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Abstract
Background: Working children are susceptible to infection with various infectious microorganisms. Unfortunately, the difficulties
of working children are growing at a remarkable speed worldwide.
Objectives: The aim of this research was to determine the prevalence of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection,
as well as to evaluate the level of anemia, calcium, and phosphorus in working children.
Methods: This cross-sectional research was performed on 370 Iranian and Afghan working children from February 2018 to May
2019. Hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), hepatitis B core antibody (HBcAb), and anti-HCV Ab
were evaluated using an enzyme-linked immunosorbent assay (ELISA). Furthermore, HCV-RNA and genomic HBV-DNA in the plasma
and peripheral blood mononuclear cell (PBMC) specimens of the participants were investigated. The restriction fragment length
polymorphism (RFLP) method was used to determine the genotype of HCV, and sequencing was performed to confirm.
Results: The mean age of the participants was 10.1 ± 2.1 years (range, 6 - 15 years), and 229 (61.9%) were male. None of the studied
children had any detectable HBV-DNA in the plasma and PBMC. The HCV genome was not detected in the plasma of the children,
but HCV-RNA was assessed in the PBMC sample of 1 child (0.3%). Therefore, one of the children had occult HCV infection (OCI). The
genotype of HCV in this child was subtype 1a. Furthermore, HBsAb was detected in Iranian (41.5%) and Afghan children (40.0%), and
2 (0.54%) of the working children were HBsAg positive. In 3 participants (0.8%), a positive HBcAb test result was noted.
Conclusions: The prevalence of HCV and HBV infection in working children in Iran is extremely rare. However, there is a possibility
of the presence of OCI in these children.
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1. Background
Like other countries in the world, working children
live in Iran. The risky position of these children, including
dysfunctional family, misery, and high accession of felony
between family members and parents, cause social problems, such as rape and drug addiction in these high-risk
populations (1). Working children live and grow without
help, love, shelter, education, health, and medical facilities. These children live with severe deprivation and are exposed to a variety of physical and mental illnesses. One of
the most important threats to working children is the high

rate of sexual abuse, and as a result of these high-risk sexual relationships, the possibility of sexually transmitted infections (STIs) increases in this vulnerable group (2).
Because these children live in low-income families,
they are forced to work on the streets and in unsuitable
places as a source of income for families (3). The accurate
number of working children is inaccessible, but approximately tens of millions of working children have been reported worldwide (4). In Iran, based on previous findings,
it is estimated that there are about 20 000 to 2 000 000
working children (5). Working children face health prob-
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lems (6), including anemia, malnutrition, infectious diseases (such as viral infections), and skin and gastrointestinal diseases (7). These children are more vulnerable to
various infectious diseases, such as human papillomavirus
(HPV), human immunodeficiency virus (HIV), viral hepatitis, and so on. Infection with these viruses threatens this
group of children worldwide (8). Notwithstanding, a high
rate of mortality and morbidity in working children has
been shown to be due to numerous factors, such as inappropriate therapies, lack of facilities for access to medical care, nutritional deficiency, and lack of protection (9).
On the other hand, the adversities of working children
are growing at a considerable speed around the world (9).
Anemia is a treatable disease that can cause mental health
problems in these children (10). One of the essential elements for the growth of the body is calcium. With low
levels of these essential elements, the health and development of children’s bodies are exposed to serious damage
(11).
Various reasons have led to an increase in the number
of working children around the world. The interaction between the community and working children is important
(12). Parental disruption, including death, family breakdown, and divorce, has often resulted in poverty. As a result, these children become vulnerable (13).
In occult hepatitis B virus (HBV) infection (OBI), the genomic DNA of this virus is detectable in the blood or liver
tissues. However, hepatitis B surface antigen (HBsAg) is not
detectable in the serum or plasma (14). In occult hepatitis C virus (HCV) infection (OCI), HCV-RNA is detectable in
peripheral blood mononuclear cells (PBMCs) and liver tissues in the infected patients. However, HCV-RNA is not detectable in the serum and is negative (15). The aim of this
survey was to evaluate the prevalence of HCV, HBV, OCI, and
OBI, as well as to determine the status of anemia and the
level of calcium and phosphorus in working children in
the first school years (Sobh-e Rooyesh School, Tehran, Iran).
It is noteworthy that Iranian and Afghan working children
attend Sobh-e Rooyesh School.

3. Methods
3.1. Study Population
A total of 370 consecutive Iranian and Afghan working children aged 6 - 15 years were enrolled in this crosssectional survey from February 2018 to May 2019. All children attend the same school (Sobh-e Rooyesh School in
Tehran, Iran). The current research was approved by the
Ethics Committee of Iran University of Medical Sciences,
Tehran, Iran, in accordance with the Helsinki Declaration
(code: IR.IUMS.FMD.REC.1398.541). After explaining the
2

study procedure, informed consent was obtained from all
the children’s parents or guardians.
3.2. Sample Collection
Blood samples, 6 mL, were taken from all children
and transferred to a sterile tube containing anticoagulant
EDTA. Plasma was separated using a centrifuge and frozen
at -80°C until the extraction of viral RNA and DNA and
serological assays. PBMC specimens were separated by Ficoll Hypaque density gradient centrifugation (Lympholyte
HTM; Cedarlane, Hornby, Canada) and were washed 3 times
with phosphate-buffered saline (PBS; pH 7.2 - 7.4). Then,
they were resuspended in 200 µL of RNA preservative solution (RNAlater Ambion, Inc, Austin, TX, USA) and kept at
-80°C for viral RNA and DNA extraction.
PBMC and plasma specimens from 5-HCV– and 5HBV–infected individuals were used as positive controls. In
addition, PBMC and plasma samples of 5 healthy individuals were used as a negative control of HCV and HBV infections.
3.3. Serologic Tests Using Enzyme-linked Immunosorbent Assays
HBV serological markers, including HBsAg, hepatitis
B surface antibody (HBsAb), hepatitis B core antibody
(HBcAb), and anti-HCV Abs, were analyzed using commercial enzyme-linked immunosorbent assay (ELISA) kits
(DIA.PRO, Milano, Italy) according to the manufacturer’s
protocol.
3.4. DNA/RNA Isolation
To detect the genomic HBV-DNA and HCV-RNA in the
specimens of the children, viral DNA and RNA were extracted from the plasma and PBMC samples using a commercial kit (High Pure Viral Nucleic Acid [Roche Diagnostics GmbH, Mannheim, Germany]) according to the manufacturer’s instruction. Subsequently, the quantity and
quality of the extracted RNA and DNA were tested using the
NanoDrop spectrophotometer instrument (Thermo Fisher
Scientific, Wilmington, USA).
3.5. Detection of HCV-RNA and HBV-DNA Using Real-Time Polymerase Chain Reaction
The genomic HCV-RNA and HBV-DNA were detected in
plasma and PBMC specimens of the children by real-time
polymerase chain reaction (PCR) (16, 17); also, as an internal
control of these tests, the human β -globin gene was used
as previously described in detail (18).
Arch Pediatr Infect Dis. In Press(In Press):e118763.
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3.6. HCV Genotyping by Restriction Fragment Length Polymorphism and Sequencing
To confirm HCV infection and determine the genotype
of the virus in a child who was positive for HCV infection
in PBMCs, after the synthesis of cDNA, the 5’-untranslated
(5’-UTR) region of this virus was amplified (19) by nested reverse transcriptase–PCR (RT-PCR); then, the HCV genotype
was identified using the restriction fragment length polymorphism (RFLP) method (19). To confirm HCV genotyping
with the RFLP method, the nonstructural protein 5B (NS5B)
region of HCV was amplified using nested RT-PCR as previously described in detail (20). The PCR product (629 base
pairs [bp]) of the second run of amplification was purified by a GenUP PCR/Gel Cleanup Kit (biotechrabbit GmbH,
Berlin, Germany) according to the manufacturer’s protocol; then, it was sequenced bi-directionally using an ABI
3730 XL sequencer with the dye termination method. The
nucleotide sequence of the NS5B region of HCV reported in
the current study was submitted to the GenBank database
with accession number MZ540985.
The sequences obtained from this research were
aligned with the HCV reference sequences based on NS5B
sequences (with various genotypes) that were retrieved
from the GenBank database by the Crustal W method. The
neighbor-joining method was performed for the construction of the phylogenetic tree. MEGA version 7.0 was used
to draw the phylogenetic tree (Figure 1), and the statistical
significance of the tree was assessed by the bootstrap
method (1000 replicates).
3.7. Statistical Analysis
The statistical analysis was performed using SPSS version 16 (SPSS Inc, Chicago, Ill, USA). For the determination
of the quantitative variables’ normality, the KolmogorovSmirnov test was used. A continuous variable analysis was
conducted using the Kruskal-Wallis and 1-way analysis of
variance (ANOVA) tests. Chi-square and Fisher exact tests
were used to evaluate the statistical differences between
the 2 groups when appropriate. P-values less than 0.05
were considered statistically significant.

4. Results
A total of 370 working children (anti-HIV Ab/Ag negative) were included in the present cross-sectional survey
from February 2018 to May 2019. The mean age of the participants was 10.1 ± 2.1 years (range, 6 - 15 years). Of the
370 subjects evaluated, 229 (61.9%) were male. All demographic and laboratory information of the studied children are summarized in Tables 1 and 2.
Arch Pediatr Infect Dis. In Press(In Press):e118763.

Among 370 participants, the population of Iranian and
Afghan nationalities was 65 (17.6%) and 305 (82.4%), respectively. Regarding Iranian nationality, 45 (19.7%) were male,
and 20 (14.2%) were female. Regarding Afghan nationality,
184 (80.3%) were male, and 121 (85.8%) were female (Table 2).
All of the children with a negative anti-HIV Ab/Ag test
were evaluated for HCV and HBV infection. Detection of
HCV-RNA in plasma and PBMC was conducted. Similarly,
these assessments were performed to detect HBV-DNA in
plasma and PBMC samples. None of the studied subjects
had any detectable genomic DNA of HBV in plasma and
PBMC samples. Therefore, the studied children were negative for HBV and OBI. In addition, none of these studied
children had any detectable HCV-RNA in plasma. However,
one (0.3%) of these studied children had detectable HCVRNA in the PBMC sample. Thus, one of the children had OCI
(Tables 1 and 3). The genotype of HCV detected in this child
was subtype 1a.
In both Iranian and Afghan populations, the results of
HCV Ab detection were negative. It is also noteworthy that
2 (0.54%) of the working children in this study were HBsAg
positive; further, HBsAb was detected in Iranian (41.5%) and
Afghan children (40.0%). Out of 149 (40.3%) children with
positive HBsAb, 80 (53.7%) were male, and 69 (46.3%) were
female. Further, positive HBcAb test results were observed
in 3 (0.8%) participants. Out of 3 positive HBcAb participants, 2 (0.9%) and 1 (0.7%) were male and female, respectively. All information related to molecular and serological tests is summarized in Figure 2. All demographic and
laboratory data of the working children with OCI, HBsAg,
HBcAb, and so on are shown in Table 3.
In this research, no statistically significant association
was found between gender and HBcAb, while a significant
association was observed between gender and HBsAb (P =
0.005; Fisher exact test). In addition, no statistically significant association was found between gender and iron,
calcium, phosphorus, and urea, while a significant association was observed between gender hemoglobin, creatinine, and uric acid (P < 0.001; Mann-Whitney U test), fasting blood sugar (P = 0.006; t-test), cholesterol (P < 0.001;
t-test), and triglyceride (P = 0.023, Mann-Whitney U test).
Furthermore, no significant association was observed
between nationality and HBsAb/HBcAb. In addition, no
statistically significant association was found between nationality, calcium, and cholesterol. However, a significant association was observed between nationality and
hemoglobin (P < 0.001; Mann-Whitney U test), iron (P =
0.015; t-test), phosphorus (P = 0.006, t-test), fasting blood
sugar (P = 0.039; t-test), creatinine and uric acid (P < 0.001;
Mann-Whitney U test), and triglyceride (P = 0.039; MannWhitney U test).
In addition, a significant association was observed be3
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Figure 1. The phylogenetic tree conducted based on the sequences of a conserved region of the nonstructural protein 5B gene of the hepatitis C virus obtained from the
peripheral blood mononuclear cell sample of 1 working child with occult hepatitis C virus infection, as well as those corresponding to various hepatitis C virus reference
sequences retrieved from the GenBank database. The bootstrap values equal to or greater than 70 obtained after 1000 replicates are illustrated in the nodes of the tree.
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Table 1. All Demographic and Laboratory Data of the Studied Children a
Parameters

Male

Female

Total

229 (61.9)

141 (38.1)

370 (100)

P-Value

Demographic parameters
No. of patients

Iranian

45 (19.7)

20 (14.2)

65 (17.6)

Afghan

184 (80.3)

121 (85.8)

305 (82.4)

10.4 ± 2.2 (7 - 15)

9.5 ± 1.7 (6 - 13)

10.1 ± 2.1 (6 - 15)

Age (y)

0.114 b

Nationality

< 0.001 c ,d

Laboratory data
HCV Ab

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

-

HCV RNA in plasma

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

-

HCV RNA in PBMC1

1 (0.4)

0.0 (0.0)

1 (0.3)

0.619 b

HBsAg

2 (0.9)

0.0 (0.0)

2 (0.5)

0.382 b

HBsAb

80 (34.9)

69 (48.9)

149 (40.3)

0.005 b ,c
0.675 b

2 (0.9)

1 (0.7)

3 (0.8)

HBV DNA in plasma

HBcAb

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

-

HBV DNA in PBMC3

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

-

6800 ± 1607 (3700 - 11000)

6300 ± 1436 (4200 - 10000)

6600 ± 1564 (3700 - 11000)

0.002 c ,d

13.2 ± 0.9 (11 - 15)

12.4 ± 1.1 (9.8 - 14)

12.9 ± 1.1 (9.8 - 15)

< 0.001 c ,d

< 11.5 g/dL

12.0 (5.2)

34.0 (24.1)

46 (12.4)

≥ 11.6 g/dL

217.0 (94.8)

107.0 (75.9)

324 (87.6)

Iron (mg/dL)

73.8 ± 22.6 (32 - 120)

74.7 ± 20.6 (18 - 118)

74.1 ± 21.8 (18 - 120)

0.735 e

Calcium (mg/dL)

10.1 ± 0.6 (7.4 - 10.8)

10.2 ± 0.2 (9.6 - 10.6)

10.1 ± 0.5 (7.4 - 10.8)

0.815 d

11.0 (4.8)

0.0 (0.0)

11 (3.0)

White blood cells
Hemoglobin (g/dL)

< 0.001 b ,c

Hemoglobin categorized

0.008 b ,c

Calcium categorized
< 8.8 mg/dL

218.0 (95.2)

141.0 (100)

359 (97.0)

Phosphorus (mg/dL)

≥ 8.9 mg/dL

4.8 ± 0.5 (3.6 - 5.9)

4.9 ± 0.5 (3.3 - 5.8)

4.9 ± 0.5 (3.3 - 5.9)

0.114 e

Fasting blood sugar (mg/dL)

84.7 ± 9.3 (65 - 115)

87.3 ± 8.2 (68 - 107)

85.7 ± 9.0 (65 - 115)

0.006 c ,e

Urea (mg/dL)

22.6 ± 4.7 (13 - 35)

22.1 ± 5.9 (13 - 38)

22.4 ± 5.2 (13 - 38)

0.150 d

0.6 ± 0.08 (0.5 - 0.9)

0.5 ± 0.05 (0.5 - 0.7)

0.6 ± 0.09 (0.5 - 0.9)

< 0.001 c ,d

3.8 ± 1.1 (1.9 - 6.6)

3.2 ± 0.63 (1.9 - 4.6)

3.6 ± 0.99 (1.9 - 6.6)

< 0.001 c ,d

Cholesterol (mg/dL)

149 ± 25.7 (104 - 216)

162 ± 20.9 (112 - 207)

154.1 ± 24.8 (104 - 216)

< 0.001 c ,e

Triglyceride (mg/dL)

86.3± 43.5 (25 - 210)

77.8 ± 41.0 (29 - 191)

83.0 ± 42.5 (25 - 210)

0.023 c ,d

First

35 (15.3)

22 (15.6)

57 (15.4)

Second

45 (19.7)

45 (31.9)

90 (24.3)

Third

36 (15.7)

33 (23.4)

69 (18.6)

Fourth

35 (15.3)

17 (12.1)

52 (14.1)

Fifth

48 (21.0)

11 (7.8)

59 (15.9)

Sixth

30 (13.1)

13 (9.2)

43 (11.6)

Creatinine (mg/dL)
Uric acid (mg/dL)

0.002 c ,f

Level of education, grade

Abbreviation: PBMCs, peripheral blood mononuclear cells
a
All the continuous data were represented by the mean ± SD (for normally distributed data) or by the median and interquartile (for non-normally distributed data).
Categorical data were presented by the No. (%).
b
Fisher exact test
c
Statistically significant
d
Mann - Whitney U test
e
t-test
f
Chi-square
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Table 2. All Demographic and Laboratory Data of the Studied Iranian and Afghan Children a
Parameters

Iranian Children

Afghan Children

Total

P-Value

65 (17.6)

305 (82.4)

370 (100)

-

45 (69.2)

184 (60.3)

229 (61.9)

Demographic parameters
No. of patients

0.114 b

Sex
Male
Female
Age (y)

20 (30.8)

121 (39.7)

141 (38.1)

9.1 ± 2.0 (6 - 13)

10.3 ± 2.1 (6 - 15)

10.1 ± 2.1 (6 - 15)

< 0.001 c ,d

Laboratory data
HCV Ab

0 (0.0)

0 (0.0)

0 (0.0)

-

HCV RNA in plasma

0 (0.0)

0 (0.0)

0 (0.0)

-

HCV RNA in PBMC1

0 (0.0)

1 (0.3)

1 (0.3)

0.824 b

HBsAg

0 (0.0)

2 (0.7)

2 (0.5)

0.321 b

HBsAb

27 (41.5)

122 (40.0)

149 (40.3)

0.462 b

HBcAb

1 (1.5)

2 (0.7)

3 (0.8)

0.441 b
-

HBV DNA in plasma

0 (0.0)

0 (0.0)

0 (0.0)

HBV DNA in PBMC3

0 (0.0)

0 (0.0)

0 (0.0)

-

6756 ± 1796 (3700 - 10000)

6603 ± 1512 (4200 - 11000)

6600 ± 1564 (3700 - 11000)

0.002 c ,d

13.0 ± 1.0 (11 - 14.7)

12.9 ± 1.1 (9.8 - 15)

12.9 ± 1.1 (9.8 - 15)

< 0.001 c ,d

White blood cells
Hemoglobin (g/dL)

1.000 b

Hemoglobin categorized
< 11.5 g/dL

57 (87.7)

38 (12.5)

46 (12.4)

≥ 11.6 g/dL

8 (12.3)

267 (87.5)

324 (87.6)

Iron (mg/dL)
Calcium (mg/dL)

80.1 ± 22.1 (32 - 111)

72.9 ± 21.6 (18 - 120)

74.1 ± 21.8 (18 - 120)

74.1 ± 21.8 (18 - 120)

10.1 ± 0.6 (8.8 - 10.8)

10.1 ± 0.5 (7.4 - 10.6)

10.1 ± 0.5 (7.4 - 10.8)

10.1 ± 0.5 (7.4 - 10.8)
0.005 b ,c

Calcium categorized
< 8.8 mg/dL

6 (9.2)

5 (1.6)

11 (3.0)

≥ 8.9 mg/dL

59 (90.8)

300 (98.4)

359 (97.0)

Phosphorus (mg/dL)

4.9 ± 0.3 (4.5 - 5.5)

4.6 ± 0.6 (3.3 - 5.9)

4.9 ± 0.5 (3.3 - 5.9)

0.006 c ,e

Fasting blood sugar (mg/dL)

83.6 ± 8.6 (68 - 104)

86.1 ± 9.0 (65 - 115)

85.7 ± 9.0 (65 - 115)

0.039 c ,e

19.8 ± 5.0 (13 - 29)

23.0 ± 5.1 (15 - 38)

22.4 ± 5.2 (13 - 38)

0.150 d

0.59 ± 0.09 (0.5 - 0.9)

0.6 ± 0.09 (0.5 - 0.9)

0.6 ± 0.09 (0.5 - 0.9)

< 0.001 c ,d

Urea (mg/dL)
Creatinine (mg/dL)

3.7 ± 0.5 (2.9 - 4.6)

3.6 ± 1.1 (1.9 - 6.6)

3.6 ± 0.99 (1.9 - 6.6)

< 0.001 c ,d

Cholesterol (mg/dL)

159.3 ± 27.8 (112 - 198)

153.0± 24.2 (104 - 216)

154.1 ± 24.8 (104 - 216)

0.091 e

Triglyceride (mg/dL)

76.1± 33.7 (25 - 171)

84.5 ± 44.2 (29 - 216)

83.0 ± 42.5 (25 - 210)

0.023 c ,d

Uric acid (mg/dL)

0.004 c ,f

Level of education, grade
First

20 (30.8)

37 (12.1)

57 (15.4)

Second

11 (16.9)

79 (25.9)

90 (24.3)

Third

14 (21.5)

55 (18.2)

69 (18.6)

Fourth

9 (13.8)

43 (14.1)

52 (14.1)

Fifth

6 (9.2)

53 (17.4)

59 (15.9)

Sixth

5 (7.7)

38 (12.5)

43 (11.6)

Abbreviation: PBMCs, peripheral blood mononuclear cells
a
All the continuous data were represented by the mean ± SD (for normally distributed data) or by the median and interquartile (for non-normally distributed data).
Categorical data were presented by the No. (%).
b
Fisher exact test
c
Statistically significant
d
Mann - Whitney U test
e
t-test
f
Chi-square
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All Working Children
n = 370

Female

Male

n = 141

n = 229

Iranian children

Afghan children

Iranian children

n = 20

n = 121

Afghan children

n = 45

n = 184

HCV Ab (+) n = 0
HCV-RNA in Plasma (+) n = 0
HCV-RNA in PBMCs (+) n = 0
HBsAg (+) n = 0
HBsAb (+) n = 59
HBcAb (+) n = 1
HBV-DNA in Plasma (+) n = 0
HBV-DNA in PBMCs (+) n = 0

HCV Ab (+) n = 0
HCV-RNA in Plasma (+) n = 0
HCV-RNA in PBMCs (+) n = 0
HBsAg (+) n = 0
HBsAb (+) n = 10
HBcAb (+) n = 0
HCV-DNA in Plasma (+) n = 0
HCV-DNA in PBMCs (+) n = 0

HCV Ab (+) n = 0
HCV-RNA in Plasma (+) n = 0
HCV-RNA in PBMCs (+) n = 1
HBsAg (+) n = 2
HBsAb (+) n = 63
HBcAb (+) n = 1
HBV-DNA in Plasma (+) n = 0
HBV-DNA in PBMCs (+) n = 0

HCV Ab (+) n = 0
HCV-RNA in Plasma (+) n = 0
HCV-RNA in PBMCs (+) n = 0
HBsAg (+) n = 0
HBsAb (+) n = 17
HBcAb (+) n = 1
HBV-DNA in Plasma (+) n = 0
HBV-DNA in PBMCs (+) n = 0

HCV-RNA in PBMCs (+)
n=1
Occult HCV infection
(HCV genotype 1a)
Figure 2. All results about the molecular virology and serological assessment for hepatitis B virus and hepatitis C virus infection in all studied working children.

Table 3. All Demographic and Laboratory Data of the Studied Working Children
No.

Age/Gender Nationality

ALT
(IU/L)

AST
(IU/L)

HCVAb

HCVRNA in
Plasma

HCVGen in
Plasma

HCVRNA in
PBMCs

HCVgen in
PBMCs

HBs-Ag

HBsAb

HBcAb

HBeAg

HBeAb

HBVDNA in
Plasma

HBVDNA in
PBMCs

Comments

113

12/M

Afghan

19

20

-

-

-

-

-

+

+

+

-

-

-

-

-

122

11/F

Afghan

17

18

-

-

-

-

-

-

+

+

-

-

-

-

-

166

10/M

Afghan

23

25

-

-

-

-

-

+

-

-

-

-

-

-

-

177

12/M

Iranian

15

14

-

-

-

-

-

-

-

+

-

-

-

-

Isolated
HBcAb

283

15/M

Afghan

27

30

-

-

-

+

1a

-

-

-

-

-

-

-

OCI

Abbreviations: M, Male; F, Female; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; gen, Genotype; PBMCs, peripheral blood mononuclear cells; OCI, occult HCV infection

tween gender and education (P = 0.002; chi-square test).
Moreover, a significant association was observed between
nationality and education (P = 0.004; chi-square test). In
this survey, a significant association was found between
gender and categorized hemoglobin (P < 0.001; Fisher exact test) and categorized calcium (P = 0.008; Fisher exact
test), as well as between nationality and categorized calcium (P = 0.005; Fisher exact test).

5. Discussion
There is little evidence on the prevalence of HBV and
HCV infections in working children in Iran. According to
Arch Pediatr Infect Dis. In Press(In Press):e118763.

our knowledge, this is the first research to evaluate the
prevalence of OBI and OCI among this group of people.
Therefore, the purpose of the current research was to detect the epidemiology of OBI, OCI, and HCV/HBV coinfection among working children. The present study was conducted on Iranian and Afghan nationalities. None of the
studied participants had any detectable genomic HBV-DNA
in plasma and PBMC specimens. Thus, studied children
were negative for active HBV and OBI. Furthermore, none
of the working children had any detectable HCV-RNA in
plasma. It is noteworthy that one (0.3%) of these studied
children had detectable HCV-RNA in the PBMC specimen.
Therefore, one of the Afghan children had OCI, and he was
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infected with HCV genotype 1a.
Negative test results were reported for HCV Abs in both
Iranian and Afghan populations. In addition, 2 Afghan children were positive for HBsAg. Therefore, the percentage
of HBV infection in these children was 0.54%. Generally,
positive anti-HBs (HBsAb) test results were detected in 149
(40.3%) participants. Of 149 (40.3%) children with positive
HBsAb, 80 (34.9%) were male. In addition, positive HBcAb
test results were detected in 3 participants. Out of 3 (0.8%)
positive HBcAb participants, 2 (0.9%) and 1 (0.7%) participants were male and female, respectively. Thus, it appears
that 0.8% of children may have been exposed to the hepatitis virus infection during their lifetime.
It is necessary to mention that among children, the
normal range of white blood cell counts (WBCs) is 5000
to 10 000 per microliter of blood. Totally, the range of
WBCs in the studied participants was between 3700 and
11000 cells. Low WBC count in these children leads to infection susceptibility (21). Iron deficiency and anemia are
one of the major public health issues worldwide, particularly in developing countries (22). Totally, the range of
hemoglobin and iron in the studied children was 9.8 - 15
gm/dL and 18 - 120 µmol/L, respectively. In this survey, a significant association was found between gender and categorized hemoglobin and calcium. The hemoglobin level
was classified as below and above 11.5, and it was observed
that the hemoglobin level was much lower in women than
in men; it seems that women suffer from anemia (23). Due
to anemia, it seems that these children should be treated
for anemia. In addition, the calcium level was classified as
below and above 8.8 (4), and it was observed that calcium
levels were lower in men than in women; men seem to suffer from relative calcium deficiency than women.
Moreover, for both nationalities, serum calcium, phosphorus, fasting blood sugar, urea, creatinine, uric acid,
cholesterol, and triglyceride were measured. Generally, after following these children, serum calcium level was 7.4 10.8 mg/dL. Therefore, approximately, a normal value was
detected for these participants. Phosphorus is one of the
essential minerals in the body required for teeth and bone
health. In addition, it is also a critical element in muscle
contraction and nerve signaling. Normal range of phosphorus in children is 4.0 - 7.0 mg/dL (24). In the present
study, totally, the range of phosphorus was found to be 3.3
- 5.9 mg/dL.
Generally, HCV and HBV infections lead to chronic liver
disease. According to the latest data, over 250 million
individuals live with HBV infection; also, more than 70
million people live with HCV infection (25, 26). Various
studies have been conducted on HBV and HCV infections
worldwide. In Nanoro, HBsAg (0.8%) was reported in children (27). In Taiwan, out of 1510 preschool children, the
8

prevalence of children infected with HBV was 15.9%, HBsAgpositive cases were 7.8%, and positive–anti-HBs (HBsAb)
cases were 8.1% of the studied population (28). In Nigeria, a rate of 10% was reported for HBsAg-positive preschool
children (29). In China, the OBI-positive rate was 3.1%
(10/327), and the HBV-DNA rate was 14.1% (46/327) among
HBV-vaccinated children with HBV-infected parents (30).
In Japan, OBI (1.3%) was reported among immunized children with HBV carrier mothers (31). In Kuala Lumpur, antiHCV (0.6%) was reported in children (32). In Vancouver,
Canada, among street youth, the rate of HCV seropositivity was 10.6% (33). In the Afghan population, the rate of
HBV and HCV infections was 1.9% and 1.1%, respectively (34).
In Iran, HBV-DNA (21/75; 28%) was reported among immunized children with HBV-infected mothers (35), and also,
among working children and street children, the rate of
HBV and HCV infections was 1.7% and 2.6%, respectively (5).
In another study from Iran, among street children, the
prevalence of HCV, HBsAg, and HBsAb was 0.0%, 3%, and 15%,
respectively (36), and it is also reported that among working children, negative results for HCV infection were reported. However, the rate of HBsAg was 0.59% (8). In Iran,
among street children, HBsAg positive, HBsAb, HBcAb, and
HCV-Ab were reported to be 3%, 26.6%, 8%, and 3.5%, respectively (37). However, the findings of the current research do
not support the previous research (30, 31). The results are
consistent with previous studies for HCV infection; however, they are completely different for HBsAg and HBsAb
(36).
HCV is a hepatotropic virus; it should be noted that
there are lines of evidence for replication and the presence
of this virus in PBMCs (38). Although PBMCs are not the primary site of virus replication, some reports have emphasized the role of these cells as HCV reservoirs (39). Several
studies have shown that the presence of the virus genome
in extrahepatic reservoirs has significant effects on disease
transmission and progression (39, 40). It is noteworthy
that active replication of HCV occurs in the presence of
a negative polarity strand; thus, the presence of a negative sense strand is an indicator of active replication of the
virus. Although hepatocytes are the major site of HCV replication, the negative-strand RNA of the virus is also found in
PBMCs (41); therefore, it can be concluded that HCV multiplies in these cells.
Castillo et al. reported a specific and unusual form of
chronic HCV (OCI) (41). In this infection, the HCV genome
in the liver or PBMC samples was detected in the absence of
antibodies against the virus and the genomic HCV-RNA in
plasma specimens (41). In this study, it was found that one
of the children in this survey had OCI. To our knowledge,
this is the first study to evaluate the prevalence of OCI in
working children (0.3%). Therefore, the results of the curArch Pediatr Infect Dis. In Press(In Press):e118763.
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rent survey cannot be compared with another study. Nevertheless, we can compare the prevalence of this infection
with other groups.
The presence of OCI has been observed in different
populations around the world, for instance, in individuals
with liver disease with unknown etiology in Spain (57.0%)
(41), and in Iran (10.1%) (42), in people with HIV infection
in Iran (9.2%) (43), and in Georgia (10%) (44). This infection has been diagnosed in individuals with high level of
ALT (32%) in Iran (45), in hemodialysis patients in Thailand
(18.2%) (46), and in Germany (0.25%) (47), in people with
lymphoproliferative disorders in Iran (1.9%) (48), in Spain
(13.3%), and in Egypt (20%) (49). Also, this viral infection has
been detected in patients with beta thalassemia major in
Iran (5.7 %) (50), and in another report from Iran (6.7%) (51),
in Egyptian HCV infected patients who achieved sustained
virologic response (SVR) to Sofosbuvir/Daclatasvir therapy
(3.9%) (52). Therefore, the presence of this infection has
been observed in various groups of people. However, it is
important to consider that there are limited reports of the
absence of this infection in different groups of people (53,
54). The current study found that the presence of OCI in
working children is about 0.3%; thus, it seems that the possibility of the presence of this infection in working children should be considered. The genotype of HCV detected
in the child with OCI was subtype 1a, which is the predominant subtype of this viral infection in Iran (20, 43, 55).
A limitation of the present study is that some parents
of the studied children were not interested in their children entering this study; accordingly, they did not enter
the present study. During the blood sampling, some of
them did not cooperate and did not allow blood sampling;
thus, they were not included in the current survey.

5.1. Conclusions
None of the studied children was HCV-RNA-/HBV-DNA
positive synchronously. However, it is noteworthy that OCI
was observed in these children with very low prevalence.
Therefore, it seems that in addition to the routine experiments to detect different infectious diseases in this population, appropriate tests to diagnose OCI are informative
and should be considered.

Acknowledgments
Researchers and authors of this study thank the working children and their families for participation in this investigation.
Arch Pediatr Infect Dis. In Press(In Press):e118763.

Footnotes
Authors’ Contribution: A. M., S. G., and F. BS. designed the
study and were responsible for the overall research management. K. K., R. KE., F. DD., R. B., M. S., H. K., M. E., and A.
F. organized the analysis. A. M., S. G., F. BS., and K. K. prepared the manuscript. All the authors contributed to the
final version of this manuscript.
Conflict of Interests: The authors do not declare any actual or potential conflicts of interest.
Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author during submission or after its publication. The data are not
publicly available due to privacy or ethics.
Ethical Approval: The current research was approved
by the Ethics Committee of Iran University of Medical Sciences, Tehran, Iran, in accordance with the
Helsinki Declaration (code: IR.IUMS.FMD.REC.1398.541).
ethics.research.ac.ir/EthicsProposalView.php?&code=IR.IU
MS.FMD.REC.1398.541
Funding/Support: This research was completely supported by the Research Deputy of Iran University of Medical Sciences, Tehran, Iran (grant number 14412).
Informed Consent: After explaining the study procedure,
informed consent was obtained from all the children’s parents or guardians.

References
1. de Carvalho FT, Neiva-Silva L, Ramos MC, Evans J, Koller SH, Piccinini
CA, et al. Sexual and drug use risk behaviors among children and
youth in street circumstances in Porto Alegre, Brazil. AIDS Behav.
2006;10(4 Suppl):S57–66. doi: 10.1007/s10461-006-9124-4. [PubMed:
16845605].
2. Anarfi JK. Vulnerability to sexually transmitted disease: street children in Accra. Health Transit Rev. 1997;7 Suppl:281–306. [PubMed:
10169651].
3. Vameghi M, Rafiey H, Rashidian A. Systematic review of studies on
street children in Iran in recent decade: poverty, a risk factor for becoming a street child. Soci Welf Q. 2010;9(35):337–78.
4. Vannucci L, Fossi C, Quattrini S, Guasti L, Pampaloni B, Gronchi G,
et al. Calcium Intake in Bone Health: A Focus on Calcium-Rich Mineral Waters. Nutrients. 2018;10(12). doi: 10.3390/nu10121930. [PubMed:
30563174]. [PubMed Central: PMC6316542].
5. Foroughi M, Moayedi-Nia S, Shoghli A, Bayanolhagh S, Sedaghat A,
Mohajeri M, et al. Prevalence of HIV, HBV and HCV among street and
labour children in Tehran, Iran. Sex Transm Infect. 2017;93(6):421–3. doi:
10.1136/sextrans-2016-052557. [PubMed: 27601728].
6. Embleton L, Mwangi A, Vreeman R, Ayuku D, Braitstein P. The epidemiology of substance use among street children in resourceconstrained settings: a systematic review and meta-analysis. Addiction. 2013;108(10):1722–33. doi: 10.1111/add.12252. [PubMed: 23844822].
[PubMed Central: PMC3776018].
7. Lalor KJ. Street children: a comparative perspective. Child Abuse
Negl. 1999;23(8):759–70. doi: 10.1016/s0145-2134(99)00047-2. [PubMed:
10477236].

9

Uncorrected Proof

Marjani A et al.

8. Naemabadi A, Sharafi H, Shirmast P, Karimi-Sari H, Alavian SH, Padami
F, et al. Prevalence of Hepatitis B, Hepatitis C, and HIV Infections in
Working Children of Afghan Immigrants in Two Supporting Centers
in Tehran and Alborz Provinces, Iran. Arch Pediatr Infect Dis. 2019;In
Press(In Press). doi: 10.5812/pedinfect.86118.
9. Thapa K, Ghatane S, Rimal SP. Health problems among the street
children of Dharan municipality. Kathmandu Univ Med J (KUMJ).
2009;7(27):272–9. doi: 10.3126/kumj.v7i3.2737. [PubMed: 20071876].
10. Jauregui-Lobera I. Iron deficiency and cognitive functions. Neuropsychiatr Dis Treat. 2014;10:2087–95. doi: 10.2147/NDT.S72491. [PubMed:
25419131]. [PubMed Central: PMC4235202].
11. Wang H, Shi H, Chang L, Zhang X, Li J, Yang Y, et al. Association
of blood lead with calcium, iron, zinc and hemoglobin in children
aged 0-7 years: a large population-based study. Biol Trace Elem Res.
2012;149(2):143–7. doi: 10.1007/s12011-012-9413-x. [PubMed: 22528781].
12. Logan S, Logan SL. The Black family: Strengths, self-help, and positive
change. New York, USA: Routledge; 2018. doi: 10.4324/9780429494574.
13. le Roux J, Smith CS. Causes and characteristics of the street child
phenomenon: a global perspective. Adolescence. 1998;33(131):683–9.
[PubMed: 9831885].
14. Sosa-Jurado F, Melendez-Mena D, Rosas-Murrieta NH, Guzman-Flores
B, Mendoza-Torres MA, Barcenas-Villalobos R, et al. Effectiveness
of PCR primers for the detection of occult hepatitis B virus infection in Mexican patients. PLoS One. 2018;13(10). e0205356. doi:
10.1371/journal.pone.0205356. [PubMed: 30304056]. [PubMed Central: PMC6179258].
15. Carreno V, Pardo M, Lopez-Alcorocho JM, Rodriguez-Inigo E, Bartolome J, Castillo I. Detection of hepatitis C virus (HCV) RNA in the
liver of healthy, anti-HCV antibody-positive, serum HCV RNA-negative
patients with normal alanine aminotransferase levels. J Infect Dis.
2006;194(1):53–60. doi: 10.1086/504692. [PubMed: 16741882].
16. Zauli DA, Menezes CL, Oliveira CL, Mateo EC, Ferreira AC. In-house
quantitative real-time PCR for the diagnosis of hepatitis B virus
and hepatitis C virus infections. Braz J Microbiol. 2016;47(4):987–92.
doi: 10.1016/j.bjm.2016.07.008. [PubMed: 27637170]. [PubMed Central:
PMC5052370].
17. Garson JA, Grant PR, Ayliffe U, Ferns RB, Tedder RS. Real-time PCR quantitation of hepatitis B virus DNA using automated sample preparation and murine cytomegalovirus internal control. J Virol Methods.
2005;126(1-2):207–13. doi: 10.1016/j.jviromet.2005.03.001. [PubMed:
15847939].
18. Keyvani H, Taghinezhad Saroukalaei S, Mohseni AH. Assessment of the
Human Cytomegalovirus UL97 Gene for Identification of Resistance
to Ganciclovir in Iranian Immunosuppressed Patients. Jundishapur J Microbiol. 2016;9(5). e31733. doi: 10.5812/jjm.31733. [PubMed:
27540455]. [PubMed Central: PMC4978088].
19. Pohjanpelto P, Lappalainen M, Widell A, Asikainen K, Paunio M.
Hepatitis C genotypes in Finland determined by RFLP. Clin Diagn
Virol. 1996;7(1):7–16. doi: 10.1016/s0928-0197(96)00242-5. [PubMed:
9077432].
20. Donyavi T, Bokharaei-Salim F, Khanaliha K, Sheikh M, Bastani MN,
Moradi N, et al. High prevalence of occult hepatitis C virus infection in
injection drug users with HIV infection. Arch Virol. 2019;164(10):2493–
504. doi: 10.1007/s00705-019-04353-3. [PubMed: 31346769].
21. Mayo Clinic. Pediatric white blood cell disorders. Mayo Clinic;
2022. Available from:
https://www.mayoclinic.org/diseases-

conditions/pediatric-white-blood-cell-disorders/symptomscauses/syc-20352674.
22. Janus J, Moerschel SK. Evaluation of anemia in children. Am Fam Physician. 2010;81(12):1462–71. [PubMed: 20540485].
23. Akbarpour E, Paridar Y, Mohammadi Z, Mard A, Danehchin L, Abolnezhadian F, et al. Anemia prevalence, severity, types, and correlates among adult women and men in a multiethnic Iranian population: the Khuzestan Comprehensive Health Study (KCHS). BMC
Public Health. 2022;22(1):168. doi: 10.1186/s12889-022-12512-6. [PubMed:
35073904]. [PubMed Central: PMC8787906].

10

24. Mount Sinai. Phosphorus blood test. Mount Sinai; 2022. Available from:

https://www.mountsinai.org/health-library/tests/phosphorusblood-test.
25. Dehghani-Dehej F, Hosseini Z, Mortazkar P, Khanaliha K, Esghaei
M, Fakhim A, et al. Prevalence of HCV and/or HBV coinfection in
Iranian HIV-infected patients. Future Virology. 2020;15(3):155–63. doi:
10.2217/fvl-2019-0066.
26. Peeling RW, Boeras DI, Marinucci F, Easterbrook P. The future of viral hepatitis testing: innovations in testing technologies and approaches. BMC Infect Dis. 2017;17(Suppl 1):187–96. doi: 10.1186/s12879017-2775-0. [PubMed: 29143676]. [PubMed Central: PMC5688478].
27. Lingani M, Akita T, Ouoba S, Nagashima S, Boua PR, Takahashi K, et
al. The changing epidemiology of hepatitis B and C infections in
Nanoro, rural Burkina Faso: a random sampling survey. BMC Infect
Dis. 2020;20(1):1–14. doi: 10.1186/s12879-019-4731-7. [PubMed: 31941454].
[PubMed Central: PMC6964067].
28. Beasley RP, Hwang LY, Lin CC, Leu ML, Stevens CE, Szmuness W, et
al. Incidence of hepatitis B virus infections in preschool children in
Taiwan. J Infect Dis. 1982;146(2):198–204. doi: 10.1093/infdis/146.2.198.
[PubMed: 7108271].
29. Agbede OO, Iseniyi JO, Kolawole MO, Ojuawo A. Risk factors and seroprevalence of hepatitis B surface antigenemia in mothers and their
preschool age children in Ilorin, Nigeria. Therapy. 2007;4(1):67–72. doi:
10.2217/14750708.4.1.67.
30. Zhuge S, Ge C, Yang Y, Cui Y, Yue X, Zhang Z, et al. The prevalence
of occult HBV infection in immunized children with HBsAg-positive
parents: a hospital-based analysis. Hepatol Int. 2020;14(4):503–12. doi:
10.1007/s12072-020-10055-9. [PubMed: 32472310]. [PubMed Central:
PMC7259741].
31. Yokoyama K, Kumagai H, Takahashi M, Nagashima S, Okamoto H,
Yamagata T. Occult hepatitis B virus infection in immunized children born to carrier mothers. Pediatr Int. 2017;59(9):1010–6. doi:
10.1111/ped.13352. [PubMed: 28658511].
32. Lee WS, Ng KP. Seroprevalence of anti-HCV in an urban child population: a preliminary study from Kuala Lumpur. Singapore Med J.
2001;42(3):100–1. [PubMed: 11405558].
33. Hadland SE, DeBeck K, Kerr T, Feng C, Montaner JS, Wood E. Prescription opioid injection and risk of hepatitis C in relation to traditional drugs of misuse in a prospective cohort of street youth.
BMJ Open. 2014;4(7). e005419. doi: 10.1136/bmjopen-2014-005419.
[PubMed: 25052173]. [PubMed Central: PMC4120401].
34. Khan S, Attaullah S. Share of Afghanistan populace in hepatitis B
and hepatitis C infection’s pool: is it worthwhile? Virol J. 2011;8:1–
7. doi: 10.1186/1743-422X-8-216. [PubMed: 21569317]. [PubMed Central:
PMC3125356].
35. Shahmoradi S, Yahyapour Y, Mahmoodi M, Alavian SM, Fazeli Z, Jazayeri SM. High prevalence of occult hepatitis B virus infection in
children born to HBsAg-positive mothers despite prophylaxis with
hepatitis B vaccination and HBIG. J Hepatol. 2012;57(3):515–21. doi:
10.1016/j.jhep.2012.04.021. [PubMed: 22617152].
36. Vahdani P, Hosseini-Moghaddam SM, Gachkar L, Sharafi K. Prevalence of hepatitis B, hepatitis C, human immunodeficiency virus, and
syphilis among street children residing in southern Tehran, Iran. Arch
Iran Med. 2006;9(2):153–5. [PubMed: 16649359].
37. Fallah F, Karimi A, Eslami G, Tabatabaii S, Goudarzi H, Moradi RRA, et
al. The Homeless youth and their exposure to Hepatitis B and Hepatitis C among in Tehran, Iran. Gene Ther Mol Biol. 2008;12:95–100.
38. Barria MI, Vera-Otarola J, Leon U, Vollrath V, Marsac D, Riquelme A, et
al. Influence of extrahepatic viral infection on the natural history of
hepatitis C. Ann Hepatol. 2008;7(2):136–43. [PubMed: 18626431].
39. Bokharaei Salim F, Keyvani H, Amiri A, Jahanbakhsh Sefidi F, Shakeri R, Zamani F. Distribution of different hepatitis C virus genotypes in patients with hepatitis C virus infection. World J Gastroenterol. 2010;16(16):2005–9. doi: 10.3748/wjg.v16.i16.2005. [PubMed:
20419838]. [PubMed Central: PMC2860078].

Arch Pediatr Infect Dis. In Press(In Press):e118763.

Uncorrected Proof

Marjani A et al.

40. Blackard JT, Smeaton L, Hiasa Y, Horiike N, Onji M, Jamieson DJ, et al.
Detection of hepatitis C virus (HCV) in serum and peripheral-blood
mononuclear cells from HCV-monoinfected and HIV/HCV-coinfected
persons. J Infect Dis. 2005;192(2):258–65. doi: 10.1086/430949.
[PubMed: 15962220].
41. Castillo I, Pardo M, Bartolome J, Ortiz-Movilla N, Rodriguez-Inigo E, de
Lucas S, et al. Occult hepatitis C virus infection in patients in whom
the etiology of persistently abnormal results of liver-function tests is
unknown. J Infect Dis. 2004;189(1):7–14. doi: 10.1086/380202. [PubMed:
14702147].
42. Bokharaei-Salim F, Keyvani H, Monavari SH, Alavian SM, Madjd Z,
Toosi MN, et al. Occult hepatitis C virus infection in Iranian patients
with cryptogenic liver disease. J Med Virol. 2011;83(6):989–95. doi:
10.1002/jmv.22044. [PubMed: 21503911].
43. Bokharaei-Salim F, Keyvani H, Esghaei M, Zare-Karizi S, DermenakiFarahani SS, Hesami-Zadeh K, et al. Prevalence of occult hepatitis C virus infection in the Iranian patients with human immunodeficiency virus infection. J Med Virol. 2016;88(11):1960–6. doi:
10.1002/jmv.24474. [PubMed: 27463051].
44. Gatserelia L, Sharvadze L, Karchava M, Dolmazashvili E, Tsertsvadze T.
Occurrence of occult HCV infection among Hiv infected patients in
Georgia. Georgian Med News. 2014;(226):37–41. [PubMed: 24523330].
45. Makvandi M, Khalafkhany D, Rasti M, Neisi N, Omidvarinia A,
Mirghaed AT, et al. Detection of Hepatitis C virus RNA in peripheral blood mononuclear cells of patients with abnormal alanine
transaminase in Ahvaz. Indian J Med Microbiol. 2014;32(3):251–5. doi:
10.4103/0255-0857.136553. [PubMed: 25008816].
46. Thongsawat S, Maneekarn N, Kuniholm MH, Pantip C, Thungsuputi A,
Lumlertkul D, et al. Occult hepatitis C virus infection during an outbreak in a hemodialysis unit in Thailand. J Med Virol. 2008;80(5):808–
15. doi: 10.1002/jmv.21126. [PubMed: 18360894].
47. Baid-Agrawal S, Berg T. Reply to: "underestimation of occult hepatitis C virus infection in chronic haemodialysis and kidney transplant
patients". J Hepatol. 2014;61(5):1185–6. doi: 10.1016/j.jhep.2014.08.012.
[PubMed: 25135866].

Arch Pediatr Infect Dis. In Press(In Press):e118763.

48. Farahani M, Bokharaei-Salim F, Ghane M, Basi A, Meysami P, Keyvani H. Prevalence of occult hepatitis C virus infection in Iranian patients with lymphoproliferative disorders. J Med Virol. 2013;85(2):235–
40. doi: 10.1002/jmv.23460. [PubMed: 23168913].
49. Youssef SS, Nasr AS, El Zanaty T, El Rawi RS, Mattar MM. Prevalence of occult hepatitis C virus in egyptian patients with chronic
lymphoproliferative disorders. Hepat Res Treat. 2012;2012:429784.
doi: 10.1155/2012/429784. [PubMed: 23304473]. [PubMed Central:
PMC3530786].
50. Bastani MN, Bokharaei-Salim F, Keyvani H, Esghaei M, Monavari
SH, Ebrahimi M, et al. Prevalence of occult hepatitis C virus infection in Iranian patients with beta thalassemia major. Arch Virol. 2016;161(7):1899–906. doi: 10.1007/s00705-016-2862-3. [PubMed:
27132015].
51. Makvandi M, Seyedian SS. Prevalence of Occult Hepatitis C Virus Infection in Beta-Thalassemia Major Patients in Ahvaz, Iran. Research
Square. 2021. doi: 10.21203/rs.3.rs-191652/v1.
52. Mekky MA, Sayed HI, Abdelmalek MO, Saleh MA, Osman OA, Osman
HA, et al. Prevalence and predictors of occult hepatitis C virus infection among Egyptian patients who achieved sustained virologic
response to sofosbuvir/daclatasvir therapy: a multi-center study.
Infect Drug Resist. 2019;12:273–9. doi: 10.2147/IDR.S181638. [PubMed:
30774394]. [PubMed Central: PMC6348965].
53. Pisaturo M, Guastafierro S, Filippini P, Tonziello G, Sica A, Di Martino F,
et al. Absence of occult HCV infection in patients experiencing an immunodepression condition. Infez Med. 2013;21(4):296–301. [PubMed:
24335460].
54. Eslamifar A, Ramezani A, Ehteram H, Razeghi E, Ahmadi F, Amini M, et
al. Occult hepatitis C virus infection in Iranian hemodialysis patients.
J Nephropathol. 2015;4(4):116–20. doi: 10.12860/jnp.2015.22. [PubMed:
26457258]. [PubMed Central: PMC4596295].
55. Jamshidi S, Bokharaei-Salim F, Esghaei M, Bastani MN, Garshasbi S,
Chavoshpour S, et al. Occult HCV and occult HBV coinfection in Iranian human immunodeficiency virus-infected individuals. J Med Virol. 2020;92(12):3354–64. doi: 10.1002/jmv.25808. [PubMed: 32232978].

11

