3rd ventricle because 
of their shape. These ECs have bipolar 
elongated shape with proximal pole near to the 
ventricular surface and distal pole close to the 
portal vessels. 
Peroxidase-antiperoxidase methods revealed 
the labeling of tanycytes by Tanycyte-like the 
tanycytes (36). Tanycytes in the CVOs were 
investigated by examining vemintin positive 
ECs lining the walls of the ventricles (37). Al-
Kaabi et al. (33) observed that vimentin-labeled 
ECs of the 3rd ventricle have basal processes 
extending toward the deeper capillaries. 
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Figure 12. Immunohistochemical reaction images analyzed by AperioImageScope software and 
area of selections (arrows) are processed for signal intensity. (A) SMO labeled with MCT1 marker 
(B) SMO labeled with MCT4 marker (C) ME labeled with MCT4 marker (D) ME labeled with MCT1 

marker 
 
                                              
In this study the ME sections were stained with 
H&E stains and examined under light 
microscope to show the ECs (tanycytes) lining 
the walls and the floor of the 3rd ventricle. 
These ECs appeared cuboidal in shape and they 
had processes seen as fine fibers extending to 
the surrounding parenchyma (Figures 3-4). 
Later studies classified tanycytes into four 
groups Bata-1 and Beta-2 occupy the floor and 
the ventral part of the 3rd ventricle while 
alpha-1 and alpha-2 tanycytes locate dorsal to 
beta tanycytes (16). 
 
 

Immunohistochemical labeling of MCT1 and 
MCT4 
Monocarboxylate transportes (MCTs) are other 
important plasma membrane transporters that 
catalyze the proton-linked transport of 
monocarboxylate such as lactate, and pyruvate 
which have role in the cell metabolism (40). 
MCTs have been demonstrated in various 
tissues including brain tissues (19). 
Monocarboxylates provide a divergent source 
of energy for the brain (41). Jackson et al. (42) 
reported by northern blot analysis the 
expression on MCT1 mRNA in the rat brain and 
Gerhart et al. (25) confirmed this expression of 
MCT1. Price et al. (43) explored the MCT4 

A B 

C D 
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expression in the rat during a search of the EST 
database for novel members of the MCT 
family. MCT4 expression was in skeletal muscle 
fibers, astrocytes, ECs of the brain, 
chondrocytes and white blood cells. 
Merezhinskaya and Fishbein (41) noted that 
MCT1 located in the blood vessels of the brain 
regulates both influx and efflux of lactate cross 
blood-brain barrier. Cortés-Campos et al. (26) 
demonstrated that tanycytes express MCT1 
and MCT4 and both involved in influx and 
efflux of lactate, and also revealed that MCT1 
express on the apical membrane and and 
cellular processes of the tanycytes while the 
MCT4 in the apical membrane. Takano et al. (44) 

revealed that the ECs, endothelial cells and the 
astrocytes express both MCT1 and lower 
MCT4. Chiry et al. (45) clearly demonstrated 
MCT1 in astrocytes and their end feet adjoining 
capillary while the restricted expression of 
MCT4 in astrocytes in certain brain regions are 
shown. Gerhart et al. (25) revealed during QT-
PCR analysis that MCT1 is more highly 
expressed than the MCT4 in the hypothalamic 
tanycytes during detection these transporters 
in these cells. In this study, we revealed the 
expression of the MCT1 and MCT4 in the 
tanycytes of the ME (ordinary secretory CVO) 
and tanycytes-like cells of the SMO. We found 
that the expression of MCT1 and MCT4 in the 
ME higher than in the SMO. Also, we revealed 
that the expression of MCT1 is more expression 
than MCT4 in the tanycytes of the ME (same 
result previous studies) and also, we found that 
the MCT1 expression of tanycytes-like cells of 
the SMO is higher thanMCT4 expression. There 
have been no previous studies on the 
expression of MCT1 and MCT4 in SMO region 
and this study considers the first study to talk 
about this subject. 
 
Functional consideration of tanycytes 
Tanycytes of the ME form a barrier between 
the CSF and ME neuropil (46). In addition, 
tanycytes of the ME in the adult brain have 
capacity to serve as neuronal progenitors (47). 
The most probable function of tanycytes is the 
transportation of substances from the CSF to 
their terminals (48). 

Tanycytes appear to regulate GnRH release 
into the portal blood, in this manner regulating 
release of LH and FSH from pituitary gland (49). 
Tanycytes of the ME have an ability of 
absorbing substances in the CSF and transport 
them through their basal processes to the 
perivascular space (50). Tanycytes have surface 
projections that bulge into the 3rd ventricle; 
there are variations in the number and size of 
such bulges under different endocrine states. 
These observations have led many authors to 
suggest them as a proof of a tanycytes 
secretory activity (12). For example, tanycytes 
are stimulated by estrogen to secrete 
transforming growth factor-α (TGF-α) and 
prostaglandin (PG) which in turn stimulate 
GnRH discharge (49). Immunoreactive 5a-
reducctase enzyme is secreted from tanycytes 
that plays a role in the conversion of 
progesterone to dihydroprogesterone and 
testosterone to dihydroteserone (51). MCT1 and 
MCT4 transport the monocarboxylates that are 
essential in the production of energy in the 
brain especially lactate (52). The MCT1 is 
available in tanycytes that line the floor and 
walls of the 3rd ventricle (26). The MCT1 is 
present in the apical membrane of tanycytes 
and, in addition to MCT4, is expressed in the 
hypothalamus. These transporters are useful in 
releasing the lactate from glucose in tanycytes 
(53). However, MCT1 had higher expression than 
MCT4 in the hypothalamic tanycytes during 
detection of these transporters using Q-RT-PCR 
analysis (25). 
The immune histochemical labeling of MCT1 
and MCT4 markers in this study confirmed the 
expression of these markers in tanycytes of the 
ME and tanycyte-like cells of the SMO albeit at 
different levels in favor of the ME. On the other 
hand, both regions showed higher levels of 
MCT1 expression in comparison to that of 
MCT4 with statistical significance which may 
reflect differences in roles played by these 
transporters in the traffic of substances 
through tanycytes and tanycyte-like cells. This 
difference in marker expression may reflect 
certain properties of two regions as CVOs with 
specific functions for each one. 
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Is the SMO a sensory CVO? 
It is known that MCT1 and MCT4 are 
responsible for transportation of 
monocarboxylates (lactate and pyruvate) that 
are important in the production of energy by 
cells (53). In this study, the histochemical 
expression levels of MCT1 and MCT4 both in 
the ECs of the ME at the floor of the 3rd 
ventricle and in the ECs of the SMO at the floor 
of the 4th ventricle were found to be higher in 
the ME compared to those in the SMO. Such 
high levels of these transporters in tanycytes of 
the ME region indicated that these cells are 
more active and need more energy to perform 
their functions. The ME is described as a 
secretory CVO since its tanycytes have 
secretory activities and contain different types 
of enzymes as noted by Flament-Durand and 
Brion (12) where the processes of synthesis and 
action of such enzymes require excess amounts 
of energy (54). 
Cells that have a secretory function are 
characterized by well-developed Golgi 
apparatus, rough endoplasmic reticulum, and 
numerous mitochondria (55). Tanycytes of the 
ME contain numerous cisternae of rough 
endoplsmic reticulum found in the apical 
surfaces and cell bodies. There are also well-
developed Golgi complexes with numerous 
elongated cisternae in addition to several 
mitochondria (41). The ECs of the SCO are 
considered as secretory cells which secrete 
high amounts of glycoproteins. These ECs 
contain well-developed rough endoplasmic 
reticulum with several cisternae that are 
dilated and filled with filamentous material. 
Numerous cisternae of Golgi complexes are 
found with large numbers of mitochondria (16). 
AP, SFO and OVLT are sensory CVO have the 
same features of Golgi apparatus, endoplasmic 
reticulum and mitochondria (moderate number 
of mitochondria, rare endoplasmic reticulum 
and some Golgi apparatus (56,57). Similarly, ECs 
of SMO contain Golgi apparatus in the 
perinuclear region, a number of mitochondria 
on the apical surfaces and basal processes, and 
strand-shape short-lengthed rough 
endoplasmic reticulum (9). In such context, the 
features of Golgi apparatus, endoplasmic 
reticulum and mitochondria of the SMO 

resemble those in the ECs and tanycytes of the 
sensory CVOs rather than the secretory CVOs. 
Therefore, the histochemical findings in this 
study regarding the level of expression of the 
functional markers MCT1 and MCT4 may 
support a previous suggestion made by Collins 
(9) that ECs or tanycyte-like cells of  the SMO act 
as a chemosensor receiving and modulating the 
information which are carried in the CSF to the 
important brainstem nuclei located deep to it, 
and bridging a gap between the AP and the 
more rostrally located CVOs, thus putting 
forward the hypothesis that the SMO is a 
another sensory CVOs in the floor of the 4th 
ventricle. 
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 المجلة العراقية للعلوم الطبية
 

 

 المشرف العام
 

 انيس خليل نايلاألستاذ الدكتور 
 

 

 تحريرالهيئة رئيس 
  حيدر صباح كاظماألستاذ الدكتور 

 

 سكرتير التحرير 
  ماجد حميد احمدالمدرس الدكتور 

 

 التنفيذيةتحرير الئة هي
 

 ازهار عبد الفتاح ابراهيم ةاألستاذ الدكتور
 علي محمد الكريم عبد األستاذ الدكتور

 األمير عبد صاحب أحمد األستاذ الدكتور

 قاسم جمعة بان ةاألستاذ الدكتور
 نور علي مصطفى ةاألستاذ الدكتور

 األمير عبد جواد أثير األستاذ المساعد الدكتورة
 حيدر حمادي عبد االمير مساعد الدكتوراذ الاألست

 عبد الحسنبشار عباس  األستاذ المساعد الدكتور

 علي فاروق حسين األستاذ المساعد الدكتور

 عبد الكريم حميد عبد األستاذ المساعد الدكتور

 زينب حسن هاشم األستاذ المساعد الدكتورة

 رافد بشير هاشم األستاذ المساعد الدكتور
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