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Preface to ”Features of Pathogenesis of Human

Viral Infections and Antiviral Drugs”

Among infectious diseases, viral infections are the leading cause of death worldwide, especially

in the most low-income countries, particularly in young children. Most of the human viruses are

all well characterized in terms of structure, life-cycle, tropism, and associated primary pathologies,

but many of the pathogenetic mechanisms underlying their ability to cause acute infection, persist

or reactivate in the host and cause chronic and/or degenerative damage, and still need to be fully

clarified. At the same time, it seems necessary to develop novel therapeutic approaches and rationale,

and possibly more potent antiviral compounds that are addressed to novel targets.
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Abstract: Background and objectives: Warts are the most common lesions caused by human
papillomavirus (HPV). Recent research suggests that oxidative stress and inflammation are involved
in the pathogenesis of HPV-related lesions. It has been shown that the soluble receptor for advanced
glycation end products (sRAGE) may act as a protective factor against the deleterious effects of
inflammation and oxidative stress, two interconnected processes. However, in HPV infection, the role
of sRAGE, constitutively expressed in the skin, has not been investigated in previous studies. Materials
and Methods: In order to analyze the role of sRAGE in warts, we investigated the link between
sRAGE and the inflammatory response on one hand, and the relationship between sRAGE and the
total oxidant/antioxidant status (TOS/TAS) on the other hand, in both patients with palmoplantar
warts (n = 24) and healthy subjects as controls (n = 28). Results: Compared to the control group,
our results showed that patients with warts had lower levels of sRAGE (1036.50 ± 207.60 pg/mL
vs. 1215.32 ± 266.12 pg/mL, p < 0.05), higher serum levels of TOS (3.17 ± 0.27 vs. 2.93 ± 0.22 μmol
H2O2 Eq/L, p < 0.01), lower serum levels of TAS (1.85 ± 0.12 vs. 2.03 ± 0.14 μmol Trolox Eq/L, p < 0.01)
and minor variations of the inflammation parameters (high sensitivity-CRP, interleukin-6, fibrinogen,
and erythrocyte sedimentation rate). Moreover, in patients with warts, sRAGE positively correlated
with TAS (r = 0.43, p < 0.05), negatively correlated with TOS (r = −0.90, p < 0.01), and there was no
significant correlation with inflammation parameters. There were no significant differences regarding
the studied parameters between groups when we stratified the patients according to the number of
the lesions and disease duration. Conclusions: Our results suggest that sRAGE acts as a negative
regulator of oxidative stress and could represent a mediator involved in the development of warts.
However, we consider that the level of sRAGE cannot be used as a biomarker for the severity of warts.
To the best of our knowledge, this is the first study to demonstrate that sRAGE could be involved in
HPV pathogenesis and represent a marker of oxidative stress in patients with warts.

Keywords: sRAGE; oxidative stress; inflammation; warts; HPV
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1. Introduction

Warts are muco-cutaneous lesions caused by human papillomavirus (HPV) [1]. Warts are very
common in the general population, with up to one third of the children being affected; the incidence
decreases with age. Considering that immunity plays an important role in the development of warts,
the incidence increases up to 45% among immunosuppressed individuals [2]. To this date, more
than 200 HPV types have been identified [3]. Warts are commonly associated with HPV 1, 2, 4 and 7.
In immunosuppressed patients, HPV 75, 76 and 77 were identified. Warts manifest as skin-colored
papules with a keratotic surface. Most frequently, the lesions involve the hands and feet, but they can
also appear on extension areas (elbows, knees) [4,5]. Transmission of the infection occurs through
direct contact in the context of skin microlesions or more rarely, indirectly through contaminated
objects [5]. The incubation period ranges from 1 to 20 months; there is no systemic spread of the virus.
HPV infects host cells without integrating viral DNA into their genome [6].

Warts occur when HPV infects the upper layers of the skin or mucous membranes, resulting in
abnormal and rapid cell growth. There are several conditions that contribute to the acquisition of HPV
infection, including incomplete immune system development, CD4+ T-cell dysfunction, other causes of
immunosuppression, and the alteration of the normal epithelial barrier [7–13]. Most often in children,
warts resolve spontaneously, without treatment, but the lesions can be persistent in adults. However,
recurrences are common in both groups [10,11]. There is no clear evidence of the etiopathogenic
mechanisms of HPV infection. Multiple factors contributing to its pathogenesis have been suggested,
such as the lack of efficient protective cell mechanisms against the virus and the accumulation of
toxic compounds which induce oxidative stress and inflammation [14–19]. Oxidative stress and
inflammation are two interconnected processes which produce multiple effects on cell function [20].

The 45 kDa receptor for advanced glycation end products (RAGE) is a member of the
immunoglobulin superfamily, which contains an extracellular region of 320 amino acids (sequence
23–342), a 21-amino acid transmembrane hydrophobic region (sequence 343–363) and a cytoplasmic
region of 41 amino acids (sequence 364–404). The extracellular region is composed of two C-type
domains (C1 consisting of 124–221 amino acid residues and C2 consisting of 227–317 amino acid
residues) and a V-type domain (sequence 23–116 amino acid residues). The V domain confers the
ability to bind various ligands. The V and C1 domains are involved in the stability/specificity of
the receptor-ligand complex. The C2 domain participates in the dimerization/oligomerization of
receptor-ligand complexes. The receptor is anchored to the cell membrane through its transmembrane
domain. The endocellular domain is essential for intracellular signaling [21–23].

Many studies have shown that RAGE has a large number of ligands, such as advanced
glycation end products (AGEs), S100 calgranulin proteins, high motility group box 1 protein, amyloid
fibrils, phosphatidylserine, macrophage-1 antigen, lipopolysaccharide from the outer membrane
of Gram-negative bacteria, peptidoglycan (present in the majority of bacteria), lipoteichoic acid
(a component of many Gram-positive bacteria), bacterial DNA, viral DNA/RNA, yeast cell wall
mannans, degraded extracellular matrix components, and modified fibronectin [15,18,24,25].

RAGE has been found during embryonic development, its expression being reduced in adulthood,
excepting the lung and skin [17]. Other cells, such as monocytes/macrophages, smooth muscle cells,
endothelial cells, fibroblasts, and neuronal cells, do not express physiologically detectable amounts, but
receptor expression may be induced during cell stress in various instances including the accumulation
of the ligands of RAGE, or when the transcriptional factors which modulate the expression of RAGE
are activated [26,27]. Soluble RAGE (sRAGE) acts as a decoy for RAGE ligands, preventing their
interactions with membrane RAGE (mRAGE) through a competitive mechanism, and consequently,
sRAGE disrupts the generation of oxidative stress and inflammation [14]. Increased amounts of RAGE
ligands induce the overexpression of sRAGE [27].

To the best of our knowledge, the role of sRAGE in the onset and progression of warts has
not been previously investigated. To analyze the possible molecular mechanisms involved in the
development of cutaneous warts, we hypothesized that sRAGE acts as an endogenous factor able to
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maintain/restore the cutaneous homeostasis. We have analyzed the interaction between circulating
sRAGE and inflammatory response on the one hand and the relationship between sRAGE and
oxidant/antioxidant status on the other hand in patients with palmoplantar warts (Figure 1).

 
Figure 1. The plan of investigation of sRAGE in association with oxidative stress and inflammation
in patients with warts. sRAGE = soluble receptor for advanced glycation end products, TAS =
total antioxidant status, TOS = total oxidant status, OSI = oxidative stress index, ESR = erythrocyte
sedimentation rate, hs-CRP = high-sensitive C reactive protein, Il-6 = interleukin-6.

2. Materials and Methods

2.1. Study Participants

The patients were selected from those who presented to the Clinic of Dermatology and were
diagnosed with palmoplantar warts, the most common HPV-related lesions. All study participants
gave their consent to the use of their biological samples in research studies. All the procedures and
the experiments performed in the study respect the ethical standards in the Helsinki Declaration, as
well as the national law. The study protocol was approved by the Ethics Committee of “Victor Babes
Infectious and Tropical Diseases Hospital” (13050/31.07.2017).

Inclusion criteria: otherwise healthy adults, aged 18 years or above; adequate nutritional status;
non-smokers; and with no treatment for warts.

Exclusion criteria from the study (conditions widely known as being able to alter, and therefore
interfere with parameters of inflammation and oxidative stress): chronic alcohol use, drug abuse;
treatment with corticosteroids, immunosuppressant agents and nutritional supplements; and pregnancy
and breastfeeding.

Based on similar demographic characteristics, the study participants were divided into two groups:
patients with palmoplantar warts (n = 24) and healthy subjects as controls (n = 28). We analyzed the
serum levels of sRAGE, oxidative stress parameters and markers of inflammation compared to controls.
We also evaluated the levels of sRAGE, oxidative stress parameters and markers of inflammation
according to the number of the lesions and the duration of the disease. According to the number of the
lesions we stratified the patients into three groups: less than 5 lesions (n = 11), between 5–10 lesions
(n = 8) and more than 10 lesions (n = 5). The distribution of the patients with warts according to the
duration of the disease divided them into three groups: with a history of less than 1 month (n = 6),
between 1 and 6 months (n = 10) and a history longer than 6 months (n = 8).

2.2. Laboratory Tests

Biological samples were drawn from the patients and controls enrolled in the study under basal
conditions using a holder-vacutainer system. Venous blood collected on anticoagulant (K3EDTA) was
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used to determine the blood count and erythrocyte sedimentation rate. The samples were processed
immediately. The plasma obtained from venous blood collected on heparin was used for serum
fibrinogen determination. Serum was obtained from venous blood collected in vacutainer without
anticoagulant. The hemolyzed or lactescent samples were rejected.

sRAGE levels were measured by ELISA method; the sandwich variant and the results were
expressed as pg/mL. In the wells of a polystyrene plate in which known antibodies were attached, the
unknown antigen solution was added and then incubated. After washing, enzyme-labelled antibodies
were added and fixed to the free epitopes of a polyvalent antigen. After incubation, the wells were
washed again. The presence of the labelled complex was detected using a chromogenic substrate
(BioVision reagents, TECAN analyzer). The absorbance of the resulted yellow product was measured.
The intensity of the color of the resulted product is proportional to the amount of sRAGE in the sample.
To determine the concentrations of sRAGE in the samples, a standard curve was used. The intensity of
the color was measured at 450 nm.

The following parameters were used to assess oxidative stress: total antioxidant status (TAS), total
oxidant status (TOS), and oxidative stress index (OSI).

TOS and TAS levels were determined by spectrophotometric method (Randox reagents, HumaStar
300 analyzer); results were expressed as μmol of H2O2 equivalent/L serum for TOS and as μmol Trolox
equivalent/L serum for TAS. OSI value was calculated using the following formula:

OSI (arbitrary units) =
TOS

(
μmol H2O2Eq/L

)

TAS (μmol Trolox Eq/L)
(1)

For the early detection of inflammation, the following determinations were used: high sensitivity
C-reactive protein (hs-CRP, latex-immunoturbidimetric method), interleukin-6 (IL-6, ELISA method,
sandwich variant, automatic reading method), the erythrocyte sedimentation rate (ESR, automatic
reading method), and fibrinogen (coagulometric method).

2.3. Statistical Analysis

The comparison of obtained experimental data between groups was carried out using t-test. When
we compared more than 2 groups we used Kruskal-Wallis test. The relationship between pairs of two
parameters was assessed by Spearman’s correlation coefficient after adequate assessment of normality
of data using Kolmogorov-Smirnov test. We chose a significance level (p) of 0.05 (5%) and a confidence
interval of 95% for hypothesis testing.

3. Results

The mean serum levels of sRAGE were significantly lower in patients with warts compared to
healthy controls (1036.50 ± 207.60 pg/mL vs. 1215.32 ± 266.12 pg/mL, p < 0.05) (Table 1). Differences
were also obtained for TAS levels (1.85 ± 0.12 vs. 2.03 ± 0.14 μmol Trolox Eq/L, p < 0.05), TOS levels
(3.17 ± 0.27 vs. 2.93 ± 0.22 μmol H2O2 Eq/L, p < 0.01) and OSI (1.72 ± 0.22 vs. 1.45 ± 0.17, p < 0.01)
compared to controls, (Table 1). The determination of the markers of inflammation did not reveal a
relevant inflammatory process in patients with warts. The only exception was represented by hs-CRP
levels. The mean level of hs-CRP was 0.19 ± 0.14 mg/dL in patients with warts and 0.06 ± 0.02 mg/dL in
controls (p < 0.05). In contrast, IL-6, fibrinogen, and ESR did not show significant differences between
the two groups (Table 1).

4



Medicina 2019, 55, 706

Table 1. The serum levels of sRAGE, oxidative stress parameters and markers of inflammation in
patients with warts versus controls (expressed as mean and standard deviation).

Parameter Patients with Warts n = 24 Controls n = 28 p Value

sRAGE (pg/mL) 1036.50 ± 207.60 1215.32 ± 266.12 <0.05 *
Markers of oxidative stress

TAS (μmol Trolox Eq/L). 1.85 ± 0.12 2.03 ± 0.14 <0.01 *
TOS (μmol H2O2 Eq/L) 3.17 ± 0.27 2.93 ± 0.22 <0.01 *

OSI (arbitrary units) 1.72 ± 0.22 1.45 ± 0.17 <0.01 *
Markers of inflammation

hs-CRP (mg/dL) 0.19 ± 0.14 0.06 ± 0.02 <0.01 *
ESR (mm/h) 5.20 ± 3.30 3.80 ± 2.10 >0.05

Fibrinogen (mg/dL) 183.5 ± 59.10 179.6 ± 64.70 >0.05
IL-6 (pg/mL) 7.62 ± 2.60 7.08 ± 2.40 >0.05

n = number of the patients. *—statistically significant.

The serum levels of the studied parameters did not differ significantly according to the number of
the lesions between the groups (Table 2).

Table 2. The serum levels of sRAGE, oxidative stress parameters and markers of inflammation in
patients with warts (expressed as mean and standard deviation) according to the number of the lesions.

Parameter
Patients with Warts p Value

<5 (n = 11) 5–10 (n = 8) >10 (n = 5)

sRAGE (pg/mL) 1029.45 ± 237.52 10,562.5 ± 204.47 1020.4 ± 179.90 0.9
Markers of oxidative stress

TAS (μmol Trolox Eq/L). 1.83 ± 0.12 1.85 ± 0.11 1.89 ± 0.17 0.58
TOS (μmol H2O2 Eq/L) 3.23 ± 0.35 3.10 ± 0.21 3.17 ± 0.24 0.62

OSI (arbitrary units) 1.77 ± 0.23 1.68 ± 0.15 1.70 ± 0.30 0.52
Markers of inflammation

hs-CRP (mg/dL) 0.19 ± 0.16 0.20 ± 0.16 0.19 ± 0.11 0.9
ESR (mm/h) 6.00 ± 3.58 4.50 ± 3.11 4.60 ± 3.13 0.8

Fibrinogen (mg/dL) 171.72 ± 53.20 191.37 ± 57.58 206.4 ± 78.00 0.6
IL-6 (pg/mL) 7.93 ± 2.72 7.49 ± 2.63 7.16 ± 2.93 0.9

The patients were divided into three groups; n = number of the patients.

There were no significantly differences between groups when we stratified patients according to
the duration of the disease (Table 3).

Table 3. The serum levels of sRAGE, oxidative stress parameters and markers of inflammation in
patients with warts (expressed as mean and standard deviation) according to the duration of the
disease (months).

Parameter
Patients with Warts p Value

<1 (n = 6) 1–6 (n = 10) >6 (n = 8)

sRAGE (pg/mL) 1061.00 ± 278.63 1090.50 ± 207.13 950.62 ± 133.72 0.26
Markers of oxidative stress

TAS (μmol Trolox Eq/L). 1.86 ± 0.12 1.88 ± 0.14 1.82 ± 0.12 0.49
TOS (μmol H2O2 Eq/L) 3.13 ± 0.20 3.16 ± 0.33 3.22 ± 0.30 0.91

OSI (arbitrary units) 1.69 ± 0.10 1.70 ± 0.27 1.78 ± 0.22 0.79
Markers of inflammation

hs-CRP (mg/dL) 0.20 ± 0.13 0.21 ± 0.16 0.19 ± 0.16 0.82
ESR (mm/h) 7.17 ± 3.87 4.00 ± 2.45 5.25 ± 3.41 0.23

Fibrinogen (mg/dL) 182.33 ± 67.45 185.20 ± 55.23 188.25 ± 65.53 0.87
IL-6 (pg/mL) 6.92 ± 3.16 8.12 ± 2.24 7.53 ± 2.89 0.92

The patients were divided into three groups; n = number of the patients.
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In patients with warts, sRAGE levels showed a positive statistically significant association with
TAS (rho = 0.43, p < 0.05) and a negative statistically significant association with both TOS (rho = −0.90,
p < 0.01) and OSI (rho = −0.86, p < 0.01) (Table 3). There was a lack of correlation between the levels of
sRAGE and hs-CRP, IL-6, fibrinogen, and ESR in patients with warts (Table 4).

Table 4. The relationship between sRAGE and the markers of oxidative stress and inflammation,
in patients with warts.

Parameter Rho p Value

TAS 0.43 <0.05 *
TOS −0.90 <0.01 *
OSI −0.86 <0.01 *

hs-CRP 0.11 >0.05
ESR −0.10 >0.05

Fibrinogen 0.04 >0.05
IL-6 −0.14 >0.05

*—statistically significant.

4. Discussion

The serum concentration of sRAGE seems to be modulated by a complex group of factors such
as genetic factors, internal and environmental stimuli [27–33]. It has also been suggested that serum
levels of sRAGE are influenced by gender, age, ethnicity, the imbalance between antioxidants and
prooxidants and inflammatory processes [27]. There are studies which attribute to sRAGE the role of
a potential biomarker of oxidative stress [34]. Some reports have suggested that the overexpression
of sRAGE reflects the excessive inflammatory response involved in the progression of endothelial
lesions and coagulopathy associated with severe infection. Low levels of sRAGE were associated with
increased levels of IL-6, VCAM-1 and PAI-1 as well as with thrombocytopenia [35]. At the same time,
in patients with type 1 diabetes, sRAGE overexpression in response to increased levels of AGEs was
interpreted as a modality of protection against cell damage. Under these conditions, sRAGE acts as a
negative feedback mediator for eliminating AGEs. The overexpression of sRAGE can be considered a
weapon against cell damage and a mechanism to regulate the receptor synthesis by modulating the
synthesis of enzymes that produce a proteolytic cleavage [36].

In our study, we have found that patients with palmoplantar warts had lower serum levels of
sRAGE compared to controls. sRAGE downregulation may be a factor involved in HPV pathogenesis;
it can be speculated that sRAGE acts as a negative regulator of warts occurrence and could represent
an early mediator involved in the onset and development of warts. The decrease in sRAGE levels in
patients with palmoplantar warts could be explained by different mechanisms. HPV induces increased
proliferation of keratinocytes resulting in a higher rate of glucose metabolism in the infected cells,
which stimulates the synthesis of AGEs. Thus, AGEs accumulate in extracellular spaces and interact
with sRAGE [37]. Another possible explanation is the disruption of the AGEs-sRAGE axis that might
induce a low synthesis of soluble receptors [18,36,38]. sRAGE is cleaved on cell surface through
the action of matrix metalloproteinases. The activity of these enzymes is modulated by oxidized
lipoproteins [32]. It has also been reported that advanced glycosylation of high density lipoproteins
leads to endogenous sRAGE sequestration [32,33].

The relationship between RAGE expression in the skin and the level of its ligands remains
unclear. In human skin, sRAGE was positively correlated with the expression of genes encoding for
ligands of RAGE such as tumor necrosis factor (TNF) alpha, IL-1 alpha, S100B, proapoptotic factors
(Fas, Bax), epidermal differentiation markers (involucrin), and proliferating cell nuclear antigen [17].
Another factor that could influence sRAGE activity is the presence of a group of cell surface receptors,
AGE-R1, AGE-R2, and AGE-R3, which seem to modulate the endocytosis and degradation of AGEs,
thus counteracting the effects of RAGE. AGE-R1 has been shown to reduce oxidative stress induced by
AGEs through the inhibition of RAGE signaling pathway [37].
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Another point analyzed in our study was the investigation of potential mechanisms by which
sRAGE is involved in the pathogenesis of warts. To demonstrate this hypothesis, we have performed a
complete, simultaneous and comparable analysis of the axis sRAGE – markers of oxidative stress –
markers of inflammation in patients with warts and in a control group. First, we have investigated
oxidative stress markers (TOS, TAS, OSI) and confirmed the presence of an imbalance between oxidant
load and antioxidant defense in patients with warts. Previous studies have suggested that the balance
between oxidants and antioxidants plays an important role in the spontaneous regression of HPV
infection, and the antioxidant system prevents the effects of oxidative stress and mediates the immune
response [39,40]. A recent study has shown that oxidative stress plays an important role in recalcitrant
warts [41]. Excessive amounts of oxidants lead to destructive effects, materialized in the structural
and functional alteration of lipids, proteins and nucleotides [42]. In this case, the antioxidant systems
may become deficient, favoring the perpetuation of oxidative stress. We consider that sRAGE can
participate in the restoration of the oxidant/antioxidant balance in patients with warts. This hypothesis
is supported by the strong negative correlation between sRAGE and TOS, respectively OSI, and the
positive association between sRAGE and TAS. Based on these results, we assign to sRAGE the role of a
potential biomarker of oxidative stress in patients with warts. Therefore, the modulation of sRAGE
level in HPV patients might influence the progression of the disease.

In our study, the evaluation of a panel of markers of inflammation did not reveal an inflammatory
systemic process in patients with warts. The sRAGE level was not correlated with the levels of the
markers of inflammation (IL-6, fibrinogen and ESR) excepting hs-CRP. However, we do not exclude the
presence of a proinflammatory environment in infected tissues. The association between sRAGE and
hs-CRP has also been proven in several pathological conditions [43]. CRP is synthesized by hepatocytes
in response to TNF alpha, IL-1, and IL-6 [44]. The AGEs-RAGE interaction increases the expression
of these cytokines; sRAGE and RAGE compete for the same ligands. As a result, low sRAGE levels
increase the AGEs-mRAGE interaction, which leads to increased cytokine production. It is known that
sRAGE modulates the synthesis of hs-CRP in patients with acute coronary syndrome [45].

We have identified that none of the examined parameters was influenced by the extension of
warts and disease duration. Our results are in concordance with the study by Sasmaz et al., which
has also revealed that markers of oxidative stress (catalase, glucose-6-phosphate dehydrogenase,
superoxide dismutase, and malondialdehyde) did not correlate with the duration and the number of
the lesions [46]. We consider that the level of sRAGE cannot be used as a biomarker for the severity
of warts. The molecular mechanisms by which sRAGE could be involved in the etiopathogenesis of
warts are complex and could include the interference between oxidative stress and inflammation.

In our study, we have shown changes of serum levels of sRAGE in patients with palmoplantar
warts compared to the control group. Given that warts are produced by HPV we have suggested a
possible role of sRAGE in the pathogenesis of HPV infection. Further studies investigating the presence
of the virus, its type, and its viral load in the examined patients are needed, in order to establish the
exact role of sRAGE in HPV infection. Our findings open new perspectives and pave the way for the
investigation of sRAGE in HPV infection.

Currently, there is no data available in the literature on the implication of sRAGE in the deep
mechanisms that mediate the appearance and evolution of warts. These findings could help broaden
the therapeutic options for HPV lesions. Some studies have shown that sRAGE could be an effective
therapeutic target and might be used as a biological agent [21]. It has been suggested that increased
concentrations of sRAGE may contribute to the inhibition of the inflammatory signaling pathways [47].

5. Conclusions

Our study reveals an imbalance between prooxidants and antioxidants in patients with warts.
Moreover, we postulate that sRAGE may represent a potential biomarker of oxidative stress in patients
with warts. sRAGE acts as a decoy for AGEs, blocking AGEs-RAGE axis and prevent the augmentation
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of the oxidative processes. The modulation of sRAGE could be a therapeutic alternative or at least an
adjuvant treatment in near future.

Author Contributions: All authors have equally contributed to this paper. Conceptualization, C.I.M., I.N., M.T.
and M.I.M.; data curation, C.C., M.I.S. and A.C.I.; formal analysis, M.I.S. and C.M.; funding acquisition, C.C.;
investigation, C.D.E., C.M. and A.C.I.; methodology, C.I.M., I.N. and M.I.M.; project administration, S.R.G. and
M.I.P.; resources, C.C.; software, M.T. and C.D.E.; supervision, S.R.G. and M.I.P.; validation, M.I.S., C.D.E. and
C.M.; visualization, A.C.I. and S.R.G.; writing—original draft, C.I.M., I.N. and M.I.M.; writing—review and
editing, M.T. and M.I.P.

Funding: This research and APC were funded by a grant of Romanian Ministry of Research and Innovation,
CCCDI-UEFISCDI, [project number 61PCCDI⁄2018 PN-III-P1-1.2-PCCDI-2017-0341], within PNCDI-III.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kirnbauer, R.; Androphy, E.J. Human papilloma virus infections. In Fitzpatrick’s Dermatology in General
Medicine, 8th ed.; Goldsmith, L.A., Katz, S.I., Eds.; Mc. Graw-Hill Medical: New York, NY, USA, 2012;
Volume 1, pp. 2421–2433.

2. Doorbar, J.; Egawa, N.; Griffin, H.; Kranjec, C.; Murakami, I. Human papillomavirus molecular biology and
disease association. Rev. Med. Virol. 2015, 25 (Suppl. S1), 2–23. [CrossRef] [PubMed]

3. Harden, M.E.; Munger, K. Human papillomavirus molecular biology. Mutat. Res. Rev. Mutat. Res. 2017, 772,
3–12. [CrossRef] [PubMed]

4. Bruggink, S.C.; de Koning, M.N.; Gussekloo, J.; Egberts, P.F.; Ter Schegget, J.; Feltkamp, M.C.; Bavinck, J.N.;
Quint, W.G.; Assendelft, W.J.; Eekhof, J.A. Cutaneous wart-associated HPV types: Prevalence and relation
with patient characteristics. J. Clin. Virol. 2012, 55, 250–255. [CrossRef] [PubMed]

5. Cubie, H.A. Diseases associated with human papillomavirus infection. Virology 2013, 445, 21–34. [CrossRef]
[PubMed]

6. Witchey, D.J.; Witchey, N.B.; Roth-Kauffman, M.M.; Kauffman, M.K. Plantar warts: Epidemiology,
pathophysiology, and clinical management. J. Am. Osteopath. Assoc. 2018, 118, 92–105. [CrossRef]
[PubMed]

7. Olia, J.B.H.; Ansari, M.H.K.; Yaghmaei, P.; Ayatollahi, H.; Khalkhali, H.R. Evaluation of oxidative stress
marker in patients with papilloma virus infection. Ann. TMPH 2017, 10, 1518–1523.

8. Nicolae, I.; Tampa, M.; Mitran, C.; Ene, C.D.; Mitran, M.; Matei, C.; Musetescu, A.; Pituru, S.; Pop, C.S.;
Georgescu, S.R. Gamma-Glutamyl Transpeptidase Alteration As A Biomarker Of Oxidative Stress in Patients
with Human Papillomavirus Lesions Following Topical Treatment with Sinecatechins. Farmacia 2017, 65,
617–623.

9. Georgescu, S.R.; Mitran, C.I.; Mitran, M.I.; Caruntu, C.; Sarbu, M.I.; Matei, C.; Nicolae, I.; Tocut, S.M.;
Popa, M.I.; Tampa, M. New Insights in the Pathogenesis of HPV Infection and the Associated Carcinogenic
Processes: The Role of Chronic Inflammation and Oxidative Stress. J. Immunol. Res. 2018, 2018, 5315816.
[CrossRef] [PubMed]

10. Cardoso, J.C.; Calonje, E. Cutaneous manifestations of human papillomaviruses: A review.
Acta Dermatovenerol. Alp. Pannonica Adriat. 2011, 20, 145–154.

11. Chow, L.T.; Broker, T.R. Human papillomavirus infections: Warts or cancer? Cold Spring Harb. Perspect. Biol.
2013, 5, a012997. [CrossRef]

12. Choi, Y.J.; Park, J.S. Clinical significance of human papillomavirus genotyping. J. Gynecol. Oncol. 2016, 27,
e21. [CrossRef] [PubMed]

13. Moerman-Herzog, A.; Nakagawa, M. Early defensive mechanisms against human papillomavirus infection.
Clin. Vaccine Immunol. 2015, 22, 850–857. [CrossRef] [PubMed]

14. Santilli, F.; Vazzana, N.; Bucciarelli, L.G.; Davì, G. Soluble forms of RAGE in human diseases: Clinical and
therapeutical implications. Curr. Med. Chem. 2009, 16, 940–952. [CrossRef] [PubMed]

15. Tang, D.; Kang, R.; Coyne, C.B.; Zeh, H.J.; Lotze, M.T. PAMPs and DAMPs: Signal 0s that spur autophagy
and immunity. Immunol. Rev. 2012, 249, 158–175. [CrossRef]

16. Abeck, D.; Fölster-Holst, R. Quadrivalent human papillomavirus vaccination: A promising treatment for
recalcitrant cutaneous warts in children. Acta Derm. Venereol. 2015, 95, 1017–1019. [CrossRef]

8



Medicina 2019, 55, 706

17. Iwamura, M.; Yamamoto, Y.; Kitayama, Y.; Higuchi, K.; Fujimura, T.; Hase, T.; Yamamoto, H. Epidermal
expression of receptor for advanced glycation end products (RAGE) is related to inflammation and apoptosis
in human skin. Exp. Dermatol. 2016, 25, 235–237. [CrossRef]

18. Papagrigoraki, A.; Maurelli, M.; Del Giglio, M.; Gisondi, P.; Girolomoni, G. Advanced Glycation End Products
in the Pathogenesis of Psoriasis. Int. J. Mol. Sci. 2017, 18, 2471. [CrossRef]

19. Pranal, T.; Pereira, B.; Berthelin, P.; Roszyk, L.; Godet, T.; Chabanne, R.; Eisenmann, N.; Lautrette, A.;
Belville, C.; Blondonnet, R. Clinical and Biological Predictors of Plasma Levels of Soluble RAGE in Critically
Ill Patients: Secondary Analysis of a Prospective Multicenter Observational Study. Dis. Markers 2018, 2018,
7849675. [CrossRef]

20. Georgescu, S.R.; Ene, C.D.; Tampa, M.; Matei, C.; Benea, V.; Nicolae, I. Oxidative stress-related markers and
alopecia areata through latex turbidimetric immunoassay method. Mater. Plast. 2016, 53, 522–526.

21. Bongarzone, S.; Savickas, V.; Luzi, F.; Gee, A.D. Targeting the receptor for advanced glycation endproducts
(RAGE): A medicinal chemistry perspective. J. Med. Chem. 2017, 60, 7213–7232. [CrossRef]

22. Khan, M.I.; Su, Y.K.; Zou, J.; Yang, L.W.; Chou, R.H.; Yu, C. S100B as an antagonist to block the interaction
between S100A1 and the RAGE V domain. PLoS ONE 2018, 13, e0190545. [CrossRef] [PubMed]

23. Fishman, S.L.; Sonmez, H.; Basman, C.; Singh, V.; Poretsky, L. The role of advanced glycation end-products
in the development of coronary artery disease in patients with and without diabetes mellitus: A review.
Mol. Med. 2018, 24, 59. [CrossRef] [PubMed]

24. Schmidt, A.M.; Yan, S.D.; Yan, S.F.; Stern, D.M. The biology of the receptor for advanced glycation end
products and its ligands. Biochim. Biophys. Acta 2000, 1498, 99–111. [CrossRef]

25. van Zoelen, M.A.; Achouiti, A.; van der Poll, T. The role of receptor for advanced glycation endproducts
(RAGE) in infection. Crit. Care 2011, 15, 208. [CrossRef]

26. Bierhaus, A.; Humpert, P.M.; Morcos, M.; Wendt, T.; Chavakis, T.; Arnold, B.; Stern, D.M.; Nawroth, P.P.
Understanding RAGE, the receptor for advanced glycation end products. J. Mol. Med. 2005, 83, 876–886.
[CrossRef]

27. Jensen, L.J.; Flyvbjerg, A.; Bjerre, M. Soluble receptor for advanced glycation end product: A biomarker for
acute coronary syndrome. BioMed Res. Int. 2015, 2015, 815942. [CrossRef]

28. Meerwaldt, R.; Links, T.; Zeebregts, C.; Tio, R.; Hillebrands, J.L.; Smit, A. The clinical relevance of assessing
advanced glycation endproducts accumulation in diabetes. Cardiovasc. Diabetol. 2008, 7, 29. [CrossRef]

29. Manigrasso, M.B.; Pan, J.; Rai, V.; Zhang, J.; Reverdatto, S.; Quadri, N.; DeVita, R.J.; Ramasamy, R.;
Shekhtman, A.; Schmidt, A.M. Small molecule inhibition of ligand-stimulated RAGE-DIAPH1 signal
transduction. Sci. Rep. 2016, 6, 22450. [CrossRef]

30. Maruthur, N.M.; Li, M.; Halushka, M.K.; Astor, B.C.; Pankow, J.S.; Boerwinkle, E.; Coresh, J.; Selvin, E.;
Kao, W.H. Genetics of plasma soluble receptor for advanced glycation end-products and cardiovascular
outcomes in a community-based population: Results from the Atherosclerosis Risk in Communities Study.
PLoS ONE 2015, 10, e0128452. [CrossRef]

31. Vazzana, N.; Santilli, F.; Cuccurullo, C.; Davì, G. Soluble forms of RAGE in internal medicine. Intern. Emerg.
Med. 2009, 4, 389–401. [CrossRef]

32. Ardans, J.A.; Eonou, A.P.; Martins, J.M.; Zhou, M.; Wahl, L.M. Oxidized low-density and high-density
lipoproteins regulate the production of matrix metalloproteinase-1 and -9 by activated monocytes.
J. Leukoc. Biol. 2002, 71, 1012–1018. [PubMed]

33. Yan, S.F.; Ramasamy, R.; Schmidt, A.M. Soluble RAGE: Therapy and biomarker in unraveling the RAGE axis
in chronic disease and aging. Biochem. Pharmacol. 2010, 79, 1379–1386. [CrossRef] [PubMed]

34. Massaccesi, L.; Bonomelli, B.; Marazzi, M.G.; Drago, L.; Romanelli, M.M.C.; Erba, D.; Papini, N.; Barassi, A.;
Goi, G.; Galliera, E. Plasmatic Soluble Receptor for Advanced Glycation End Products as a New Oxidative
Stress Biomarker in Patients with Prosthetic-Joint-Associated Infections? Dis. Markers 2017, 2017, 1–7.
[CrossRef] [PubMed]

35. Matsumoto, H.; Matsumoto, N.; Ogura, H.; Shimazaki, J.; Yamakawa, K.; Yamamoto, K.; Shimazu, T. The
clinical significance of circulating soluble RAGE in patients with severe sepsis. J. Trauma Acute Care Surg.
2015, 78, 1086–1093. [CrossRef] [PubMed]

36. Reis, J.S.; Veloso, C.A.; Volpe, C.M.; Fernandes, J.S.; Borges, E.A.; Isoni, C.A.; Dos Anjos, P.M.;
Nogueira-Machado, J.A. Soluble RAGE and malondialdehyde in type 1 diabetes patients without chronic
complications during the course of the disease. Diabete Vasc. Dis. Res. 2012, 9, 309–314. [CrossRef] [PubMed]

9



Medicina 2019, 55, 706

37. Gkogkolou, P.; Böhm, M. Advanced glycation end products: Key players in skin aging? Dermatoendocrinology
2012, 4, 259–270. [CrossRef]

38. Kasperska-Zajac, A.; Damasiewicz-Bodzek, A.; Tyrpień-Golder, K.; Zamlyński, J.; Grzanka, A. Circulating
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Abstract: Background: Approximately 400 million people are infected with Hepatitis B virus (HBV)
around the world, which makes it one of the world’s major infectious diseases. The prevalence of HBV
genotypes and predictive factors for risk are poorly known in the Kingdom of Bahrain. Objectives:
The aim of the present study was to investigate the prevalence of HBV genotypes, its correlation
with demographic factor sand impacts on hepatic biomarkers. Materials and Methods: Venous blood
samples were collected from 82 HBV positive patients (48 males, 34 females). The extraction of
HBV DNA, PCR amplification, and genotyping were done to classify different genotypes (A, A/D,
B, B/D, C, D, D/E, E). HBV genotypes association with gender, nationality, mode of transmission,
and liver cirrhosis complication was determined by descriptive statistic and univariate analysis of
variance (ANOVA). For liver function test, unpaired t-test and ANOVA were performed. Results: The
predominant genotype among patients under study was genotype D (61%), followed by genotype A
(10%), and lowest frequency was found for undetermined genotype (1%). In general, there was no
significant association between the different genotypes and some demographical factors, serological
investigations, and liver function test. The prevalence of HBV genotypes was higher in male patients
as compared to female patients and higher in non-Bahraini than in Bahraini. Patients with the
dominant genotype D showed higher than the normal maximum range for alanine aminotransferase
(ALT) (mean = 45.89) and Gamma-glutamyl transferase (GGT) (mean = 63.36). Conclusions: The most
common HBV genotype in Bahrain was genotype D, followed by genotype A. Further studies
involving the sources of transmission and impact of hepatic biomarker in Bahrain are required to
enhance the control measures of HBV infections.
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1. Introduction

Hepatitis B Virus (HBV) is chronically carried by around 400 million people worldwide and about
one million die annually as result of developing liver cirrhosis and hepatocellular carcinoma [1–3].
The infection is mainly present in Middle East, South-East Asia, sub-Saharan Africa, Central and
South-America, and Eastern-Europe with prevalence >8% of population [4]. A migratory flow that had
occurred in last twenty years from these countries to the industrialized countries resulted in an increase
in HBV prevalence the industrialized countries [1,5]. Between 5 and 10% of infected individuals
become chronic carriers in their adulthood, while 85 to 95% in their infancy [6].

Hepatitis B virus is transmitted through blood and body fluids, hence certain types of behaviors
increase the risk of infection, such as sharing personal items (toothbrushes, razors, etc.), use of
contaminant needles for intravenous drugs or ear pricing and tattooing, and practicing unsafe sex.
Hemodialysis and hemophiliacs patients as well as Healthcare and emergency service workers are also
at higher risk [7].

HBV genome has a high rate of mutation when compared to other DNA viruses due to the high
spontaneous error rate of the viral reverse transcriptase and lack of proofreading mechanism. It is
estimated approximately 1.4–3.2 × 10−5 per genome. Accordingly, HBV can be classified into eight
genotypes A-H that accounts for 8% or more in the complete nucleotide sequence on inter-sequence
divergence [8,9]. Studies on HBV genotypes show a distinct geographical distribution around the
world [10]. In general, genotype A is pandemic, but most prevalent in North West Europe, North
America, Central Africa [11], and India [8,12]. Genotypes B and C are prevalent in Asia [1,13], especially
in the populations of Eastern Asia and the Far East [3]. Genotype D is distributed worldwide with the
highest prevalence in the Mediterranean region [3,9,14]. Genotype E and F are predominant in West
Africa and in the Amerindian population, respectively [1,9,13]. Recently, genotype G was identified in
the USA and France [1]. Genotype H was also recently found in Central America [15]. A remarkable
difference in the clinical and virologic characteristics between the patients with different genotypes has
been reported [2].

HBV genotypes are reported to be responsible for the differences in the natural history of chronic
infection and they play a significant role in clinical manifestation of infection and response to antiviral
therapy [16]. Therapeutically, patients that are infected with genotypes A, B, D, and F show frequent
spontaneous HBeAg seroconversion when compared to genotype C. Whereas, patients that were
infected with genotype E have higher frequency of HBeAg positivity and higher viral loads as compared
to patients that were infected with genotype D [17].

Epidemiological data regarding HBV in any country would provide significant information
to program managers and health planers to control and manage the infection with reference to its
etiological spectrum. In the present study, we aim to determine the prevalence of the various HBV
genotypes in the Kingdom of Bahrain. This study also aims to determine various sociodemographic
factors and hepatic biomarker associated with the prevalence and the possible risk factors for HBV
transmission in Bahrain.

2. Method

2.1. Setting

Bahrain is a small archipelago country (33 islands) that is situated near the western shores of the
Arabian Gulf with a total area of 765.3 km2. It has a total population of 1,234,571, out of which 666,172
are non-Bahraini and it is one of the most densely populated countries in the world (1461/km2) [18].
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2.2. Study Design

In this cross-sectional study, patients with established chronic hepatitis B infection (positive for
HBsAg antigen, HBcAg antibody) referred to Bahrain Defense Force Hospital (second largest hospital
in Bahrain) were investigated for HBV genotypes. The major inclusion criterion was testing positive
for HBsAg for over six months (chronic infection), with levels of ALT around the normal range. All
patients were negative for antibodies against hepatitis C and human immunodeficiency virus.

2.3. Sample Collection, HBV DNA Extraction and Genotyping

Five ml of venous blood were collected from patients and sera were separated and stored at −80 ◦C
prior to HBV genotyping. HBV DNA extraction, PCR amplification of DNA, and genotyping were
carried out according to the instruction while using a commercially available kit (SMITEST, MBL Co.
Nogoya, Japan) based on hybridization with type-specific probes immobilized on a solid-phase support.
The quality and quantity of extracted DNA was determined with a Nano drop spectrophotometer
(Thermo Scientific, Wilmington, DE, USA) after DNA extraction. Serological investigation for HBsAg
and HBeAg were carried out while using commercial enzyme-linked immunosorbent assay (ELISA)
kits (ARCHITECT ANALYSER i2000, Abbott, Santa Clara, CA, USA). Liver function tests; Total and
Direct Bilirubin, Alanine Transaminase (ALT), Alkaline Phosphatase (ALP), Aspartate Transaminase
(AST), Gama Glutamyl Transferase (γGT) and Lactate Dehydrogenase (LDH) were analyzed in serum
samples while using routine biochemistry analyzer (COBAS c 501, Roche/Mannheim, Germany).

2.4. Statistical Analysis

Statistical analyses were performed while using IBM SPSS Statistics 23 software. For baseline
variables, summary statistics employed frequencies data, mean, and standard deviation (SD) for
continuous variables. Continuous variables were compared using unpaired t-tests and ANOVA as
appropriate. Descriptive Statistics were calculated to determine the prevalence of genotype with
respect to data of demographic factors, serology, and other investigations. Univariate analysis of
Variance (ANOVA) was applied to determine any significance differences for the genotype and liver
function tests.

2.5. Ethical Approval

The local ethics and research committees of Bahrain Defense Force Hospital and University of
Bahrain approved this study (approval date 7 September 2017, Project code: 2017/12). It conformed to
the provisions of the Declaration of Helsinki in 1964 (and revised in Fortaleza, Brazil, October 2013).
All of the patients signed the informed consent form before participation.

3. Results

3.1. Demographic Characteristics of Patients

Eighty-two HBV positive patients (48 males, 34 females), were screened for the different genotypes
A, B, C, D, E and mixed genotype infections A/D, B/D, D/E. The patients in the study were either
Bahraini nationals or from other nationalities. The frequency of Bahraini was found to be 53.7% and
that of Non-Bahraini was 46.3%. The highest prevalence of HBV infection was shown for the age group
21–30. The lowest prevalence was for the group <21. There was no significance difference between
genotype and nationality, gender and age-group (p > 0.05), as shown in Table 1.
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Table 1. Sociodemographic factors associated with the prevalence of hepatitis B virus infections
examined patients (N = 82).

Variables No. of Isolation 1 p-Value

Gender 0.447
Male 58.5 (48)

Female 41.5 (34)
Nationality 0.44

Bahraini 53.7 (44)
Non-Bahraini 46.3 (38)

Age-group 0.409
<21 4.9 (4)

21–30 28 (23)
31–40 25.6 (21)
41–50 13.4(11)
51–60 15.9(13)
>61 12.2(10)

1 Data presented as %(No.).

3.2. Distribution of HBV Genotypes in the Study Population

Figure 1 illustrates the frequency of HBV genotypes A, A/D, B, B/D, C, D, D/E, and E. The
prevalence of genotype A was found to be 10%, genotype A/B was 7%, genotype B was 4%, genotype
B/D was 2%, genotype C was 5%, genotype D/E was 4%, genotype E was 1%, and undetermined
genotypes was 6%. Among the referred genotypes, genotype D showed the highest occurrence (61%),
which indicated that genotype D is the most prevalent HBV genotype in the Kingdom of Bahrain.

Figure 1. Prevalence of HBV genotypes among 82 patients under study in the Kingdom of Bahrain.

3.3. Genotype and Sociodemographic Data

Table 2 states the distribution of genotypes with respect to gender, nationality, and age groups.
The prevalence of HBV infection for each genotype differs for gender, but there is no significance
difference in terms of genotype prevalence and genders (p = 0.447; p > 0.05). Overall, the genotype A
(62.5%), A/D (66.7%), B (66.7%), C (100%), and D/E (100%) are more related to males, whereas genotype
E (100%) and Undetermined genotype (60%) are more related to females. Genotype A/D (66.7%), D
(64.0%), and Undetermined genotypes (80%) are more related to Bahraini nationality; Genotype A
(87.5%), B (6.7%), C (75%), D/E (100%), and E (100%) are more related to other nationalities. Genotype
B/D (50%) is equally distributed among and Bahrainis and non-Bahrainis. Individuals of different
age groups were enrolled in the study, there was no significance differences in terms of genotype
prevalence and age (p = 0.409; p > 0.05).
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3.4. HBV Genotype Relationship with Mode of Transmission and Liver Cirrhosis Complications

Table 3 shows the prevalence of HBV genotypes in relationship to the mode of transmission and
liver cirrhosis complications. There are no significant differences (p > 0.05) in genotype frequency in
relation to the mode of transmission (p = 0.086) and liver cirrhosis complications (p = 0.857). Genotype
A (37.5%), A/D (66.7%), D (66%), D/E (100%), and undetermined genotype (80%) are more related to
the unknown factor of infection transmission. Genotype B (66.7%) and C (75.5%) are more related to
Blood transfusion while genotype E (100%) is more related to vertical transmission from mother to
child. Genotype D (2%) is more related to hemodialysis, while genotype A (12.5%) is more related
to tattoo/body piercing. In general, there was low or no relationship between the prevalence of HBV
genotypes and liver cirrhosis complications, for example, genotype A (50%), genotype A/D (66.7%),
genotype B (100%), genotype C (100%), genotype D (78%), genotype D/E (100%), and undetermined
(80%), except for mixed genotypes B/D, 50% of the patients were associated with ascites.
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3.5. HBV Genotype and Liver Function Test

For the determination of HBV clinical course, investigating the hepatic biomarkers plays an
important role. As increase or decrease in their levels can indicate hepatic disfunction. Bilirubin,
Direct Bilirubin (Dbilirubin), Alanine transaminase (ALT), Aspartate aminotransferase (AST), and
Gamma-Glutamyl Transferase (GGT) were measured and associated with the different genotypes.
Table 4 summaries the mean and SD values in relation to the different genotypes. The maximum and
minimum range for these liver function enzymes were stated as: Bilirubin (max. 17, min. 0 umol/L),
Dbilirubin (max. 3.4, min. 0 umol/L), AST (max. 37, min. 0 lU/L), ALT (max. 41, min. 0 lU/L), and
GGT (max. 49, min. 11 lU/L). Table 4 shows that for Bilirubin value A/D mixed genotype was higher
than the max range; for D bilirubin, no genotypes were above or below the normal range, while for
AST, ALT, and GGT, the genotypes A, A/D, B, and B/D were all above the normal range.

Table 4. Mean and Standard Deviation of Liver Function Tests, Univariate Analysis with HBV Genotype.

Genotypes
Bilirubin
(umol/L)

Dbilirubin
(umol/L)

AST (lU/L) ALT (lU/L) GGT (lU/L)

A 14.39 (±3.65) 6.94 (±2.81) 44.04 * (±3.78) 49.54 * (±8.77) 65.75 * (±23.22)
A/D 25.10 * (±8.48) 12.78 (±4.79) 77.43 * (±3.68) 94.23 * (±8.89) 65.33 * (±28.07)

B 16.63 (±12.35) 8.97 (±6.77) 35.40 (±14.61) 63.93 * (±38.93) 60.00 * (±39.68)
B/D 16.35 (±11.05) 10.55 (±8.35) 69.40 * (±0.00) 86.90 * (±69.80) 76.00 * (±67.00)
C 6.68 (±2.18) 1.93 (±0.39) 20.45 (±3.15) 21.53 (±5.97) 41.25 (±15.26)
D 13.26 (±1.51) 6.09 (±0.62) 31.76 (±3.05) 45.89 * (±6.60) 63.36 * (±2.68)

D/E 7.70 (±2.99) 3.30 (±1.14) 24.93 (±3.58) 33.53 (±6.63) 25.33 (± 7.88)
E 3.20 (±0.00) 1.50 (±0.00) 37.00 * (±0.00) 44.50 * (±0.00) 15.00 (±0.00)

Undetermined 7.14 (±1.41) 2.50 (±0.25) 18.80 (±2.69) 21.32 (±4.45) 18.00 (±4.06)

* Refers to the measured levels of the liver functions enzymes above their min. and max. ranges.

4. Discussion

HBV infection is an important global problem that places a continuously increasing burden on
developing countries. As the HBV genotype can be classified into different genotypes, the classification
has to be cost-effective and clinically relevant [19]. Research on the relationship between HBV genotypes,
their pathogenicity in chronic liver disease, including hepatocellular carcinoma, and their therapy
are of great interest, as this allows for understanding the spread and risk of HBV infection around
the world [10]. On the other hand, HBV infection is a major health problem in the Middle East. The
majority of the countries in the region have an intermediate or high endemicity of HBV infection [20].
Despite the low prevalence of HBV in Bahrain, it is important to investigate the frequency of HBV
genotypes and its association with various sociodemographic factors, hepatic biomarkers, and mode
of transmission, which is essential for fine tuning the control of the disease.

According to a study by Janahi (2014), completed on 877,892 individuals, Bahrain has low HBV
endemicity for the period (2000–2010). The prevalence of hepatitis B virus infection in Bahrain was
found to be 0.58% [21]. This study reports for the first time in Bahrain, the correlation of HBV genotypes
frequency with the demographic characteristics and hepatic biomarker. The results showed that there
were no significant differences of genotype frequency in relation to the demographic characteristics
as well as hepatic biomarkers. Out of the 82 screened patients in this study, 58.5% were male, while
the remaining 41.5% were females. There was a significant increased risk of HBV infection in male
as compared to females (Table 1). 53.7% of HBV positive patients had Bahraini nationality, while
the remaining 46.3% belonged to other eleven nationalities, such as Pakistan, Sudan, Egypt, Yamen,
Syria, Kuwait, Bangladesh, India, Ethiopia, Indonesia, and Philippines, which are known to be highly
endemic for HBV. Relationship between genotype and age-group indicates that HBV prevails 4.9% in
<21 years, 28% in 21–30 years, 25.6% in 31–40 years, 13.4% in 41–50 years, 15.9% in 51–60 years, and
12.2% in >61 years. age groups.
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The frequency of mode of transmission was highly unknown (59.8%), followed by blood/blood
products (19.5%), sexual contact (7.3%), vertical transmission (7.3%), and finally organ transplant
(3.7%). HBV and HCV have common modes of transmission; therefore, their coinfection is quite
frequent. This particularly occurs in areas where the two viruses are endemic and among subjects
with high risk of parental infection [22]. According to a study that was conducted in Bahrain, dental
procedures and surgical operations account for 37.2% and 35.6%, respectively, of the HBV transmission
routes. Followed by the blood transfusion (24.6%), the sexual contact and intervenors drug abuse
were the least possible routes of transmission [21]. There was some significant difference in the HBV
genotype prevalence with respect to some investigated variables. For example, the frequency of HBV
genotype is more related to males and the risk of HBV infection increased with older age.

The dominant genotype in our study was genotype D with 61% frequency, which is similar to
some countries in the Middle East, like Saudi Arabia (81%) [23], UAE (79.5%) [24], Iran, and Jordan
(≈100%) [25,26]. The dominance of this genotype might be attributed to different factors, such as the
presence of high number of workers from countries that are known to have dominant D genotype,
such as India, Pakistan, Yemen, Syria, and Bangladesh. These infected workers are a principal source
for the transmission of hepatitis B. As most of them belong to highly endemic countries with low
educational and socio-economical backgrounds, they positively contribute to the transmission of the
disease. Living in small houses and having unhygienic behaviors (such as sharing same razors and
toothbrushes) put such workers at high risk of contracting HBV. A poor hygiene system in hospitals of
such countries is known as a high-risk factor for HBV transmission, as the same syringe is used for
vaccination of different people [27].

The quasi-species nature of HBV infection indicates that the variation and evolution of Hepatitis
B virus has been influenced by the recombination between genotypes. Hence, a high prevalence of
more than one dominant genotype in a certain region is common [16,28]. It is documented that mixed
infection with different HBV genotypes is not uncommon and it is of great virological and clinical
interest. For example, a study done by Chen et al. (2004) showed that the prevalence of mixed HBV
genotype infection was 16.3% for HBsAg positive and 34.4% in occult HBV-infected intravenous drug
users [29].

HBV is non-cytopathic virus, which highlights the complex and important interaction between the
virus and host in causing HBV-related liver disease. Bilirubin, Direct Bilirubin, ALT, and AST are the
most common liver enzymes that are measured to investigate the condition of liver due to HBV or HCV
infection [30]. Elevated ALT levels, elevated AST level, elevated serum bilirubin, and decreased serum
albumin might be indicative of advanced liver disease and even cirrhosis [31]. In our study, there was
no significant association between HBV prevalence and liver function test. However, each genotype
showed variation depending on the mean and standard deviation of the liver function test associated
with that genotype. The most dominant genotype in the present study, genotype D showed high levels
of ALT and GGT above the normal range. This might be indicative of acute hepatitis. Genotype A and
mixed genotypes B/D showed higher than the normal maximum level for ALT, AST, and GGT; mixed
genotypes A/D showed higher than the normal maximum level for Bilirubin, ALT, AST, and GGT;
genotype B showed higher than the normal maximum level for ALT and GGT; genotype D showed
higher than the normal maximum level for ALT and GGT; and, genotype E showed higher than the
normal maximum level for AST and ALT. Genotype C and undetermined genotypes showed normal
liver function enzymes levels. It is also reported that persistently elevated liver enzymes levels in an
asymptomatic hepatitis B patient is associated with high infectivity [32].

This study, as any study, has some limitations. Firstly, 82 individuals only were screened, which
is a relatively small sample and it may not represent an accurate picture of HBV prevalence at the
population level. Secondly, no cases from other governmental and private health facilities were
included in our study which may contribute to lower prevalence. However, according to the latest
data that were obtained from the Public Health Directorate, Ministry of Health, the number of HBV
positive patients at population level was 527, so our sample 82 represents approximately 16% of the
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total HBV patients in Bahrain. Thirdly, some of the obtained data from patients were based on patient
self-reporting of risk factors, which is subject to social desirability bias.

Finally, this study showed that the overall HBV prevalence among males’ patients to be 58.5%,
while it was 41.5% among females. The dominant HBV genotype in Bahrain was genotype D (61%),
which was associated with higher than the normal maximum level of ALT and GGT.

5. Conclusions

This study highlighted the importance of hepatic biomarker association with genotypes, which
can be used as a base for further studies to investigate such an association. The advantage of this study
was to provide a baseline study to draw a good estimate of HBV genotype distribution in Bahrain.
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Abstract: Background and objectives: The use of antagonistic probiotic microorganisms and
their byproducts represents a promising approach for the treatment of viral diseases. In the
current work, the effect of exopolysaccharides (EPSs) produced by lactic acid bacteria from
different genera on the structural and functional characteristics of cells and the development
of adenoviral infection in vitro was studied. Materials and Methods: Cytotoxicity of six EPSs of
lactic acid bacteria of the genera Lactobacillus, Leuconostoc and Pediococcus was determined by MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay. The influence of the EPSs
on the infectivity of human adenovirus type 5 (HAdV-5) and on the cell cycle under a condition
of adenovirus infection was studied using plaque reduction assay and flow cytometric analysis,
respectively. Results: It was shown that exopolysaccharides were non-toxic to Madin-Darby bovine
kidney cells (MDBK) as they reduced their viability by 3–17%. A change in the distribution of the
cell cycle phases in the non-infected cell population treated with EPSs was observed. The analysis
demonstrated an increase in the number of cells in the S phase by 47% when using EPSs 15a and
a decrease in the number of cells in the G1 phase by 20–27% when treated with the EPSs 15a, 33a,
and 19s. The use of EPSs did not led to the normalization of the life cycle of HAdV-5 infected cells
to the level of non-infected cells. The EPSs showed low virucidal activity and reduced the HAdV-5
infectivity to 85%. Among the studied exopolysaccharides, anti-adenovirus activity was found for
EPS 26a that is produced by Lactobacillus spp. strain. The treatment of cells with the EPS following
virus adsorption completely (100%) suppressed the formation and release of HAdV-5 infectious.
Conclusions: EPS 26a possessed distinct anti-HAdV-5 activity and the obtained data demonstrate the
potential of using exopolysaccharides as anti-adenoviral agents.

Keywords: exopolysaccharides; lactic acid bacteria; human adenovirus type 5; antiviral activity;
cell cycle

1. Introduction

Despite successes of vaccination, chemoprevention, and chemotherapy of human respiratory viral
infections, these diseases still are one of the leading causes of human infectious disorders. Adenoviruses
cause keratoconjunctivitis, as well as respiratory, urogenital and intestinal tract infectious diseases.
In addition, adenoviruses may persist in the lymphoid tissue of the tonsils and adenoids for a long
time, causing upper respiratory tract infections in adults [1,2].

Various compounds have been found to be effective against adenoviruses. Anti-adenoviral
activity was shown in vitro for nucleotide analogs [3,4]. Ribavirin, which affects many DNA and
RNA-containing viruses, was found to be effective, partially effective, or not effective against adenoviral
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infection. Ganciclovir, which is efficient against cytomegalovirus infection, is effective against
adenoviruses both in vitro and in vivo [5]. Cidofovir, which is characterized by a broad spectrum of
antiviral activity, is used for the treatment of severe adenoviral infections [6]. Ribavirin, ganciclovir, and
cidofovir are more or less successfully used for the treatment of severe human adenoviral pathologies,
including hepatitis, cystitis, and pneumonia in immunocompromised organ transplant recipients [7,8].
At the same time, apparent adverse effects and the ability of adenoviruses to form resistant strains
limit the use of these drugs [9]. Some chemically distinct compounds, including lipids, acridones, and
imidazoquinolinamines, as well as other analogs of nucleosides, also show anti-adenoviral activity.
Virus reproduction in cell cultures may be inhibited by high concentrations of green tea catechins [10].
Interferon drugs used to treat respiratory infections are most useful for prevention and cannot be
considered as the primary medications for the treatment of severe infection. As adenoviruses have
effective mechanisms that suppress the interferon-induced antiviral cascade, they are resistant to the
action of interferon and its inducers [11].

Therefore, the development of new antiviral drugs that would be effective against adenoviruses
without adverse effects, for a wide range of patients, including long-term users, is very urgent.

Currently, the use of probiotic antagonist microorganisms and their metabolic products represents
a promising approach for the treatment of viral diseases [12]. Lactic acid bacteria (LAB), which can be
found in the microbiota of the mucous membranes of the nose and mouth, and the gastrointestinal and
urinary tracts, have a positive effect on these ecosystems as they stimulate the immune system and
increase resistance to infections of bacterial and viral origin. LAB are the sources of multiple biologically
active substances that vary in chemical structure and action spectrum [13]. During metabolic processes,
lactic acid bacteria produce vital substances, including vitamins, amino acids, enzymes, fatty acids,
exopolysaccharides, lactic acid, bacteriocins, and hydrogen peroxide, and significantly improve the
intestinal absorption of micro- and macro-elements essential for the organism. It was also shown
that exopolysaccharides that are secreted during the cultivation of LAB, in addition to their probiotic
activity, can act selectively on pathogenic microbes and viruses without significant disturbances of
the microbiocenosis and the development of inflammatory processes that occur during the use of
broad-spectrum antibiotics and chemical antiviral agents [14]. As a result, exopolysaccharides can be
used as a base for the production of harmless, non-toxic and acellular probiotic products and drugs
that have a targeted therapeutic effect.

The present study aimed to investigate the antiviral activity of exopolysaccharides produced by
lactic acid bacteria of the genera Pediococcus, Leuconostoc and Lactobacillus against human adenovirus
type 5.

2. Materials and Methods

2.1. Virus and Cell Culture

In this study MDBK cells were obtained from the tissue culture collection of the Institute of
Virology of the Bulgarian Academy of Sciences (Sofia, Bulgaria) and HAdV-5 was obtained from the
collection of the Institute of Microbiology of the Budapest University of Medical Sciences (Budapest,
Hungary) and propagated in HEp-2 (ATCC CCL-23) cells.

MDBK cells were maintained in sterile plastic falcon ® (Sarstedt AG & Co. KG, Nümbrecht,
Germany) in a growth medium composed of 45% DMEM (Sigma-Aldrich, St. Louis, MO, USA), 45%
RPMI 1640 (Sigma-Aldrich, St. Louis, MO, USA) and 10% fetal bovine serum (FBS, Sigma-Aldrich, St.
Louis, MO, USA) heat inactivated at 56 ◦C with antibiotics penicillin (Sigma-Aldrich, St. Louis, MO,
USA) and streptomycin (100 μg/mL) (Sigma-Aldrich, St. Louis, MO, USA).

Cultivation, purification, and preservation of HAdV-5 were performed according to the standard
method [15]. The infectious titer of the virus in MDBK cell culture was 7.0 × 107 PFU/mL.
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2.2. Tested Substances

Exopolysaccharides (EPSs) produced by lactic acid bacteria of the genera Pediococcus, Leuconostoc
and Lactobacillus were extracted, purified and accumulated by the researchers from the Department
of Physiology of Industrial Microorganisms at the Zabolotny Institute of Microbiology and Virology
National Academy of Sciences of Ukraine (Table 1) [16,17]. Ribavirin (Rib) (Sigma-Aldrich, St. Louis,
MO, USA) was used as a reference compound.

Table 1. Sources used to extract exopolysaccharides (EPSs) and genera of lactic acid bacteria (LAB)
producing respective EPS.

EPS Source of Extracted EPS Genus of Lactic Acid Bacteria

6a pickled apples Pediococcus sp.
48a pickled apples Leuconostoc sp.
2t pickled tomato juice Leuconostoc sp.

19s sauerkraut Leuconostoc sp.
6s sauerkraut Leuconostoc sp.

26a pickled apples Lactobacillus sp.

2.3. Cytotoxicity Assays

MTT-assay was used for the analysis of cell viability [18]. After 24 h of growth in growth medium,
monolayers of MDBK cells in 96-multiwell plates were incubated with EPS at the concentrations of 375,
750 and 1500 μg/mL. Control cells were incubated with fresh medium lacking EPS for 72 h. A total of
20 μL of MTT solution 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (Sigma-Aldrich,
St. Louis, MO, USA) was added into wells and cells were incubated at 37 ◦C and 5% CO2 for 3–4 h,
then the medium was removed and 150 μL of 96% ethanol was added. The plates were read using a
Multiskan FC (Thermo Scientific, Waltham, MA, USA) with a 538-nm test wavelength.

Percentage decrease of cell viability under the condition of EPS action was calculated by the
following formula:

% decrease of cell viability = 100 − (A/B × 100) (1)

where A is the mean optical density of the studied samples at a certain concentration, and B is the
mean optical density of the control cell samples.

EPS concentration at which cell viability was inhibited by 50% (CC50) was estimated in comparison
to the control cells not treated with EPS.

2.4. Cell Cycle Analysis by Flow Cytometry

MDBK cells infected with adenovirus (treated and not treated with the EPSs) were fixed in 96%
ice-cold ethanol for 1 h, resuspended in 500 mL solution of phosphate-buffered saline (Sigma-Aldrich,
St. Louis, MO, USA) that contained RNAse (100 μg/mL) (AppliChem GmbH, Darmstadt, Germany)
and propidium iodide (PI) (50 μg/mL) (Sigma-Aldrich, St. Louis, MO, USA), and incubated at room
temperate in a dark place for 1 h [19]. The cell fluorescence intensity was measured by a flow cytometer
(Beckman Coulter Epics LX, Minneapolis, MN, USA) with a laser wavelength of 488 nm. A total of
20,000 cells were sorted per sample. Cell cycle profiles were analyzed with the program Flowing
Software, v. 2.5 (Cell Imaging Core, Finland).

2.5. Antiviral Assay

To investigate the best order of EPSs’ antiviral effects, three experimental procedures were used
as follows:
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2.5.1. Pre-Treatment of Cells with EPSs

To MDBK cells were added 100 μL of EPSs at the concentrations of 20, 100 and 500 μg/mL, which
were then incubated at 37 ◦C for 24 h. Then, cells were infected with HAdV-5 (the multiplicity of the
infection (MOI) of 7 PFU per cell). After 1.5 h, the virus-containing medium was removed, and 200 μL
of serum-free medium was added.

2.5.2. Co-Incubation of EPSs and HAdV-5

Adenovirus (MOI 70 PFU/cell) was mixed with an equal volume of EPS at a concentration of
1500 μg/mL and incubated at 37 ◦C for 3 h. The MDBK cell monolayer was infected with 50 μL per
well of suspension of EPS-HAdV-5 of the appropriate dilution. Following the virus adsorption that
was carried out at 37 ◦C for 1.5 h, the virus-containing material was removed, and 200 μL of serum-free
medium was added.

2.5.3. EPSs Were Added Post-Infection

The MDBK cells were first infected with HAdV-5 at 50 μL/well (MOI 3.5 PFU/cell), and the virus
was adsorbed at 37 ◦C for 1.5 h. Then, the virus was removed, and the growth medium with the
appropriate EPSs concentration was added (20, 100 and 500 μg/mL).

Plates with cells were kept at 5% CO2 at 37 ◦C until a visible cytopathic effect of adenovirus
appeared (3–5 days), and the virus material was selected for further investigation of the virus titer.
Non-treated cells and cells treated with HAdV-5 served as controls.

2.6. Virus Titration

The titer of the virus was determined by the plaque method, based on the formation of necrotic
sites in the infected cells due to the reproduction of the virus. Cells were grown in a 24-well plate (TPP,
Trasadingen, Switzerland) to form a 100% monolayer and were infected with serial ten-fold diluted
lysates of cells previously infected with adenovirus (untreated or treated with different concentrations
of EPSs) at 0.3 mL per well and incubated for 1.5 h at 37 ◦C at 5% CO2. After adsorption of the virus,
the medium was removed, and the cells were covered with 1% methylcellulose (Sigma-Aldrich, St.
Louis, MO, USA), DMEM medium (Sigma-Aldrich, St. Louis, MO, USA) and 2% fetal bovine serum
(Sigma-Aldrich, St. Louis, MO, USA). Cells were incubated at 37 ◦C at 5% CO2 for 5 days. Next, the
cover was removed and 200 μL of 0.2% crystal violet (Sigma-Aldrich, St. Louis, MO, USA) in 20%
ethanol was added to the cell monolayer [20,21]. The titer of the virus was determined by the highest
dilution of the virus in which the virus-induced plaques were formed according to the formula:

Virus titer PFU/mL = A/(B × C) (2)

where A is the number of plaques, B is the dilution of the virus, and C is the volume of the inoculum.
The antiviral activity of EPSs was determined using the following formula:

% inhibition = (1 − Virus titer (experiment)/virus titer (control)) × 100% (3)

A decrease in the infectious titer of the virus by 2 lg or more (or 99% or more), compared with
the control, indicates significant activity of the compound against the virus, 97–99% demonstrates a
moderate effect and less than 97% shows a relative activity [22].

2.7. Statistical Analysis

Statistical data processing was performed according to standard approaches for calculating
statistical errors (standard deviation) using Microsoft Excel 2010. The results were expressed as mean
± S.D. for three independent experiments. The Student’s t-test (unpaired, two-sided t-test) was used
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to evaluate the difference between the test sample and control. A p value of <0.05 was considered
statistically significant.

3. Results

3.1. The Effect of Lactic Acid Bacteria Exopolysaccarides on Viability and Mitotic Activity of MDBK Cells

The issue of directed inhibition of the reproduction of infectious disease pathogens requires a
search for medicines that are characterized by low toxicity and a broad spectrum of antiviral activity.
As viruses are intracellular parasites, selective suppression of virus reproduction without adverse
effect on the viability of host cells is one of the requirements for antiviral inhibitors.

MTT analysis is one of the most simple and available methods for the estimation of cytotoxicity.
The technique enables the identification of the negative impact of EPSs on the viability of cells and the
functional activity of mitochondria (Figure 1).

Figure 1. Cytotoxicity of exopolysaccharides in MDBK cells. Serial three-fold dilutions of EPSs
in DMEM-RPMI medium were added onto the monolayer of MDBK in a 96-well plate for 72 h at
37 ◦C. Cell viability effect was determined by MTT assay. Values represent the mean ± S.D. for three
independent experiments.

It was found that EPSs at a concentration of 375–1500 μg/mL were not toxic for MDBK cells, as
they suppressed their viability only by 3–17%, whereas the CC50 value was significantly higher than
1500 μg/mL. The CC50 value for referent compound Ribavirin was 400 μg/mL.

As toxic compounds often cause the termination of cell growth and proliferation, the effect of EPSs
on the MDBK cell populations was studied. Cells were fixed and dyed with fluorochrome propidium
iodide and analyzed using flow cytometry. The approach allowed the estimation of the distribution
of cells by their structure and cell cycle phases, as well as the identification of apoptotic cells, as the
propidium iodide signal is directly proportional to DNA content.

As can be seen from cell cycle profiles (Figure 2A) based on the distribution of cells according to
the structure and cell cycle phase, the histograms of EPS-treated and control MDBK cells are similar
but not identical. It was revealed that after 48 h of growth, 50% of control MDBK cells remained in the
G1 phase, 16% were in the S phase, and 13% were in the G2/M phases (Figure 2B).
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Figure 2. Influence of the EPSs on the cell cycle of the MDBK cells. (A) Cell cycle profiles of the control
cells and EPS-treated cells (concentration of exopolysaccharides and ribavirin are 1500 and 125 μg/mL,
respectively). (B) Cell cycle features after treatment with the EPSs were measured by flow cytometry
following cell fixation and propidium iodide staining. Cell cycle profiles were analyzed with the
Flowing Software, version 2.5. Results corresponding to the percentage of cells in G1, S, and G2/M
phases of three independent experiments are presented as mean ± S.D. * Significant difference between
test sample and control cells (p < 0.05).

Under the conditions of the compound treatment, the distribution of cells in G1 and G2/M phases
was similar to control cells. However, compared to control cells, EPSs 48a and 19s decreased the
number of cells in the G1 phase up to 16%, whereas EPSs 6a, 48a, and 6s increased the number of cells
in the G2/M phase by 11–42%.
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3.2. Anti-Adenoviral Activity of EPSs

The anti-HAdV-5 activity of EPSs (in non-toxic concentrations) was confirmed by measuring virus
yield synthesized de novo using a plaque reduction assay.

Analysis of the antiviral activity of EPSs added to MDBK cells 24 h before adenovirus
infection demonstrated that only EPSs 48a, 26a and 6s showed low antiviral activity, reducing
virus reproduction by 23–67% (Figure 3), indicating the inefficiency of EPS use according to the
suggested treatment approach.

Figure 3. Effect of EPSs on infectivity of adenoviral offspring: the results of the analysis of the
EPS-mediated antiviral effect for pre-treatment of cells with EPSs. Results are presented as percentage
of infectious virus titer reduction and are the mean of three independent experiments.

It was found that EPS showed weak virucidal activity decreasing the infectious titer of HAdV-5 by
3–85%, whereas incubation of the virus with EPS 6a increased HAdV-5 reproduction by 15% (Figure 4).

Figure 4. Influence of EPSs on the formation of infectious progeny of adenovirus. The results of the
analysis of the EPS-mediated antiviral effect for co-incubation of EPSs (concentration 1500 μg/mL) and
HAdV-5. Results are presented as percentage of infectious virus titer reduction and are the mean of
three independent experiments.

Using EPSs at late stages of adenovirus reproduction and immediately after virus adsorption, it
was found that only EPS 26a shows apparent anti-HAdV-5 activity. At the concentrations of 20 and
100 μg/mL, the EPS absolutely blocked the synthesis of viral progeny (Figure 5). Other EPSs used in
the analyzed concentrations reduced the infectious titer of the virus by 18–93%. The use of Ribavirin at
concentrations of 32–125 μg/mL after infection of the cells with adenovirus resulted in a decrease in
HAdV-5 reproduction by 96.3–99.8% (data not shown).
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Figure 5. Effect of EPSs on adenovirus reproduction: the results of the analysis of the antiviral activity
of EPSs added after infection. Results are presented as percentage of infectious virus titer reduction
and are the mean of three independent experiments.

Virus infection frequently results in the disturbance of key cellular processes within the host cell.
The subversion of cell cycle pathways is a well-established mechanism by which viruses create the
most suitable environment for their replication [23]. Notably, the induction of the S-phase is either
mandatory or at least advantageous for lytic replication of a number of viruses. Adenoviral infection
has been reported to have effects on the cell cycle. It is well-known that adenoviral E1 gene products
interact with pRb (retinoblastoma protein), causing the release of E2F transcription factor, which
potentiates transition from the G1 to the S phase, in which productivity is greatest. HAdV infection of
a range of epithelial cell lines, including a primary cell line, causes G2 phase synchronization and cell
cycle arrest [24,25]. This synchronization in the G2 phase may be a significant factor contributing to
the cell-size increase [25]. Therefore, the influence of EPSs on the cell cycle under the conditions of
adenovirus infection was analyzed using flow cytometric analysis.

Significant changes in the cell cycle of cells infected with HAdV-5 compared to non-infected cells
were revealed. In particular, the number of cells in the G1 phase decreased by 67%, whereas the
number of cells in the S phase is doubled (Figure 6). The reduction of the cell population in G1 phases
demonstrated the suppression of the transition of cells through the mitotic phase. As infected cells
enter the S phase and the G2/M phase is blocked, cells produce viral DNA, late viral proteins and
virions. Further, these cells are destroyed and detach from the monolayer.

Figure 6. Influence of the EPSs on the cell cycle of the MDBK in the presence of adenovirus infection.
The cells’ fluorescence intensity was measured by a flow cytometer (Beckman Coulter Epics LX, MN,
USA) with laser wavelength 488 nm. Cell cycle profiles were analyzed with the program Flowing
Software, version 2.5. Results corresponding to the percentage of cells in the G1, S, and G2/M phases
of three independent experiments are presented as mean ± S.D. * Significant difference between test
sample and control of infected cells (p < 0.05). ** Significant difference between a control of infected
cells and control cells (p < 0.05).
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It was found that after the treatment of cells infected with adenovirus using exopolysaccharides,
the distribution of cells in cell cycle phases was similar to the distribution of cells infected with
adenovirus, demonstrating the inefficiency of the exopolysaccharide treatment (data not shown).
A decrease in the number of cells in the S phase by 5–33% compared with the distribution of infected
cells was observed. However, there was no increase in the number of cells in the G1 phase, indicating
continued blocking of the mitotic phase of the cell cycle due to viral infection. Only the use of EPS
48a at a concentration of 100 and 20 μg/mL resulted in a significant increase in the number of cells in
the G1 phase (1.5–2 times) compared with infected cells, and a decrease in the number of cells in the
synthetic phase by 18–29%, indicating normalization of the cell cycle of infected cells to the level of
uninfected cells (Figure 6).

4. Discussion

In recent years, there has been a tendency to use LAB exopolysaccharides for the treatment
of infections of the respiratory tract, gastrointestinal tract, and urinary system, as well as cancer,
allergic diseases, and viral infections [26]. However, despite the wide range of applications of lactic
acid bacteria exopolysaccharides, their role in living organisms and their biological activities are
not fully understood. The production of exopolysaccharides (EPS) by lactic acid bacteria (LAB) has
been intensively studied, and a significant amount of data describing their composition, structure,
and properties have been accumulated. EPS producing strains were found among representatives
of the genera Streptococcus, Lactococcus, Lactobacillus, Leuconostoc, Pediococcus, and Weissella. LAB
exopolysaccharides have unique physical and rheological properties. As a result, they are used in
the food industry as binding, stabilizing, and gel-forming agents, specifically in the production of
dairy products. In recent years, much attention has been paid to the study of the biological activity
of EPSs. In particular, it was shown that they have immunostimulating, antitumor, and antioxidant
qualities. Since the biological activity of EPSs is strain-specific, the search for new strain-producers
among LAB representatives found in the natural microbiota of fermented products is of great interest.
Strains producing EPSs, especially in high amounts, are important for improving the rheological
properties of the product and may possess possible health-improving effects for the human body.
Previously, searches for LAB strains producing exopolysaccharides were performed. The isolates of
LAB present in traditional fermented milk products, fermented fruits and vegetables were analyzed.
Most EPS producers were found among representatives of the genera Lactobacillus, Leuconostoc and
Pediococcus isolated from pickled apples, pickled tomato juice, and sauerkraut. Therefore, the biological
activity of these EPSs was analyzed in the current work. In the preclinical study of potential drugs,
the first step is associated with the assessment of the compound’s toxicity for cell culture (namely,
the study of the effect of different concentrations on the structural and functional properties of the
cells). It should be noted that most toxic agents act on the cell by interfering with the molecular
mechanisms of homeostasis. This action can be expressed in a whole set of effects, which include
changes in the fundamental cellular reactions, leading to destructive effects. We have studied the
impact of EPSs extracted from lactic acid bacteria of the genera Pediococcus, Leuconostoc and Lactobacillus
on the growth and division of MDBK cells sensitive to adenovirus. It was identified that EPSs in the
studied concentrations are not toxic to MDBK cells, since they reduce cell viability only up to 17%. Also,
the analysis of the effect of the highest EPS concentration on the cell cycle of MDBK cells showed the
absence of significant changes in the distribution of the cell population in the G1, S and G2/M phases
of the cycle. The obtained data allowed the use of all EPSs for the study of their antiviral potential. It is
known that bacterial exopolysaccharides show significant antiviral activity due to the degradation
of the viral particles, a decrease in the titer of viruses, the blocking of viral DNA replication, and
the release of the infectious virus particle. However, the antiviral potential of these drugs has not
been studied sufficiently. As a result, to investigate and exhibit EPS-mediated anti-adenoviral activity
and to determine the stage of viral reproduction inhibited by EPS, various EPS treatment schemes
were used in the work. Based on three different treatments, the results suggested that EPSs have a

29



Medicina 2019, 55, 519

specific inhibitory effect on HAdV-5. The EPSs showed low virucidal activity and reduced HAdV-5
infectivity up to 85%. In most cases, neither pre-treatment resulted in a significant inactivation of
virion infectivity. The inhibitory effects were observed only when EPSs were added to cells at the end
of the virus adsorption period. However, only EPS 26a (produced by Lactobacillus sp.) reduced the titer
of the virus obtained de novo and inhibited HAdV-5 plaque formation by 100%.

Currently, several possible mechanisms of the influence of lactic acid bacteria and their metabolites
on the development of viral infection have been identified: i) inhibition of virus adsorption and
penetration into cells as a result of direct bacterium/metabolite-virus interaction; ii) inhibition of late
stages of viral reproduction and reduction of their infectivity; and, iii) stimulation of the immune
system [26]. As a result, it was shown that probiotics can "capture" the virus of vesicular stomatitis
(VSV) by direct interaction between LAB cells (L. paracasei A14, L. paracasei F19, L. paracasei/rhamnosus Q8,
L. plantarum M1.1 and L. reuteri DSM12246) and the lipid envelope of the VSV, which leads to blocking
of the virus adsorption on the cell. Similar data were shown for E. faecium NCIMB 10415 against
influenza viruses and L. gasseri CMUL57 isolated from vaginal microbiota against the herpes simplex
virus type 2 (HSV-2). The probiotics of lactic acid bacteria Lactobacillus and their exopolysaccharides can
stimulate the synthesis and accumulation of interleukin 12 to enhance the activity of natural killer cells
and the synthesis of IgA in the spleen. Such activation of Th1 immune responses and the production of
IgA determine their action against influenza [27]. In addition to direct interaction between viruses
and LAB, bacteria synthesize some metabolites with antiviral activity. As a result, hydrogen peroxide,
which is produced by Lactobacillus sp., plays an essential role as a natural microbocide within the
vaginal ecosystem and is toxic to human immunodeficiency virus type 1 (HIV-1) and HSV-2. Lactic acid,
which is the final product of carbohydrate metabolism and is synthesized by all types of lactobacilli,
is essential for maintaining the required pH of the genital organs, since it is known that the acidic
pH of the environment inactivates HIV, and HSV-1 and -2. It has been revealed that lactobacilli can
produce compounds that inhibit replication of the viruses. The L. brevis cell wall inhibits the replication
of HSV-2 DNA in cell culture, while the acidic products of the Lactobacillus metabolism inhibit the
activation of T-lymphocytes, leading to a decrease in the sensitivity of lymphocytes to HIV infection,
which is especially important for mixed HIV–HSV infections [28]. It has been established that some
types of bacteriocins and exopolysaccharides have an apparent virucidal effect on influenza, HSV-1
and -2, HIV and Newcastle disease.

The characteristic changes in DNA synthesis and content induced by HAdV-5 infection allow
the use of flow cytometry to detect not only viral infection but also potential antiviral activities [25].
The influence of the EPSs on the cell cycle under a condition of adenovirus infection was studied
using flow cytometric analysis of propidium iodide-stained cells. The use of EPSs did not lead to the
normalization of the life cycle of HAdV-5 infected cells to the level of non-infected cells, as the number
of cells in the S phase was not decreased significantly (except EPS 48a) and there was no transition of
cells into the G1 phase, which indicates the blocking of the mitosis in infected cells.

Taken together, our data suggested that exopolysaccharides produced by LAB strains exhibited
anti-HAdV-5 activity in vitro. Among the six used strains, one LAB strain (Lactobacillus sp.), which
produced EPS 26a suppressing the yield of virus particles, was selected. Furthermore, this strain is
interesting as potential probiotic or starter, whereas the in-depth investigation of the functional and
technological properties, EPSs monosaccharide composition and structure are currently studied.

5. Conclusions

In summary, the EPS 26a produced by Lactobacillus sp. possessed significant anti-HAdV-5 activity,
based on the obstruction of HAdV-5 reproduction, inducing the formation of non-infectious virus
progeny. Thus, this LAB strain is a promising producer of EPS with antiviral activity against HAdV-5.
However, further investigation is needed to explore the antiviral mechanism of such an EPS in detail.
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Abstract: Background and objectives: Human papillomavirus (HPV) is the most prevalent etiological
agent of viral sexually-transmitted infection. This study retrospectively evaluated the impact
of a switch to a real-time PCR assay in the HPV prevalence and genotypes distribution by a
quasi-experimental before-and-after approach. Materials and Methods: In total, 1742 samples
collected from 1433 patients were analyzed at the UOC Microbiology and Virology of Policlinico
of Bari, Italy. HPV DNA detection was performed using initially nested PCR and subsequently
multiplex real-time PCR assay. Results: Statistically significant difference in HPV overall prevalence
after the introduction of the real-time assay was not detected (48.97% vs. 50.62%). According to
different extraction-DNA amplification methods, differences were observed in the prevalence rates of
HPV-45, 68, 40, 42, and 43. The lowest prevalence for HPV-45 was observed in the Magna Pure-Real
Time PCR group, while HPV-68, 40, 42, and 43 were less observed in the Qiagen-Real Time PCR group.
After, a multivariate logistic regression, an increase in the prevalence of HPV-42 (aOR: 4.08, 95% CI:
1.71–9.73) was associated with the multiplex real-time PCR assay. Conclusions: Although this study
is a not a direct comparison between two diagnostic methods because it has a sequential structure, it
serves to verify the impact of a new molecular assay on HPV distribution. Moreover, the stability of
HPV prevalence over time suggests that the population composition and the behavioral variables
did not likely change during the observation period. Our study proposes that the introduction of a
molecular test for HPV detection may be related to changes of HPV genotypes distribution.

Keywords: HPV; sexually transmitted diseases (STDs); laboratory methods; PCR; genotypes;
surveillance; epidemiology

1. Introduction

Human papillomavirus (HPV) is still the most prevalent viral sexually-transmitted infection
either in men or women. Clinically, it is characterized by a wide spectrum of manifestations, including
premalignant lesions that regress spontaneously and malignant lesions evolving to cervical cancer
(CC) [1].

Medicina 2019, 55, 418; doi:10.3390/medicina55080418 www.mdpi.com/journal/medicina33



Medicina 2019, 55, 418

Worldwide, although cervical screening programs have contributed to a decrease in the incidence,
CC continues to be the second most common cancer among women, with an estimated 266,000 deaths
for year [2].

Nevertheless, the use of combined tests to detect the presence of HPV DNA together with
conventional cytology examination has been shown to greatly improve the ability to detect the
pre-cancerous states [3,4]. Nowadays, with the aim of detecting HPV DNA a wide variety of laboratory
diagnostic methods characterized by different grade of sensitivity and specificity are developed [5–8].

Until a few years ago, PCR followed by the nucleic acid hybridization techniques were used to
detect HPV genotypes. When compared to conventional cytology, these techniques provided more
detailed information regarding HPV genotypes [9].

Afterwards, for HPV diagnosis real-time PCR techniques were introduced. Their performance
has significantly improved both the hands-on time and decreased contamination rates.

This study covers three years of routine diagnostic data on HPV DNA and aims to retrospectively
evaluate the impact on HPV prevalence and HPV genotypes distribution of a switch from a nested-based
PCR to a real-time based PCR on genital samples collected from patients in the Apulia region. To address
this issue, a quasi-experimental approach for evaluating the effect of the real-time based PCR on the
HPV prevalence and the prevalence of the single viral genotypes was based on the application of
multiple logistic regression.

2. Materials and Methods

2.1. Clinical HPV Isolates and Patient Population Characteristics

From January 2012 to December 2014, 1742 consecutive samples, including 1605 cervico-vaginal
swabs from 1328 females and 137 urethral swabs from 105 males were collected. Multi samples for
some patients were due to retesting in different times.

Specimens were transferred to the laboratory of Molecular Biology, U.O.C. Microbiology and
Virology, Azienda Ospedaliera-Universitaria, Policlinico of Bari, where they were analyzed.

All procedures performed in studies involving human participants were in accordance with the
ethical standards.

Sample information (date of sampling, ward, type of specimen, testing results) together with the
data of patients for whom molecular testing was performed (i.e., age and sex) were recorded in an
anonymous database by changing sensitive data into alphanumeric codes. No clinical data associated
with these specimens were available.

All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. For this type of study, formal
consent is not required. This study was approved by Ethics Committee (No. 5481, 13 December 2017)
Azienda Ospedaliero-Universitaria “Consorziale Policlinico,” Bari.

2.2. Treatment of Samples

A total of 2 mL of phosphate-buffered saline (pH 7.4) (Sigma-Aldrich, Milano, Italy) was added to
cervical-vaginal swabs, collected by a rigid cotton-tipped swab applicator (Nuova Aptaca, Cannelli,
Italy), and vortexed. Then, 1 mL of phosphate buffered saline (Sigma, Milano, Italy) was added to
urethral swabs and vortexed. Finally, all samples were transferred to microcentrifuge tubes and they
were stored at −20 ◦C until processing. To extract viral nucleic acids, microcentrifuge tubes were
centrifuged at rcf = 15,700× g for 15 min at 7 ◦C. The majority of supernatant was discarded but 200 μL
of supernatant was retained to resuspend the pellet.
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2.3. DNA Isolation (QIAcube System vs. MagNa Pure 96 System)

From January 2012 to December 2013, DNA extraction was performed by automated QIAcube
System (Qiagen, Hilden, Germany), following the manufacturer’s protocols.

From January 2014 to December 2014, the vilrral nucleic acids were extracted from the resuspended
pellet using the automated MagNa Pure 96 system (Roche Diagnostics GmbH, Mennheim, Germany)
according to the manufacturer’s instructions.

2.4. DNA Amplification (Nested-PCR vs. Multiplex Real-Time PCR)

From January 2012 to June 2013, the extracted DNA samples were subject to a nested polymerase
chain reaction (PCR) amplification, using Ampliquality HPV-HS Bio Kit (AB Analitica, Padova, Italy)
following the manufacturer’s instructions.

The method provides for a first amplification of the viral genome L1 region, followed by a nested
PCR with biotinylated primers. PCR products were analyzed using 3% agarose gel electrophoresis with
ethidium bromide to display DNA under ultraviolet light. Subsequently, PCR products were typed by
using Reverse Line Blot Hybridization Ampliquality HPV-Type Kit (AB Analitica, Padova, Italy).

To assess the suitability of extracted DNA, the thiosulfate sulfurtransferase (TST) gene region
(202 bp) was amplified at the first amplification.

From July 2013 to December 2014, the extracted DNA samples were subject to multiplex real-time
PCR (mRT-PCR) by AnyplexTM II HPV 28 Detection System (Seegene, Seoul, Korea), which targets
the viral L1 region and provides simultaneous detection and genotyping of 28 HPV-types. Briefly,
the detection consists of two PCR reactions (panel A and B). The panel A includes 14 high-risk HPV
(HR/HPV)-types, while the panel B includes 5 HR and 9 low-risk (LR)-types. PCR was performed on
the CFX96 Real-Time PCR system (Bio-Rad, Hercules, CA, USA).

2.5. Statistical Analysis

Differences in HPV prevalence were evaluated by Chi-Squared test and Fisher’s test as appropriate.
p-values were corrected by Benjamini and Hochberg’s (BH) procedure with False Discovery Rate (FDR)
<1% [10]. Pairwise comparison was performed on each statistically significant combination group of
extraction and amplification methods by Fisher’s test and BH’s correction with FDR <1%.

To assess the association of the real-time assay on the prevalence of the HPV overall infection
and the prevalence of each HPV genotype (dependent variables) on the analyzed samples (samples
dataset), logistic regression analysis was performed. Due to the lack of birth date for 102 patients,
missing ages were imputed by multiple imputation by fully conditional specification implemented in
the Multivariate Imputation by Chained Equations (MICE) package implemented in the environment R.
A predictive mean matching imputation model was specified on the assumption of missing at random
ages and the number of iterations was set to 20. In particular, 50 imputed data sets were generated.
For each dataset, a logistic regression model was generated, and the 50 models were pooled together
by the function pool of the package mice. Globally, 27 logistic regression models were evaluated.
All p-values collected from the logistic regression models were corrected for multiple comparisons by
BH procedure with FDR < 1%.

Logistic regression analysis is based on the assumption of independence of the variables. To verify
this assumption, a reduced dataset only containing the first sample for each patient (patient dataset)
was generated and all analyses were repeated on it. Odds ratio estimations of the logistic regression
models based on the samples and the patients’ datasets were compared.

Calculations of all statistical tests were performed by the open source environment R [11].
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3. Results

From 1 January 2012 to 31 December 2014, 1742 samples (1605 cervical-vaginal and 137 urethral
swabs) from 1433 patients (1328 female and 105 male patients, Female to Male ratio= 12.64) were analyzed.

During the observation period, the number of analyzed samples increased with time from a
minimum value of 306 in 2012 to an intermediate value of 666 and to a maximum value of 770 in 2014.
Moreover, after the introduction of the real-time assay an increase of analyzed cervico-vaginal swabs
(87.66% vs. 94.12%) and a percentage decrease of urethral swabs (12.34% vs. 5.88%) was observed.

From January 2012 to the end of June 2013, 535 samples were extracted by QIAcube System
(Qiagen, Hilden, Germany) followed by a nested-PCR technique. From July 2013 to the end of
December 2013, 437 specimens were extracted by QIAcube followed by mRT-PCR. From January to
December 2014, 770 samples were extracted by MagNa Pure 96 system (Roche) and amplified by
mRT-PCR. The HPV prevalence in the three groups was 48.97% (262), 49.65% (217), and 51.16% (394),
respectively (Chi-Squared test p-value = 0.719).

After stratification for the three extraction-amplification combinations, significant differences in
HPV types prevalence rates were observed for HPV-45, 68, 40, 42, and 43. In particular, the lowest
prevalence for HPV-45 was observed in the Magna Pure-Real Time PCR group (0.00%) while HPV-68,
40, 42, and 43 were less observed in the Qiagen-Real Time PCR group (0.37%, 0.00%, 2.06%, and 0.00%,
respectively) (Table 1).

Table 1. Human papillomavirus (HPV) genotype prevalence in the three different combination groups
of extraction and amplification methods.

HPV
Genotype

QIAcube-Nested
PCR n, (%)

QIAcube-Real
Time PCR n, (%)

Magna Pure-Real
Time PCR n, (%)

p-Value BH-Correction

HPV-16 64 (8.31%) 55 (10.28%) 47 (10.76%) 0.29 NS
HPV-18 21 (2.73%) 10 (1.87%) 9 (2.06%) 0.58 NS
HPV-31 68 (8.83%) 36 (6.73%) 25 (5.72%) 0.11 NS
HPV-33 16 (2.08%) 10 (1.87%) 7 (1.60%) 0.85 NS
HPV-35 10 (1.30%) 7 (1.31%) 6 (1.37%) 1.00 NS
HPV-39 20 (2.60%) 6 (1.12%) 11 (2.52%) 0.14 NS
HPV-45 10 (1.30%) 16 (2.99%) 0 (0.00%) <0.01 S
HPV-51 30 (3.90%) 7 (1.31%) 17 (3.89%) 0.01 NS
HPV-52 19 (2.47%) 10 (1.87%) 10 (2.29%) 0.80 NS
HPV-53 70 (9.09%) 26 (4.86%) 34 (7.78%) 0.01 NS
HPV-56 31 (4.03%) 14 (2.62%) 13 (2.97%) 0.36 NS
HPV-58 30 (3.90%) 24 (4.49%) 15 (3.43%) 0.72 NS
HPV-59 21 (2.73%) 8 (1.50%) 11 (2.52%) 0.33 NS
HPV-66 30 (5.32%) 2 (3.18%) 14 (4.81%) 0.17 NS
HPV-68 30 (3.90%) 2 (0.37%) 14 (3.20%) <0.01 S
HPV-73 22 (82.86%) 20 (3.74%) 15 (3.43%) 0.66 NS
HPV-82 3 (0.39%) 3 (0.56%) 3 (0.69%) 0.76 NS
HPV-6 46 85.97%) 25 (4.67%) 16 (3.66%) 0.20 NS
HPV-11 18 (2.34%) 7 (1.31%) 2 (0.46%) 0.03 NS
HPV-40 16 (2.08%) 0 (0.00%) 8 (1.83%) <0.01 S
HPV-42 102 (13.25%) 11 (2.06%) 46 (10.53%) <0.01 S
HPV-43 14 (1.82%) 0 (0.00%) 4 (0.92%) <0.01 S
HPV-44 19 (2.47%) 3 (0.56%) 10 (2.29%) 0.02 NS
HPV-54 52 6.75 29 (5.42%) 25 (5.72%) 0.60 NS
HPV-61 27 3.51 12 (2.24%) 23 (5.26%) 0.04 NS
HPV-70 12 1.56 11 (2.06%) 6 (1.37%) 0.70 NS

NS: Non-Significant; S: Significant. p-values were calculated on a 2 × 3 matrix by Fisher’s test and then corrected by
Benjamini and Hochberg’s correction (False Discovery Rate (FDR) <1%).
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In particular, after pairwise comparison, QIAcube-real time combination resulted in higher HPV-45
prevalence compared to Magna Pure-Real Time PCR (2.99% vs. 0.00%), in lower HPV-68, HPV-40,
HPV-42 prevalence rates compared to both Magna Pure-Real Time PCR and QIAcube-Nested PCR
(HPV-68: 0.37% vs. 3.20% and 0.37% vs. 3.90%, respectively; HPV-40: 0.00% vs. 1.83% and 0.00%
vs. 2.08%, respectively; HPV-42: 2.06% vs. 10.53% and 2.06% vs. 13.25%, respectively) and in lower
HPV-40 prevalence compared to QIAcube-Nested PCR (0.00% vs. 1.82%).

On logistic regression analysis, the introduction of real-time assay was associated with an increase
of HPV-42 (aOR: 4.08, 95% CI: 1.71–9.73) (Table 2). Moreover, the logistic regression analysis did not
reveal the presence of background trends. The comparison of the estimates of the odds ratios of the
models built on the samples dataset and the patients dataset revealed absolute differences <1 in the
majority of cases (Table 2).
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4. Discussion

This study evaluated the HPV positivity rates and the HPV genotypes distribution before and
after the switch from a nested-based PCR to a real-time PCR on a three-year observation window.
Multivariate analysis showed that the HPV prevalence was not affected by the introduction of the new
real-time assay. The sensitivity of a nested PCR compared to a real-time amplification method was
analyzed by several authors, but the conclusions were not unique [12–14].

On the other hand, some differences in the distribution of HPV genotypes were detected. In particular,
the pairwise comparison showed some statistically significant differences in the distribution of HPV-45,
68, 40, 42, and 43. The analysis also highlighted that these differences were due to the QIAcube-Real Time
PCR group. Logistic regression analysis only confirmed that the Real Time introduction was associated
with an increase of the prevalence of HPV-42 (aOR: 4.08, 95%CI: 1.71–9.73).

Currently, more than 100 distinct molecular tests are available on the global market for the
detection of HPV DNA [15]. However, despite the approving of several tests for clinical use in USA
and Europe, some tests detect a pool of 12 HPV genotypes (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, and 59) while other tests also include HPV 66 and 68 [15]. On the other hand, some commercially
available tests allow specific HPV genotyping [16]. Some studies reported that genotyping techniques
might be useful to improve the triage and follow up of HPV infected women [17]. In fact, some authors
suggested that the genotypes 16/18 are related to a more elevated progressive risk [18,19].

An important source of variations is that the detection of specific HPV genotypes may be affected
by the different sensitivities of the currently available genotyping methods.

In a study of Del Pino et al. [16] several genotyping tests (AnyplexTM II HPV 28 Detection System,
Linear Array HPV genotyping test, Gp5+/6+ PCR-EIA-RH, CLART HPV2 Assay) were compared with
Hybrid Capture 2 and a concordance about 80% or higher was reported. In particular, the comparison
of the genotype distribution between AnyplexTM and Linear Array, Gp5+/6+ and CLART2, respectively,
showed completely different genotypes in five (4.0%), two (2.3%), and three (2.9%) samples.

In a study of Lim et al. [20], AnyplexTM was compared with MolecuTech REBA HPV-ID and HPV
DNAChip and the percentage of HPV genotype agreement ranged from 93.7% to 100.0%. However,
relatively high rates of discordance between the three assays were reported for HPV 31, 42, and 44.
The authors also examined the performance of the assays in the detection of five common HPV
genotypes (HPV 16, 18, 45, 52, and 58) and reported that the sensitivity rates varied according to
the detection method. In particular, MolecuTech showed a low sensitivity for HPV 52 (42.9%) while
AnyplexTM and HPV DNAChip had low sensitivities for HPV 45 (25.0%).

Comparison of AnyplexTM with Euroarray on 150 samples by Latsuzbaia et al. [21] showed a
Kappa concordance below 0.7 for HPV 40, 68, 73, and above 0.95 for HPV 11, 16, 18, 33, and 59.
Interestingly, a statistically significant difference between assays was detected for HPV 42 genotype
since it was more frequently detected by AnyplexTM assay.

Marcuccilli et al. [22] reported that AnyplexTM, compared with HPV Sign Genotyping Test, detected
more high risk and low risk genotypes. In particular, better agreements were reported for HPV 16, 18, 35,
and 70. Statistically significant differences were reported for HPV 31, 51, 52, 53, 56, 58, 59, 66, 73, 6, 42, 44,
54, and 61. These genotypes, except HPV 73, were more frequently detected by AnyplexTM assay.

Differences in HPV genotype detection were also reported by Estrade et al. [23] after comparison
of AnyplexTM with PGMY-CHUV assay. In particular, HPV 40, 42, 54, and 68 were significantly more
frequently detected by AnyplexTM. On the contrary, HPV 51 was more frequently detected by the
PGMY-CHUV assay.

The sequential design does not permit to infer the different sensitivities or specificities of the two
diagnostic tests. However, the quasi-experimental approach of the study may be advantageous to
acquire some preliminary information to better design subsequent studies or to speculate regarding
the clinical usefulness of a new diagnostic assay in a relatively cheap manner. In particular, the latter
option may be of some interest in a lack of funds context. To our knowledge, this is the first time that a
quasi-experimental before-and-after approach has been applied to the evaluation of a new assay for

39



Medicina 2019, 55, 418

the HPV evaluation. In particular, the data suggest that the introduction of Real-Time PCR did not
affect the HPV prevalence, but it was associated with modification of the distribution of HPV-42. Other
studies will be needed to clarify the reasons for these variations. However, other limits of this study
must be considered. In particular, the temporal window is quite short and the influence of pluriannual
trends cannot be excluded. Moreover, the composition of the population analyzed is not known and
the differences in the distribution of the HPV genotypes may reflect differences in the behaviors or
risk factors of the analyzed patients. However, the presence of background trends was also excluded
by the logistic regression analysis and this makes it possible to assume that the behavioral and social
parameters of the analyzed population have not changed over time.

Despite these limits, such study suggests to carefully evaluate the introduction of a new type
test for HPV also regarding the impact on the distribution of HPV genotypes. In particular, it may
be considered as a potential confounding factor for evaluation of public health programs to control
HPV spreading in the populations. At the same time, our study highlights the importance to carefully
evaluate temporal dynamics with multivariate methods. Related to this, the accumulation of more rich
surveillance data should be encouraged to ensure that demographic shifts in infection patterns could
be accurately monitored.

5. Conclusions

Having in mind that any technical innovation is usually related to new perspectives for both
clinical and technical development over time, the results obtained suggest that the temporal distribution
of HPV genotypes might be influenced by the diagnostic methods that are performed.

This study is not a direct comparison of two diagnostic methods because it has a sequential design.
In summary, with univariate analysis significant differences were observed in the prevalence rates of
HPV-45, 68, 40, 42, and 43. The lowest prevalence for HPV-45 was observed in the Magna Pure-Real
Time PCR group, while HPV-68, 40, 42, and 43 were less observed in the Qiagen-Real Time PCR group.

With logistic regression analysis, the introduction of the real-time assay was associated with
an increase in HPV-42. Furthermore, the logistic regression analysis did not reveal the presence of
underlying trends. It is possible that the difference in the HPV-42 distribution detected after the switch
to the real-time test could be related to the different sensitivities of the two diagnostic assays or to the
presence of cross-reactions.

An important limitation of this kind of study is the potential confounding effect of some variables
(secular trends, changes in population composition, or behavioral risks). Unfortunately, these data
were not available for the analysis. However, despite the increase in number of subjects tested, the
stability of HPV prevalence over time suggests that the population composition and the behavioral
variables did not likely change during the observation period.

Therefore, this parameter should be taken into the consideration when a multivariate statistical
model is represented, and further clinical studies could increase knowledge on the prevalence of HPV
based on the use of different methods.
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Abstract: Background and objectives: To enter the target cell, HIV-1 binds not only CD4 but also a
co-receptor β-chemokine receptor 5 (CCR5) or α chemokine receptor 4 (CXCR4). Limited information
is available on the impact of co-receptor usage on HIV-1 replication in monocyte-derived macrophages
(MDM) and on the homeostasis of this important cellular reservoir. Materials and Methods: Replication
(measured by p24 production) of the CCR5-tropic 81A strain increased up to 10 days post-infection
and then reached a plateau. Conversely, the replication of the CXCR4-tropic NL4.3 strain (after an
initial increase up to day 7) underwent a drastic decrease becoming almost undetectable after 10 days
post-infection. The ability of CCR5-tropic and CXCR4-tropic strains to induce cell death in MDM
was then evaluated. While for CCR5-tropic 81A the rate of apoptosis in MDM was comparable to
uninfected MDM, the infection of CXCR4-tropic NL4.3 in MDM was associated with a rate of 14.3%
of apoptotic cells at day 6 reaching a peak of 43.5% at day 10 post-infection. Results: This suggests
that the decrease in CXCR4-tropic strain replication in MDM can be due to their ability to induce cell
death in MDM. The increase in apoptosis was paralleled with a 2-fold increase in the phosphorylated
form of p38 compared to WT. Furthermore, microarray analysis showed modulation of proapoptotic
and cancer-related genes induced by CXCR4-tropic strains starting from 24 h after infection, whereas
CCR5 viruses modulated the expression of genes not correlated with apoptotic-pathways. Conclusions:
In conclusion, CXCR4-tropic strains can induce a remarkable depletion of MDM. Conversely, MDM can
represent an important cellular reservoir for CCR5-tropic strains supporting the role of CCR5-usage
in HIV-1 pathogenesis and as a pharmacological target to contribute to an HIV-1 cure.

Keywords: α chemokine receptor 4; β-chemokine receptor 5; human immunodeficiency virus;
monocyte-derived macrophages

1. Introduction

Combined antiretroviral therapy (cART) does not eradicate HIV-1 [1,2] due to the early
establishment of a long-lived viral reservoir [3–6]. This reservoir can include cells of macrophage lineage
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where, in contrast to CD4+ lymphocytes, HIV is relatively non cytopathic and can replicate extensively
in intracellular compartments in a long-lasting manner [7–10]. HIV-1 infected monocyte-derived
macrophages (MDM) are fully capable of producing infectious viral particles when cART is
discontinued [11–16] and may play a key role in regulating the disease progression [17].

Over the following decades, after the discovery of CD4 as the main virus receptor [18,19], further
studies have demonstrated that the chemokines coreceptors CCR5 and CXCR4 play crucial duties in
supporting infection of HIV-1 in target cells.

Binding of chemokine receptors CCR5 or CXCR4 is widely thought to be the cause that stimulates
the membrane fusion during HIV-replicative life cycle [19,20]. Infection with HIV-1 is generally
initiated by macrophages, slowly replicating, non-syncytium-inducing (NSI) variants [20,21] that
utilize CCR5 as a coreceptor [22–24]. In 50% of instances, disease evolution is correlated with the
development of syncytium-inducing (SI) variants which at least use CXCR4 [25–28].

The tropism of HIV-1 for specific and relevant cell populations in diverse compartments is
determined by the coreceptor utilized by HIV-1 Env for the entrance of the viral particles [28].
For infection of MDM cultures, HIV viruses preferentially utilize CCR5 as a coreceptor [22–26], whereas
viruses in T-cells use CXCR4 [27]. Dual-tropic viruses can utilize both coreceptors (CCR5/CXCR4) [29,30].
Thus, the coreceptor particularity of primary HIV-1 isolates is commonly utilized to characterize
cellular tropism [31].

Previous studies have shown that CCR5 is present on a wide variety of cells that can be infected
by HIV-viruses, including T cells, monocytes and macrophages. A lot of research has shown the
existence of CCR5-tropic viruses, which were proficient in replication of primary CD4+ T cells but
which could not effectively infect MDM [32–38]. Also, some CCR5-tropic primary HIV-1 strains utilize
CXCR4 for input into MDM [32,38]. Hence, the viral determinants that regulate HIV-1 tropism for
macrophages are considerably more complicated than the coreceptor specificity of the virus. HIV-1
viruses use CCR5 for their infection, although their primary targets are T cells not macrophages. It is
widely agreed that these CCR5 and CXCR4 viruses can replicate in both macrophages as well as in
T cells. However, their replication effectiveness changes in different cell classes which depend upon
the cellular environment [37,38]. Moreover, viral progeny from macrophages and T cells may have
divergent groups of host protein integrated in their viral particle [39].

HIV-mediated patterns of replication in latently infected cells (virus reservoir) have not been
completely understood. HIV infections lead to increased expression of specific proteins like
B-cell lymphoma 2 (BCL-2), B-cell lymphoma-extra large (BCL-XL), cellular FLICE (FADD-like
IL-1β-converting enzyme)-inhibitory protein (cFLIP), Induced myeloid leukemia cell differentiation
protein (Mcl-1) [40–42] or downregulation of proteins Bcl-2-associated X protein (BAX), Bcl-2-associated
death promoter protein (BAD proteins), Fas-associated protein with death domain (FADD) [42–44].
These factors contribute to regulate the transcription of genes correlated with host defense, cellular
anti-oxidant molecules like glutathione and thioredoxin, signal transduction, survival, and the cell
cycle, including the cyclin-dependent kinase inhibitor 1A (CDKN1A/p21) gene whose maximum extent
of mRNA and protein expression parallels active HIV-1 replication in latent cells.

This work aims at defining: (i) the role of CCR5-tropic and CXCR4- tropic strains in MDM;
(ii) assessment of different patterns of replication in this cell type by evaluating the extent of DNA
degradation, viral production, p38 MAPK activation and survival gene modulation in CXCR4 and the
CCR5 infected MDM.

2. Materials and Methods

2.1. Virus

HIV-1 pNL4-3p10-17 and p81Ap10-17 molecular constructs were obtained from B. Chesebro,
(National Institute of Allergy and Infectious Diseases, Hamilton, Montana 59840, USA) and contain the
whole HIV-1 genome [45]. The HIV-1 p81A p10-17 clone was generated by replacing the pNL4-3p10-17
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a 659 bp long sequence of env. This nucleotide sequence belongs to the R5-tropic HIV-1 Ba-L and
includes the V1, V2, V3 variable domains, whereas NL4-3 is a CXCR4-tropic strain, 81A replicates in
cells of the MDM lineage. These plasmids were transfected in 293T through the FuGENE 6TM (Roche),
a lipidic, not liposomial reagent.

HIV-1 clinical isolates #17 (X4), #6 (R5) and #10 (R5/X4) were obtained from patients enrolled from
the Katholieke Universiteit Leuven (Rega institute, Leuven, Belgium) and expanded in peripheral
blood mononuclear cells (PBMC).

The laboratory-adapted HIV-1 X4 strain IIIB was expanded in H9 cells and obtained from
supernatants at day 8 post infection. The laboratory-adapted HIV-1 adapted R5-tropic strain Ba-L was
expanded in MDM [46,47].

All the strains were purified from supernatants of the respective cultures after centrifugation at
20,000 rpm for 2 h, filtered through 0.45 μm filter, DNase I treated, and concentrated with a Centricon
Plus-20 membrane with a 100,000 molecular weight cut-off (Millipore Corporation, Bedford, Mass.) to
remove contaminating cytokines and growth factors which might interfere with signal transduction
analysis. Concentrated virus was stored in aliquots at −70 ◦C until use. Stock virus titers were
determined with a colorimetric reverse transcriptase activity assay (Roche Molecular Biochemicals,
Indianapolis, USA).

2.2. Drugs

The prototype bicyclam CXCR4 inhibitor and agonist stromal derived factor (SDF-1alpha) AMD3100,
(1-1*-[1,4-phenylenebis(methylene)]-bis(1,4,8,11-tetraazacyclotetradecane) octahydrochloride dihydrate])
synthesized at Johnson Matthey [48–50], and the CCR5 inhibitor, N,N-dimethyl-N-[4-[[[2-(4-methylphenyl)
-6,7-dihydro-5H-benzocyclohepten-8-yl] carbonil]amino]benzyl] tetrahydro-2H-pyran-4-aminium
chloride (TAK779), a nonpeptide compound with a small molecular weight (Mr 531.13), (Takeda
Chemical Industries, Ltd., Osaka, Japan) [51,52], were suspended and aliquoted in Phosphate-buffered
saline (PBS) solution, and used to 5 μM and 2 and 10 μg/mL, respectively.

2.3. Cells

Human primary MDM were generated and purified as previously described [53–56]. MDM were
derived from PBMCs of healthy donors. Briefly, PBMCs were separated by Ficoll-Hypaque
gradient centrifugation and seeded in T25 flasks at a number of 50.106 cells in 7 mL Roswell Park
Memorial Institute (RPMI) medium 1640 supplemented with 20% heat inactivated, mycoplasma- and
endotoxin-free fetal bovine serum (FBS), L-glutamine (1 mM), penicillin (100 U/mL), and streptomycin
(100 μg/mL), without exogenous cytokines or growth factors, at 37 ◦C in a humidified atmosphere
enriched with 5% CO2. After five days of culture, non-adherent cells were eliminated with caution by
consecutive gentle washings with warmed RPMI 1640, leaving a monolayer of adherent cells which
were finally incubated in complete medium [57–59].

The MDM obtained showed a purity exceeding 98% as tested by cytofluorimetric analysis.
Expression of CXCR4 and CCR5 in all our MDM cultures was assayed by flow cytometric analysis
(FCM) (FACScanTM, Becton Dickinson System, San José, CA) by means of CD184 (CXCR4/fusin)
R-phycoerythrin (R-PE)-conjugated mouse anti-human monoclonal antibody and CD195 (CCR5)
R-phycoerythrin (R-PE)-conjugated mouse anti-human monoclonal antibody both purchased from
BD Pharmingen (Becton Dickinson biosciences, USA). Measurements were performed in at least 3
independent experiments. In each experiment, MDM derived from a single healthy donor.

2.4. Drug Treatment, Infection and Virus Detection

Six days after Ficoll-Hypaque, non-adherent cells were removed, and monocytes were further
allowed to differentiate in MDM for four days. Their purity exceeded 98%. For exposure to inhibitor
AMD3100 and TAK779, at least twenty-four hours before CXCR4 and CCR5 strain infection, MDM
culture medium was removed and replaced with fresh media 20% serum. 45–60 min before infection;
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where needed, the drug was added to the cell supernatants at appropriate concentrations (0.4–2 μg/mL
for TAK779, and 5 μM for AMD3100) and then MDM were reincubated at 37 ◦C in a humidified
atmosphere enriched with 5% CO2.

Virus challenge was performed for at least 4 h to almost a week by exposing MDM to 3000 up to
7500 pg/mL of p24 (corresponding to, respectively, 400 and 1000 tissue cultures infectious doses 50%
per ml (TCID50/mL) of the Laboratory-adapted strain HIV-1 Ba-L) of the all strains described above,
followed by extensive washing to remove excess virus.

Virus production was assessed by the HIV-1 p24 gag antigen concentration in culture supernatants
using a p24 gag antigen detection kit according to the instructions of the manufacturer (Abbott labs,
Pomezia, Italy).

2.5. Western Blotting of Cell Cultures

Cells were challenged with IIIB, NL4-3, Ba-L and 81A strains of HIV (whole visions) in warmed
media 20% serum at indicated times at 37 ◦C in a humidified atmosphere enriched with 5% CO2,
incubated for the times indicated and then lysed and subjected to immunoblot analysis. Lysis was
performed in ice-cold buffer Radio-Immunoprecipitation Assay (RIPA) (50 mM tris hydroxymethyl
aminomethane ((Tris)-HCl), pH 7.4; 250 mM NaCl; 50 mM NaF, EDTA 5 mM; 0,15% Triton X-100)
containing a protease and phosphatase inhibitor cocktails (1 mM phenylmethylsulfonyl fluoride;
10 μg/mL pepstatin; 10 μg/mL leupeptin and 1 mm sodium vanadate) and incubated for different times
at 4 ◦C. Cell lysates were then clarified by centrifugation at 13,000 rpm for 10 min at 4 ◦C.

Protein concentrations were determined by a spectrophotometric assay (Pierce). Immunoblot
analysis was performed on cell lysates containing 30 μg protein mixed with Laemmli buffer and boiled
for 5 min. Samples were subjected to 10% Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to nitrocellulose membranes. The membranes were blocked overnight
with 5% Bovine serum Albumine (BSA) in TBS-tween.

A 1:1000 dilution of the lysates was used for the detection of activated MAPK/p38 a polyclonal
antibody specific for Phospho-p38 (Thr202/Tyr204), and for total p38 (Cell Signaling Technology,
Beverly, MA). (Jackson ImmunoResearch Laboratories). Then, membranes were treated with
the corresponding horseradish peroxidase (HRP)-conjugated secondary antibody (1:5000 dilution)
(Jackson ImmunoResearch Laboratories). The immunoreactive bands were visualized using enhanced
chemiluminescence Western blotting system (Immun-Star HRP Chemiluminescent Kit, Hercules, Ca,
USA) according to the manufacturer’s instructions (Biorad, Hercules, CA, USA).

Blots were stripped (2% SDS, 62.5 mM Tris, 100 mM mercaptoethanol) for 30 min at 56 ◦C and
washed in PBS containing 0.05% Tween 20, before blocking and reprobing with primary antibody.
For the quantification of the phosphorylated and total proteins, the bands on the films were first
scanned by the Epson software program and then the images were processed through the Scion
Image analysis program (Houston, TX, USA) for the IBM PC based on the popular NIH Image on the
Macintosh platform.

2.6. RNA Isolation and Microarray Analysis

In different experiments, 81A and NL4-3 infected MDM were incubated in parallel at a dose of
2000 pg/mL of viral p24 from 6 to 24 h of infection, then exposed to 4M guanidinium and total RNA
was isolated by the guanidinium-phenol procedure. The isolation of polyA mRNA from each total
RNA preparation was obtained by OLIGOTEX mRNA Purification System (Qiagen, Hilden, Germany).
cDNA probes for microarray experiments were prepared from 0.5 μg of cellular mRNA by CyScribe
post-Labelling Kit (Amersham Biosciences). The CyDye labelled cDNA was purificated by QIAquik
PCR purification Kit (Qiagen). For dual colour hybridization we combined Cy3 and Cy5 labelled
cDNAs in one tube. The solution protected from light was dried by using a rotary evaporator and
adding tRNA (40 γ), Calf Thymus DNA (40 γ) and Cot-1 DNA (1 γ). The dry solution was dissolved in
nuclease free water, denatured at 95 ◦C for 5 min and cooled in ice. Hybridization buffer 4X (supplied
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in the CyScribe Post-labelling Kit) was added with 1
2 volume of 100% formammide. Hybridization

was performed in an humid hybridization chamber (5X SSC) at 42 ◦C for 14–18 h, following washing
with saline-sodium citrate (SSC) and SDS (w/v) pre-warmed to 37 ◦C. Fluorescent-array images were
collected for both Cy3 and Cy5 by using a ScanArray Express, Microarray Analysis System Version 2.0
(Perkin-Elmer) and image intensity data were extracted and analysed by using QuantArray Pachard
Biochips Software. In particular, QuantArray Software provides automated analysis of color microarray
images (automatic scanning and quantitation to measure fluorescence signal at each spot on the array)
before exporting data to bioinformatics software packages. Triplicate array positions are used for
each gene to avoid signal noise. The human Cancer Chip version 4.0 (Takara) slides were used for
microarray analysis and all spots were known. In order to evaluate the inhibition or enhancement
of genes expression in terms of mRNA production, a comparison of Cy3 and Cy5 signals intensity
was applied.

2.7. Flow Cytometry Measurement of Apoptotic Cells

At established time points of infection (see results), MDM were washed and detached from the
25 flasks with gentle scraping as previously described [60]. MDM were precipitated by centrifugation at
1500 rpm for 5 min at 4 ◦C. All MDM in the culture, both adherent and non-adherent, were considered
in the final count for apoptosis analysis by Flow Cytometry measurement (FCM). Supernatants were
removed, then aliquoted, and stored at −80 ◦C for p24 titration. After washing, MDM were kept in
3 mL of cold PBS, 0.02% EDTA in 10 min at 4 ◦C, then gently scraped and transferred to the respective
tubes and precipitated by centrifugation at 1500 rpm for 5 min at 4 ◦C. Supernatants were removed and
the pellet resuspended in 0.5 mL of Trypan-blue solution for cell count and viability check. Cells were
washed with 2 mL PBS cold and centrifuged as described above.

The supernatants were completely removed and 2 mL of 70% ice ethanol was added to permeabilize
for 40 min at 4 ◦C. After washing, cells were centrifuged (1600 rpm/5 min/4 ◦C), again washed and
centrifuged as described above and gently resuspended in 1.0 mL hysotonic Propidium Iodide (PI)
solution (Sigma) 50 μg/mL, in PBS and RNase 50 μg/mL) in polipropylen tubes. After rotating for
15 min at room temperature, the tubes were placed at 4 ◦C for 2 h in the dark. Cells were washed
with 2 mL PBS cold, centrifuged at 1500 rpm for 5 min at 4 ◦C, resuspended in 0.4 mL cold PBS and
kept in the dark at 4 ◦C for not more than 20 min before PI fluorescent measurement. The DNA
specific fluorocrome Propidium Iodide (PI) recognized apoptotic cells as a distinct hyploploid cell
population with a reduced staining below the G0/G1 population of normal diploid cells as results of
cell shrinkage, nuclear condensation, internucleosomal DNA fragmentation [61]. The PI fluorescence
was measured by Flow Cytometry in FL2-H (FACScanTM, Becton Dickinson System, San Josè, CA,
USA) and registered on a logarithmic scale. All the tests were performed in duplicate.

2.8. Statistics

Differences were considered statistically significant at p ≤ 0.05 by means of a Chi Square test of
independence based on a 2 × 2 contingency table. Statistical analyses were carried out with SigmaStat
3.0 (Jandel Scientific, San Rafael, CA, USA).

3. Results

3.1. Different Replicative Kinetics of CXCR4- and CCR5-Dependent HIV Strains in MDM

The first step of this study was to evaluate the efficiency of CCR5-, CXR4- tropic HIV-1 strains
to replicate in MDM by measuring p24 production (Figure 1). In particular, p24 production was
similar up to day 7 post infection for both CCR5- and CXR4-tropic strains. After 7 days post infection,
p24 production of the CCR5-tropic 81A virus underwent a sharp increase up to day 10 and then
tended to remain stable up to day 14. Conversely, p24 production of the CXCR4-tropic NL4.3 sharply
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decreased, becoming almost undetectable starting from day 10 (Figure 1). As a control, pre-treatment
with AMD3100 completely abrogated the replication of the CXCR4- tropic NL4.3 in MDM.

Figure 1. Kinetics of the HIV-1 replication profile in human primary monocyte-derived macrophages
(MDM) infected by CXCR4-tropic NL4.3 and or CCR5-tropic 81.A virus. The figure reports p24
production starting from day 7 post-infection. MDM from a healthy donor were infected with a
standard dose of p24 gag (3000 pg/mL) of NL4.3 or 81.A. p24 production was measured daily in culture
supernatants by a commercially available ELISA (Abbott labs, Pomezia, Italy). Pre-treatment with
AMD3100 was performed 1 h before incubation with NL4.3. All tests were performed in triplicate.

3.2. Effect of CXCR4-Tropic NL4.3 and/or CCRR5-Tropic 81.A Dependent HIV Infection Upon
DNA Fragmentation

The second step of this study was to investigate the impact of CCR5-tropic 81.A and CXCR4-tropic
NL4.3 on inducing apoptosis in MDM by cytofluorometry. In MDM infected with the CXCR4-tropic
NL4.3, the percentage of cells in apoptosis progressively increased from day 4 up to day 10 post infection
(43.5%) (time point at which the p24 production of the CXCR4-tropic NL4.3 becomes undetectable) and
tended to remain stable at around 40% 13 days post infection (Figure 2). As a control, pre-treatment
with AMD3100 abrogated the capability of CXCR4-tropic NL4.3 to induce MDM apoptosis (Figure 2).
Conversely, very low levels of apoptosis were observed in MDM infected with the CCR5-tropic 81A.
Overall findings suggest that the decrease in the replication of the CXCR4-tropic NL4.3 in MDM
may be linked to the capability of the viral strain to induce apoptosis of MDM. The capability of
CXCR4-tropic strains to favor MDM apoptosis was confirmed in the presence of another laboratory
adapted CXCR4-tropic IIIB and in the presence of different CXCR4-tropic clinical isolates. Interestingly,
the CCR5/CXCR4-tropic clinical isolate #6 conserved the capability to induce MDM apoptosis despite
dual tropism (Figure 3).
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Figure 2. Effects of CXCR4 and CCR5 usage on DNA fragmentation (measure of apoptosis) in MDM.
MDM from a healthy donor were infected with 81A (CCR5-tropic strain) or NL4-3 (CXCR4-tropic
strain). Percentage of cells undergoing DNA fragmentation was checked: (A) 4 days after infection
(B) 6 days after infection; (C) 10 days after infection; (D) 13 days after infection. Pretreatment with
AMD3100 was performed 1 h before incubation with NL4-3. For HIV infection in MDM, a standard
dose of p24 gag (3000 pg/mL) was used. The PI fluorescence was measured by Flow Cytometry in
FL2-H (FACScan, Becton Dickinson System, San josè, CA) and registered on a logarithmic scale. The
figure is representative of three independent experiments. Differences in NL4-3-infected macrophages
are statistically significant (P < 0.001, Chi Square test) compared to mock-, 81A-infected and AMD3100-
treated macrophages.

Figure 3. Measure of DNA fragmentation in Human Primary Macrophages infected by X4-tropic virus.
The PI fluorescence was measured by Flow Cytometry in FL2-H and registered on a logarithmic scale.
All the tests were performed in duplicate. (i) NL4-3 and 81A are, respectively, a CXCR4- (X4) and CCR5
(R5)-tropic HIV strains. DNA fragmentation was analyzed to the 10th day of infection (ii) IIIB and Ba-L
are laboratory-adapted HIV strains using, respectively, X4 and R5 strains. DNA fragmentation was
analyzed to the 7th day of infection. (iii) #17 and #6 are, respectively, a CXCR4- and CCR5-tropic HIV-1
clinical isolates and DNA fragmentation was analyzed to the 12th day of infection. For the infection,
a standard dose of p24 gag (3000 pg/mL) correspondent to 400 TCID50/mL dose of Ba-L was used.
* Differences in X4 strain infected macrophages are statistically significative (P < 0.001, Chi Squared
test) compared to mock infected and R5 strain infected macrophages (see material and methods).
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3.3. Impact of CXCR4-Tropic (CXCR4) and CCR5-Tropic (CCR5) Strains in p38 Activation in MDM

To further corroborate the capability of CXCR4-tropic strains to favor MDM apoptosis, the
detection of the phosphorylated form of the mitogen-activated protein p38/MAPK (phospho- p38) was
evaluated. After exposing NL4.3 for 30 min (Figure 4 Lane 9), a 2-fold increase in the detection of the
phospho- p38 MAPK was observed compared to MDM exposed to p81A. Thus, NL4-3 induced the
activation of the p38/MAPK since early phases of MDM infection (while no effect was observed for
81A) [62]. Similarly, an increase in the detection of the phosphorylated form of p38 was also observed
after exposing the CXCR4-tropic IIIB to MDM for 30 min (Figure 5A). Conversely, the detection of the
phosphorylated form of p38 was reduced when AMD3100 was used (Figure 5B).

Figure 4. Detection of p38 and phospho p38 by Western Blotting in cell lysates. MDM were infected
with 7500 pg/mL of NL4.3 or 81.A. Blots are representative of three experiments using MDM from
different donors after exposing NL4.3 and 81.A in MDM for 5, 10 and 30 min.

Figure 5. Detection of p38 and phospho p38 by Western Blotting. MDM were infected with 7500 pg/mL
of the CXCR4-tropic IIIB and the CCR5-tropic 81.A. (A) Cell lysates were subjected to immunoblot
analysis with antibodies specific for the total or phosphorylated forms of p38 MAPK (phospho-p38
MAPK [T180/Y182] antibody). (B) MDM from HIV-1 negative donor were pretreated for 30 min with
(+) or without (−) AMD3100 (5μg/mL) before incubation with IIIB. Blots are representative of three
experiments using MDM from different donors.

3.4. Modulation of Expression of Genes Correlated with Apoptotic Pathways, in a Time-Dependent Manner, by
CXCR4-Tropic Strains

As a final step of this study, we analyzed variation in the transcriptome profile observed in MDM
infected by CCR5-tropic or CXCR4-tropic strains. We found that NL4-3, but not 81A, up-regulated
many genes in human MDM, including TNF2, Fas (TNFRSF6)-associated via death domain [63],
caspase-7, Cytocrome C, KGF [64] and GSPT1/eRF3 [65] but down-regulates survival and cancer genes.
These findings indicate that CXCR4-mediated the entry in MDM can up regulate apoptosis-related
genes and simultaneously down modulate survival-related genes as Defender against cell death
1(DAD-1) and Cullin 2 (hCUL2), involved in MDM survival after HIV-1 infection. Interestingly,
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we also observed enhancement in gene activation of pro-inflammatory Matrix metalloproteinase 9
(MMP9 gelatinase B, 92kD gelatinase, 92kD type IV collagenase) by the CXCR4-tropic NL4.3 but not
by CCR5-tropic p81.A (Figure 6 and Table S1).

Figure 6. Photographs of arrays representing transcriptional changes in macrophages infected by
81A and NL4-3 strains. In array (A) the Cy3 spots indicated by numbered squares represent the
apoptosis-related genes activated by NL4-3 whereas in subarray (B) the Cy5 spots indicated by
numbered squares represent the survival-related genes activated by 81A. The square numbers relative
to the genes are also indicated in Table S1.

4. Discussion

This study shows that CCR5-tropic and CXCR4-tropic strains exhibit different kinetics of replication
in MDM and highlights the capability of CXCR4-tropic strains to promote the apoptosis of this important
HIV-1 reservoir. HIV-1 reservoirs represent so far the major obstacle for achieving HIV cure.

Our findings are in line with a previous study showing that differences between CCR5-tropic
strains and CXCR4 strains in productive infection of MDM occurred during the early stages of HIV-1 life
cycle and in particles at levels of reverse transcription and nuclear translocation of viral genomes [32].
Though our study did not consider the phase22s of HIV life cycle, we investigated a relationship
between different levels in viral production and MDM homeostasis according to co-receptor usage.

We evaluated different kinetics of replication in MDM of CXCR4-tropic and CCR5-tropic molecular
clones, respectively, NL4-3 and 81A, differing only in env variable domains. After a starting boost, the
replication of CXCR4-tropic clones in MDM subsequently diminished reaching a status of abortive
infection, while the replication of CCR5-tropic clones tended to increase, reaching a plateau after
10 days of infection.

It is important to stress that NL4-3 did not affect HIV-1 productive infection up to the seventh day
in MDM, suggesting that the clearance of the CXCR4 strain may not be due to a failure in the entry or
in other preintegrational phases (Figure 1), but may be the result of the killing of the host cells during
the onset of infection.

These results underline the tendency towards an in vitro disappearance of the most aggressive
CXCR4- tropic virus in the course of the HIV-1 infection and the survival of CCR5- tropic strain infected
MDM reservoirs as key determinant of HIV-1 persistence in this cellular reservoir.

This evidence provided us the clue to analyze how coreceptor usage may differently modulate
MDM homeostasis and particularly apoptosis.

In particular, the MAPK p38 plays a pivotal role in the transmission of signals from cell surface
receptors to the nucleus. It is activated by diverse extracellular stimuli that regulate important cellular
processes including response to stress factors in many cell types [66]. Our results show a transient but
marked induction of the phosphorylated form of the p38 MAPK at 30′ after exposure to CXCR4-tropic,
but not CCR5-tropic HIV strains in MDM. The role of activation of MAPKs p38 in programmed
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death of MDM and T-cells due to CXCR4-tropic strain infection still remains controversial: whereas
a role in HIV pathogenicity is already demonstrated [50,67], some studies report no association in
Caspase-dependent apoptosis [68] moreover, the p38 activation pathway, in cell reservoirs such as
MDM, was attributed to β chemokine secretion rather than apoptosis [49,69]. In this last case, this
disagreement with our results in HIV mediated signalling may be attributed to a different experimental
approach as we used the whole pure viruses and not the recombinant gp120 and did not consider any
serum starvation for exposure of MDM to the different strains, in order to avoid them excessive stress
and permit the primary cells to reproduce under more natural physiological conditions.

The role of p38 has been elucidated in the setting of infection of T cells by CXCR4-tropic
strains [70,71]. In particular, the role of replication of HIV-1 in human T lymphocytes requires the
activation of host cellular proteins [72]. Previous studies have identified p38 mitogen-activated protein
kinase (MAPK) as a kinase necessary for HIV-1 replication in T cells [73–76]. Among them, Cohen et al.
1997 have shown that HIV-1 CXCR4 strain infection of both primary human T lymphocytes and T cell
lines immediately stimulates the cellular p38 MAPK pathway, which remains activated throughout
the experimental conditions. Inclusion of an antisense oligonucleotides to p38 MAPK expressly
inhibited viral replication [70,77–79]. Blockade of p38 MAPK by addition of CNI-1493 also inhibited
HIV-1 viral replication of primary T lymphocytes in a dose- and time-dependent manner. Stimulation
of p38 MAPK activation did not occur with the addition of heat-inactivated virus, suggesting that
viral internalization, and not just membrane binding, is necessary for p38 MAPK activation [80,81].
The results of this work show that activation of the p38 MAPK cascade is critical and essential for
HIV-1 replication in T cells [81,82].

In consideration of key determinants of HIV persistence in MDM reservoirs, post translation
changes of cell and nuclear targets is one of the upstream events due to viral exposure, culminating
in absence of cytolitic effects. Macrophages provide an ideal environment for the formation of viral
reservoirs since they live long and are widely distributed throughout the body [83].

As microarray analysis showed, 10 genes related to the apoptosis pathway were up-regulated in
NL4-3 infected MDM compared to 81A infected ones and genes related to the apoptosis pathway, such
as Defender against cell death 1(DAD-1) [84] and Cullin 2 (hCUL2), were up-regulated in 81A infected
compared to NL4-3 infected MDM.

Our studies demonstrate the up-regulation of genes included the polypeptide chain-releasing factor
GSPT1/eRF3 protein, which in the processed form has been shown to promote caspase activation, IAP
(inhibitors of apoptosis) ubiquitination and apoptosis [53], Caspase 7 (CASP 7), an apoptosis-related [69]
and Cytochrome C whose release has been shown in HIV dependent apoptosis [50]. The activation
of such genes related to apoptosis in NL4-3 infected MDM can then have downstream effects being
responsible for the progressive decrease of p24 production of the CXCR4-using NL4.3.

Our results would not seem in line with in vivo evidence of the emergence of the more aggressive
sincytium-inducing (SI) CXCR4- tropic strains in the terminal phases of HIV-1 disease associated with
rapid decline of CD4+ and CD8+ T cells [28,85] but this phenomenon almost represents an effect of
the breakdown of the immune system and the onset of AIDS [86]. We speculate that CXCR4- tropic
strains play a minor role in disease progression because dying CXCR4 virus infected reservoirs, cannot
provide virus nor continue to directly contribute to the depletion of immune cell system. Indeed,
CCR5-using strains are associated with a lower percentage of cell death, suggesting the capability of
these strains to promote cell survival as supported also by transcriptome analysis.

On the other hand, there are many reasons to consider a role of CCR5 viruses and their host
cells as target for therapeutic strategies: (i) the protective role of the 32-nucleotides (Δ32) deletion in
CCR5 gene in homozygous condition against HIV-1 infection and the more benign pattern of disease
progression associated with the deletion in one of the two alleles [87,88] (ii) a logarithmic correlation
between CCR5 expression and viremia in patients with disease progression [89–91] (iii) the importance
of CCR5-tropic isolates for dissemination outside peripheral blood in compartments considered as
“sanctuaries” like the Central Nervous System where macrophages represent more than 90% of the
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HIV-1 infected cells [92–95] the capacity of R5 isolates harbored in macrophagic reservoirs to provoke
the immune anergy through host-related factors (bystander effect) and the emergence of more virulent
SI variants and the subsequent AIDS progression (iv) increase of viremia in later stages of HIV disease
caused by macrophages during opportunistic infections [96,97] (v) increase of both CCR5 expression
on CD4+ T cells and the frequency of memory CD4 T-cells (the target cells of CCR5 virus variants)
over the course of infection [97,98].

5. Conclusions

To summarize, CCR5 strains induce chronic and productive infection in MDM whereas
CXCR4-tropic strains induce abortive infection. Moreover, the abrogation of HIV-1-dependent killing
due to the specific CXCR4 inhibitor AMD3100 indicates the obligatory role of CXCR4. Phosphorylation
of p38 (MAP Kinase family), reported to be activated after exposure to many forms of cellular stress, is
enhanced by the CXCR4-tropic strain NL4-3 and IIIB and not by CCR5-tropic strain 81A and BaL; also,
this induction is modulated by CXCR4. CXCR4-tropic strains activate inflammatory genes in MDM
whereas CCR5-tropic HIV-1 strains do not induce a death program in MDM.

Taken together, our results correlate with in vitro and in vivo evidence about an uncoupling
between viral replication and cytopathocity [88] and confirm what we observed previously [9,99]
in later phases of infection: MDM homeostasis is up-regulated where infection is sustained by
CCR5-tropic strains. All the CXCR4-tropic strains we used, in contrast, induce MDM apoptosis and
lead to consequent clearance of HIV replication. Further studies are necessary to investigate if gp120
interaction with CXCR4 in MDM can also induce the activation of pro-inflammatory pathways.

Our findings provide important implications for HIV-1 pathogenesis and design of pharmacological
targets aimed at achieving HIV-1 cure.
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Abstract: Background and objectives: The human respiratory syncytial virus (hRSV) is among the
important respiratory pathogens affecting children. Genotype-specific attachment (G) gene sequencing
is usually used to determine the virus genotype. The reliability of the fusion (F) gene vs. G gene
genotype-specific sequencing was screened. Materials and Methods: Archival RNA from Saudi children
who tested positive for hRSV-A were used. Samples were subjected to a conventional one-step RT-PCR
for both F and G genes and direct gene sequencing of the amplicons using the same primer sets.
Phylogeny and mutational analysis of the obtained sequences were conducted. Results: The generic
primer set succeeded to amplify target gene sequences. The phylogenetic tree based on partial F
gene sequencing resulted in an efficient genotyping of hRSV-A strains equivalent to the partial G
gene genotyping method. NA1, ON1, and GA5 genotypes were detected in the clinical samples.
The latter was detected for the first time in Saudi Arabia. Different mutations in both conserved and
escape-mutant domains were detected in both F and G. Conclusion: It was concluded that a partial F
gene sequence can be used efficiently for hRSV-A genotyping.

Keywords: hRSV; F gene; G gene; children; respiratory diseases; genotyping; Saudi Arabia

1. Introduction

Human respiratory syncytial virus (hRSV) causes considerable respiratory distress with variable
severity in infancy and early childhood [1,2]. It is also responsible for the induction of respiratory
illness in elderly and immunocompromised patients [3], in addition to being a common nosocomial
pathogen [4]. The virus belongs to the family Pneumoviridae, genus Orthopneumovirus, and possesses
a single-stranded negative-sense RNA genome that encodes eleven proteins [5], including both
attachment (G) and fusion (F) envelope proteins that work together to attach to the target cell
membrane by the G protein [6], while fusion of the viral and cell membranes occurs through the action
of the F glycoprotein [7].

The G glycoprotein is a type II surface protein which is highly glycosylated and possesses a
considerable degree of nucleotide variability [8]. It possesses two hypervariable regions (HVR1
and HVR2); the HVR2 in the C-terminal region is used to screen the G gene variability of different
genotypes [9,10]. Five N-glycosylation sites were detected in HVR2 of the hRSV-A attachment
protein [11]. The F protein is more conserved than the G glycoprotein and it is translated as an F0
precursor that is cleaved twice, resulting in disulfide-linked F1 (aa 137–574) and F2 (aa 1–109) subunits
along with a short peptide, pep27 (aa 110–136). F2 possesses heptad repeat C (HRC), while F1 possesses,
at its N terminal, a hydrophobic fusion peptide (FP) followed by two heptad repeats, A and B (HRA
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and HRB). HRA, HRB, and HRC are essential for envelope fusion to the host cell membrane [12,13].
F2 possesses five N-glycosylation sites, while HRB, part of F1, possesses a single N-glycosylation site;
however, F2 contains more conserved sequence than F1, which is characterized by a high homology
among different hRSV genotypes [14]. The highly conserved nature of F2 qualifies it for being a
potential target for diagnostic assays.

The hRSV is classified into two major groups: hRSV A and hRSV B [15]. To date, 20 genotypes
of hRSV-A and 36 genotypes of hRSV-B are known to exist based on the sequence variation of the
G gene [16,17]. Although both hRSV types circulate worldwide, type A was found to be dominant
in certain countries [18,19]. Novel genotypes may appear and could replace prevalent genotypes,
and many genotypes may circulate together; however, some new genotypes may dominate [20,21].
In 1999, the B/BA genotype, with a duplication of 60 nucleotides of the G gene, appeared [22];
then, the A/ON1 genotype, with a duplication of 72 nucleotides (nt) in the G gene, appeared [23].
Both genotypes are currently prevalent worldwide. The severity of the disease is dependent on the
virus genotype, as genotypes A/GA2, A/GA4, A/ON1, and B/BA were found to be of relatively low
virulence in comparison to A/NA1, A/GA3, and A/GA5 [24–26].

Typing of hRSV is mainly based on direct G sequencing of sequences flanking HVR2; however,
genotype-specific amplification is needed. The F gene could constitute an alternative method for
hRSV genotyping; it was found to successfully genotype RSV strains in comparison to the G gene
and resulted in the same phylogenetic clusters based on a full genome sequence of the F gene [27].
Accordingly, the aim of the current study was to screen the efficiency of genotyping hRSV-A based on
gene sequencing of F2 and the first part of F1 (FP and HRA) and compare it with genotype-specific
partial G gene sequencing. Genotyping and sequence analysis of the Saudi hRSV-A strains is another
objective of the current study.

2. Materials and Methods

2.1. Ethical Statement

Ethical release was obtained from both by the College of Medicine, Taif University (TU/1652/1433/1,
approved on 29th April 2011), and also from the hospital of Paediatrics ethical committee based on
the human subjects protection guidelines. The first part of the study was previously published [28].
The guardians of the children involved in the study signed informed written consent about the study.

2.2. Samples

A total of 59 archived RNA/DNA samples that showed positive real-time RT-PCR results for
hRSV-A, determined in our previous study [28], were used as targets for amplification of F and G genes.
The RNA samples were stored at −80 ◦C. All samples were collected previously from children with
respiratory distress from hospital of Paediatrics, Taif, Saudi Arabia, during the period from January
to May 2012. The viral load in the samples (n = 56) samples were found to be weak, with a range of
1 × 102 to 1 × 104.5 copies/mL [29].

2.3. One-Step Conventional RT-PCR

An F gene-specific oligonucleotide primer set: Fus-For (1–29) 5′-ATGGAGTTGCCAATCCTCA
AAGCAAATGC-3′ and Fus-Rev (622–643) 5′-ATATGCTGCAGCTTTGCTTGTT-3′, that flanks F2 and
the first part of F1 (FP and HRA), was designed based on hRSV-A-GZ08-0 (KP218910). G gene
genotype-specific primers for ON1/NA1 and GA5 that flank HVR2 in the C-terminal region of
the G gene were also designed and used for amplification of the partial G gene based on the
result of F gene sequencing. G gene-specific primer sets were as follows: ON1/NA1 (365-384)-For
5′-CTGAGTC AACCCCACAATCC-3′, ON1/NA1-Rev (24–43 G–F intergene UTR) 5′-ATTTGGTCATG
GCTTTTTGC-3′ based on based on hRSV-A-GZ08-0 (KP218910) and GA5-For (374–395) 5′-TCCT
GCAATCTACAACAGTCAA -3′ and GA5-Rev-(867–889) 5′-CTGTTATGTTGGATGGAGATG-GA-3′
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based on RSVA/Homo sapiens/ITA/120/2009 (KF826832) were designed. Reverse transcription was
conducted using GoTaq® 1-Step RT-PCR (Promega, Southampton, UK) that was based on GoScript™
Reverse Transcriptase. Briefly, the program was adjusted for reverse transcription at 45 ◦C for 45 min,
followed by an initial denaturation step at 95 ◦C for 5 min and 35 cycles of 95 ◦C for 30 s, 50 ◦C for
30 s, and 72 ◦C for 1 min. This was followed by a final 10 min elongation step at 72 ◦C. The RT-PCR
amplicons were subjected to 1.5% agarose gel electrophoresis.

2.4. Direct Sequencing and Gene Sequence Analysis

Amplicons with the expected size were excised from the gel and then purified using a gel-extraction
kit (Koma Biotek, Seoul, Korea). The purified amplicons were used as templates for direct sequencing
using the same primers as those used for the F and G genes’ amplification. Sequencing was performed
commercially using the BigDye v.3.1 Applied Biosystems (Foster City, CA, USA) kit according to the
manufacturer’s protocol. Raw sequences were visualized and analyzed using MEGA 5.2. Homology
BLASTn searches from different strains were performed using highly similar sequences (megablast)
against published hRSV sequences in the GenBank databases using default algorithm parameters.
The gene sequences of both F and G genes were deposited in GenBank under the accession numbers:
F (KU924011-KU924023) and G (MK182708-MK182720). CLUSTAL W multisequence analysis was
performed and the phylogenetic tree was constructed using the maximum likelihood statistical method
with 1000 bootstrap replicates and Tamura–Nei model substitution model. Nucleotide variability
among different strains was calculated using the CLUSTALW available in GenomeNet Database [30].

2.5. Deduced Amino Acid Sequence and Sequence Analysis

Deduced amino acid sequences of both F and G amino acid sequences were compared using
MEGA 5.2. Amino acid substitutions at different functional and structural protein fragments were
analysed. The polyphen (polymorphism phenotyping) prediction webtool [31] was used to screen the
potential effect of amino acid substitutions among strains on the function.

3. Results

3.1. Direct Sequencing and Phylogenetic Analysis

Both generic primers for F and G genes were successful in amplification of the strains, showing
relatively high viral load for 13 of the 59 samples (≥1 × 103.5 copies/mL). The F gene domains of the
hRSV-A isolates possess about 10% nucleotide variability. The signal peptide, however, showed higher
nucleotide variability. Partial F gene sequencing revealed that the Saudi strains in the current study
belong to the NA1 genotype (6/13, 46.15%), ON1 (5/13; 38.46%), and GA5 genotype (2/13; 15.38%)
(Figure 1a). Partial G gene sequencing using strain-specific primers for these strains confirmed the
correct strain classification obtained by using F gene sequencing, and similar clustering of the hRSV
strains was obtained using both genes (Figure 1a,b). The F gene domains of the hRSV-A isolates possess
about 10% nucleotide variability. The signal peptide and transmembrane domains, however, showed
nucleotide variability to be higher than detected in the HVRs of the G gene (data not shown).
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3.2. Deduced Amino Acid Sequence and Sequence Analysis

Five N-glycosylation sites, N27, N70, N116, N120, and N126, were found to be conserved among
all the thirteen Saudi strains, except for strain Taif-103, that has lost one of the N-glycosylations at N120
(Figure 2). The fusion protein of Taif-20, Taif-23, Taif-110, and Taif-112 showed S-to-N substitution
at position 105 just before the first cleavage (Figure 2), with no potential effect on the function as
demonstrated by the polymorphism phenotyping prediction tool (data not shown). Seven amino
acid substitutions—L3F, T11I, I19T, T13A, L15F, A16T, and I19T—were detected in the signal peptide,
and three—T120A, T125N, and V127I—amino acid substitutions were detected in the p27 domain
(Figure 2).

A duplication of amino acids (QEETLHSTTSEGYLSPSQVYTTS) was found in two regions within
the G protein which reflects an 72 nt insert characteristic to the ON1 genotype (Figure 3). L298P, V303A,
and Y304H amino acid substitutions were detected in all ON1 Saudi strains, Y273N was detected in
Taif 23, and L274P was detected in Taif-24 and Taif-103 strains (Figure 3). The P310L substitution,
equivalent to P286L in viruses that have no duplication, was recorded in 10 out of the 13 Saudi strains.
There is an existence of accumulated signature coding changes in the epitope regions of the G protein
(Figure 3). Variations among the N-glycosylation site of HVR2 of the Saudi strains’ attachment proteins
were detected. Interestingly, all Saudi NA1 and ON1 strains except Taif-24 and Taif-103 showed N237D
amino acid substitution that resulted in loss of the N237 N-glycosylation site. N250 was found only
in Saudi GA5 strains, while N251 was detected in 2/5 ON1 and 6/6 of the NA1 Saudi strains. N273
was detected only in Saudi GA5 strains, as well as a single ON1 Saudi strain. N294 (N318 in ON1
genotypes) was detected in the majority of Saudi ON1 and NA1 strains, but none of the Saudi GA5
strains or the A2 prototype strain (Figure 3).
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4. Discussion

Both of the designed generic primers were successful in amplification of the three different
genotypes of hRSV-A, ON1, NA1, and GA5, that were detected among Saudi archival RNA samples.
It is also assumed that the generic F primer set could detect all hRSV-A strains, since it showed
complete identities to most of the published hRSV-A strains except for a single mismatch detected
occasionally. Genotyping based on partial gene sequencing of both F and G genes showed similar results,
which denotes that the designed F gene could be used efficiently in genotyping of hRSV-A strains.

The Saudi strains in the current study are classified as NA1, ON1, and GA5 genotypes. Both NA1
and GA5 showed higher virulence to the children in comparison to ON1 and other hRSV-A
strains [24–26]. Two out of the thirteen strains were related to GA5, and this represents the first
record of this subtype in Saudi Arabia. In Saudi Arabia, only a few studies have been conducted on
hRSV genotypes; however, the hRSV-A type, mostly the NA-1 subtype, is the dominant genotype [32,33].
The hRSV-A ON1 genotype was detected for the first time in Canada in 2010 [23]. A Saudi strain in the
GenBank database was found to be closely related to the ON1 strain isolated in 2009 in Riyadh and
also closely related to ON1 strains detected in the current study from Al-Taif. This finding reveals
that the ON1 strains have circulated in Saudi Arabia since 2009. This assumption is confirmed by the
global data that suggested that the ancestor of ON1 emerged during 2008–2009 [34].

It is known that the F protein is focused on the signal peptide, p27, transmembrane domain, and ø
antigenic site [35]. Similarly, the highest variability among amino acids among Saudi strains was
detected in the signal peptide, followed by the p27 domain of the fusion protein. The fusion protein of
hRSV strain harbors six N-glycosylation sites [9,36], which were confirmed to be conserved among the
current Saudi strains, except for strain Taif-103 (A/ON1), which has lost one of the N-glycosylations at
N120. It is known that N-glycosylation is important for the folding and transport of viral proteins and
hence virus infectivity [37]. It is worth mentioning here that the three N-glycosylation sites—N116,
N120, and N126—are found in close proximity to the proteolytic cleavage site [38,39]. It seems that the
T122A amino acid substitution that resulted in a loss of the N-glycosylation site in Taif-103 does not
affect the fusion or the proteolytic affinity of the protein, as confirmed previously [38].

The deduced amino acid sequence of the G gene revealed the presence of L298P, V303A, and Y304H
amino acid substitution in all ON1 Saudi strains. Y273N was detected in Taif 23 and L274P was
detected in the Taif-24 and Taif-103 strains. Such substitutions are considered noteworthy as they are
present next to aa 265–273 (antigenic site) [40]. The P310L was recorded in the majority of the Saudi
strains. Positively selected residues reported by Botosso et al., were found to be conserved in the Saudi
ON1 and NA1 strains, except at the residues T237D and L274P [41] that constituted escape-mutant
screened monoclonal antibodies [42,43]. The N273 N-glycosylation site was lost in the Saudi NA1
and most of the ON1 strains, which was also observed in NA1 strains from Japan and China [11,20].
Absence of the N250 site in all Saudi strains except for Saudi GA5 strains was expected, since it is a
specific N-glycosylation site for both GA5 and SAA1 of hRSV-A [11]. The variation of the number of
N-glycosylation sites was found to be associated with altered antigenicity [44].

5. Conclusions

Direct partial F gene sequencing represents an accurate method for hRSV-A genotyping that
matched partial G gene sequencing results. The current study provides evidence of the circulation of
GA5, NA1, and ON1 genotypes in Saudi Arabia. Although mutations in conserved or escape-mutant
domains were detected in both F and G proteins, most of them do not affect the virus’ virulence.
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