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 Prostate cancer (PC) is the leading cause of cancer death in men over 70 

years old in Morocco. Viral infections appear to cause genetic changes 

leading to the initiation and progression of PC. Several studies have sought 

the association between PC and certain infectious agents including herpes 

simplex type 2 (HSV-2). HSV-2 is a virus that can prevent autophagy of 

infected cells, promotes angiogenesis and encodes microRNAs acting as 

carcinogenesis cofactors in PCs. Our study aimed to analyze the blood 

prevalence of HSV infection in Moroccan patients with PC and their 

possible associations with clinico-pathological features. A total 100 blood 

samples from Moroccan patients were analyzed by Conventional PCR 

technique with specific primers for HSV-2. Among the 100 cases, 38 (38%) 

were positive for HSV-2 and 62 (62%) were negative. No significant 

association was found between HSV-2 infection and high risk of prostate 

cancer based on the D'Amico classification (p=0.727). Our finding showed 

that a possible association has been demonstrated between the high risk of 

PC and HSV-2 infection. More case-control studies and molecular analyzes 

are essential to explain the infection of HSV-2 and its association in PC. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The prostate cancer (PC) is considered to be the most common cancer in the world after lung cancer with 

approximately more than 1,414,259 new cases in 2020 [1], it is the leading cause of cancer death in men 
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considering 375,000 deaths in the world. The PC incidence of this cancer is increasing rapidly in Africa with 

annual increases ranging from 2% to 10% reported in Kenya, Uganda, Mozambique, South Africa and 

Zimbabwe [1]. In Morocco, the PC represents the leading cause of cancer death in men over the age of 70, 

and the second in the overall mortality category after bronchopulmonary cancers [2]. According to the Cancer 

Registry of the Greater Casablanca region, PC affected 12.4% of cancer cases in men, an incidence of 11.3 

per 100,000 men, 38% of the cases recorded during the period 2008-2012 were men over the age of 75. 

 

The pathogenesis of the PC depends on both hereditary and environmental factors. Furthermore, Research 

has shown a high risk of developing PC in men with a history of sexually transmitted infections [3]. This 

would imply that a sexually transmitted infectious agent could be a cofactor in the development of PC. Some 

infectious agents have been reported to cause genetic, immunological and inflammatory changes by driving 

the initiation and progression of PC following interaction with host proteins [4]. 

 

Genital infection can be caused by Herpes type 2 (HSV-2), a member of the Herpesviridae family consisting 

of double-stranded DNA material, manifests as very painful genital ulcerations in both sexes [5]. According 

to the WHO, The HSV2 infection is one of the most common causes of genital ulceration in the world, it 

affects approximately 491 million people worldwide, the incidence of which increases with age, and it has 

the effect to triple the potential for acquiring a new HIV infection. And the disruption of the mucous 

membranes caused by the ulcer produced following infection with HSV-2 contributes to the spread of HIV 

and the reactivation of the virus causes the infiltration to the mucous membranes of activated CD4 

lymphocytes targets of HIV-16 binding [6]. The seroprevalence of HSV-2 varies between 10 and 60% [7]. In 

Morocco, a seroprevalence of of 22.1% was found for this virus in men aged over 45 and it increases with 

age [8]. HSV-2 is among the viruses that prevent the onset of autophagy by allowing its persistence in infected 

cells, and it promotes angiogenesis and metastasis of several types of cancers [9]. However, it appears to 

remain a cancer cofactor as it does not play a direct role, some virus-encoded microRNAs act as a 

carcinogenesis cofactor in some PCs [10]. 

 

The association between the molecular presence of HSV-2 infection in the blood PC patients with clinic 

pathologic parameters has not been previously studied in Morocco. The aim of this work was to verify 

whether the infectious agent of genital herpes type 2 present in the blood is associated with the clinical and 

pathological criteria and the risk of PC. 

 

2. Materials and methods 

 

2.1 Samples collection 

A prospective study was performed at the Laboratory of Virology, Oncology, Biosciences, Environment and 

New Energies (LVO BEEN), Faculty of Science and Technology, Mohammedia, with the intention of 

detecting the molecular presence of HSV-2 in 100 fresh blood samples from patients presenting with 

confirmed prostate cancer, collected from June 2021 to February 2022 at the Urology Department of the 

Mohammed V Military Construction Teaching Hospital in Rabat, Morocco. We included samples presenting 

the appropriate clinical and pathological criteria, namely: age, PSA, Gleason score, stage of prostate tumors 

TNM, medical and surgical history, body mass index (BMI) as well as tobacco and alcohol consumption and 

50 samples from healthy men for controls, those with no clinical data were excluded. 

 

This study was approved by the Ethics Committee for Biomedical Research in Morocco (No. 3/2018/April 

30, 2018), each patient chosen according to the inclusion criteria signed a constantly informed statement and 

their information was used in a confidential manner in compliance with ethical standards. 
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2.2 Extraction of viral DNA 

We obtained DNA from whole blood samples using the genomic DNA mini kit (High pure PCR template 

preparation kit) in accordance with the manufacturer's instructions. The extracted DNA was diluted in 35 μl 

of distilled water and stored at -20°C for later use. To quantify DNA purity, it was subjected to 

spectrophotometry using the Nanodrop spectrophotometer (Thermo Fisher Scientific, Inc.) by absorbance 

measurements at 260/280 nm. 

 

2.3 DNA detection and amplification 

Evaluation of the quality of the extracted DNA: 

All extracts were evaluated by β -globin gene amplification by PCR using the following specific primers 

PC04 (CAA CTT CAT CCACGTTCACC) [11] and GH20 (GAAGAGCCAAGGACAGGTAC), the PCR 

products visualized by electrophoresis. 

 

Amplification of viral DNA 

All positive products of the ß -globin amplification were subjected to viral gene amplification by PCR which 

consisted of a reaction of a volume of 25 μl containing the genomic DNA (8ng), 12.5 μl of the Master Mix 

(Vazyme Green Taq Mix), 6.5 μl of distilled water and 2 μl of HSV-2 specific primers sense 

(TATGCCTATCCCCGGTTGGA) and antisense (CGTGCCATCCGAATAAACGTG) [12]. 

 

Amplification was performed by Perkin Elmer 2400 Thermal Cycler® (Perkin Elmer, Inc.) according to the 

following protocol: Initial denaturation at 94°C for 3 minutes, 35 cycles of denaturation at 94°C for 1 minute, 

annealing at 55.6 °C for 1 minute and elongation at 72°C for 1 minute. A final elongation step was added at 

72°C for 10 min. 

 

The PCR products obtained were fractionated by size and confirmed by electrophoresis on 1.5% agarose gel 

for 1 h 30 min at 70 V, visualized with 2 μl ethidium bromide under UV light. 

 

2.4 Statistical analysis 

We performed all statistical analyzes by SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA). The chi-square 

test and Fischer’s exact test of was applied to compare the clinical and pathological parameters of prostate 

cancer (Age, PSA, Gleason score, TNM stage, BMI, etc.) between the positive cases for the detected HSV-2 

viruses and the negative cases. We considered the difference statistically significant when the p-value is 

<0.05. 

 

3. Results 

In this study, 150 blood samples including 100 from patients with PC were collected at the Urology 

Department of the Mohammed V Military Hospital in Rabat and 50 samples from healthy men collected from 

a medical analysis laboratory in Mohammedia. The age of the patients included in this research varied from 

49 to 92 years with an average of 69.79±9.08 years, 84 (84%) of them were people over 60 years old and 16 

(16%) had under 60 years old. The molecular detection of the viral genome was examined at the Laboratory 

of Virology at the Faculty of Sciences and Techniques of Mohammedia by PCR, of the hundred cases studied 

38 (38%) were positive for HSV-2 and 62 (62%) were negative. While among the control group 15 (30%) 

cases were positive for HSV-2. No association was found between the case and controls groups. 

 

The clinical parameters were investigated, the age of the people included in the study varied from 49 to 92 

years, 84 (84%) of them were over 60 years old with an average of 72.3±77.35 years. Regarding PSA, 9 (9%) 

of the population studied had a normal PSA level, 22 (22%) had a level between 4 and 10ng/ml while 67 of 
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the cases had a PSA greater than 10ng/ml which is considered abnormal. 

 

Gleason score was less than 7 for 15% of the population, 26 (26%) patients had a score of 7 and 31 had a 

score more than 7. Regarding the stage of 32 (32%) cases had the tumor in 5% or more of the prostate therefore 

they were recorded as having a T1 stage. 37 others had stage T2 and 7 with stage T3, indicating that the tumor 

had spread outside the gland and/or to the seminal vesicles, while the remaining 13 (13%) had cancer that 

had invaded the other organs considered at stage T4. 

 

Moreover, among the men studied, 43 (43%) have different medical histories, especially high blood pressure 

and type-2 diabetes, otherwise 57 (57%) other patients had no history. 26 cases were previously operated and 

74 do not. 

 

Clinicopathological parameters, we took into consideration other parameters such as tobacco and alcohol 

consumption in addition to body mass index. It has been recorded that 55 (55%) of our population uses 

cigarettes and 32 (32%) consumes alcohol. 

 

The characteristics of the infected patients are documented in Table 1. The men infected with the HSV-2 

virus were aged between 51 and 92 years, No association was found between age of the subjects and the viral 

infection. 26 (38.8%) of them had an abnormal PSA level. A significant p value was found between PSA of 

the infected and uninfected groups (P=0.044) with an (OR 8.00 95% CI 0.851-75.2) which means a higher 

risk of PSA is observed among infected prostate cancer patients. No significant relationship was recorded 

either between cancer patients infected with HSV-2 and those uninfected. 

 

Table 1. Association between clinical parameters and patients infected with HSV-2 compared to uninfected 

patients. 

Clinical and pathological features Infected p-value 
a
 OR (95%CI) 

Age (years) ≤ 60 7 (46.7%) 0.453 0.656 (0.217-0.1.98) 

> 60 31 (36.5%) 

 

PSA ( ng /ml) 

  0.131  

<4 1 (11.1%)   

4 ≤ PSA <10 11 (50.0%) 0.044* 8.00 (0.851-75.2) 

≥10 26 (38.8%) 0.355 0.634 (0.241-1.67) 

 

Gleason score 

  0.504  

<7 6 (40.0%)    

7(3+4) 2 (15.4%) 0.150 0.273 (0.043-1.69) 

7(4+3) 5 (38.5%) 0.185 3.44 (0.527-22.4) 

>7 10 (32.3%) 0.692 0.762 (0.198-2.93) 

   0.986  

 

TNM stage 

T1 12 (37.5%)   

T2 15 (41.7%) 0.726 1.19 (0.499-3.16) 

T3 3 (37.5%) 0.828 0.840 (0.173-4.07) 

T4 5 (38.5%) 0.965 1.04 (0.169-6.40) 

Medical background Yes 

No 

11 (28.9%) 

27 (43.5%) 

0.144 0.528 (0.223-1.25) 

Surgical history 

 

Yes 8 (30.8%) 0.377 0.652 (0.251-1.69) 

No 30 (40.5%)   
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Tobacco Yes 19(34.5%) 0.431 0.722 (0.321-1.63) 

No 19 (42.2%)   

Alcohol consumption Yes 13 (40.6%) 0.711 1.18 (0.498-2.78) 

No 25 (36.8%)   

   0.270  

 

BMI 

<18 2(5.71%)   

18 ≤ IMC <25 22(62.85%) 0.320 0.306 (0.026-3.57) 

25 ≤ IMC <30 8(22.85%) 0.527 0.727 (0.271-1.95) 

≥30 3(8.57%) 0.087 6.75 (0.605-75.3) 

p-values are calculated using the Chi-square and Fisher’s exact tests for differences between groups 

 

Gleason score of more than 7, which translates into a very early and high-grade tumor development, was 

found in 10 (32.3%) of infected cases with a similar proportion in uninfected people. While 6 (40.0%) of 

carriers of the virus had a score below 7. Among the infected group 5 (38.5%) had a 7(4+3) gleason score 

(p=0.185, OR 3.44 95% CI 0.527-22.4) which means that the infected prostate cancer have a higher risk of 

presenting a high-grade tumor development. 

 

Regarding the TMM stage, 12 and 15 infected patients had an early stage T1 and T2 presenting a high risk 

(OR 1.19 95% CI 0.499-3.16). In addition, 3 (37.5%) infected patients had a T3 stage and 5 (38.5%) had a 

T4 stage (OR 1.04 95% CI 0.169-6.40). 

 

No significant relationship was found between the consumption of tobacco and alcohol between the groups 

infected and not infected with the virus (P = 0.431; P = 0.711). 

 

Based on the D'Amico classification, which is a model based on the Gleason score, the TNM clinical stage is 

the level of PSA. Patients with prostate cancer are classified as low, intermediate or high risk. No significant 

association was observed (Table 2) between the level of cancer risk between HSV-2 infected and uninfected 

cases (P =0.727). Noting that on the one hand 6 (46.2%) of infected cases had a low risk of cancer, 7 (33.3%) 

presented an intermediate risk and 8 (34.8%) had a high risk. On the other hand among unaffected men 7 

(53.8%) presented a low risk and 14 (66.7%) had an intermediate risk while 15 (65.2%) were classified as 

having a high risk. 

 

Table 2. Prostate cancer risk association based on D'Amico classification between HSV-2 infected patients 

versus uninfected patients. 

Risk of prostate cancer Infected Not infected p-value 

Low risk a 6 (46.2%) 7 (53.8%) 0.727 

Intermediate risk b 7 (33.3%) 14 (66.7%) 

High risk c 8 (34.8%) 15 (65.2%) 

a Low risk of prostate cancer (Gleason score ≤6 and PSA ≤ 10). 
b Intermediate risk of prostate cancer (Gleason score = 7 and PSA > 10; ≤ 20). 
c High risk of prostate cancer (Gleason score ≥8 and PSA>20). [13] 

P-values are calculated using the Chi-square and Fisher’s exact tests for the two groups. 
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4. Discussion 

It has been demonstrated for years that viral infections can damage the DNA of host cells, induce the 

progression of cell proliferation and angiogenesis of prostate tissue [14]. Among the characteristics of HSV-

2 is the ability to evade immunity and enter latency after primary infection [15]. PC progression and primary 

tumor growth promoted by increased expression of inflammatory cytokines (IL-6, TGF-B) has been shown 

to be dependent on inflammation induced by exposure to viral genital infections [16]. Other studies have 

demonstrated that increased expression of an oncogenic herpes miRNA hsv-2miR-H9-5p in prostate tumor 

tissue while tissues lacking this expression is raised indicating that these miRNAs may be involved in prostate 

carcinogenesis [17]. In addition, it has been discovered that HSV-2 DNA encodes viral proteins that prevent 

the initiation of the cell autophagy mechanism, which allows viral infections to persist in host cells [9]. 

Therefore, the persistence of several viral infections may increases the risk of cancer, the persistence of HHV-

8 in the prostate alters the growth properties of infected cells by inhibiting immune surveillance and apoptosis, 

contributing to androgens in prostate cells Independent growth and promotion of angiogenesis. Furthermore, 

the persistence of HPV and SV40 can lead to neoplastic transformation of prostate cells [4]. 

 

The association between HSV-2 infection and PC remains a controversial issue. The effects of this genital 

infection are poorly understood. The PC study found a significant association between HSV-2 seropositivity 

and PC incidence [18], [19]. However, other studies have found no association between prostate cancer risk 

and HSV-2 seropositivity [20], [21]. Furthermore, some studies has looked for the molecular presence of 

HSV-2 in prostate tissue to assess the association between cancer and common genital infections, concluding 

that there is no association between PC and persistent HSV-2 infection [22], which is consistent with the 

result of a meta-analysis exploring the associations between several microbial infections, including HSV-2 

and PC [23]. Nevertheless, no study was found looking for the correlation between the molecular prevalence 

of HSV-2 in Morocco and the increased risk of PC which makes our study has several points of interest. 

 

This current study reported a 38 (38%) molecular prevalence of HSV-2 (out of a total of 100 PC cases) while 

studies have detected a seroprevalence of 22.1% which increases with age in men Moroccans aged over 45 

[8]. It is assumed that HSV-2 infection had no direct association with the increase of the risk of PC, no 

significant association was found between the risk of PC and HSV-2 infection (P = 0.727) indicating that 

viral DNA may not induce genetic transformations and changes that causes mutations. This conclusion is 

confirmed by results of several studies, [20], [21]. The association between HSV-2 infection and clinical 

parameters was also analyzed, no correlation was demonstrated between infected and uninfected cases with 

clinical parameters age, PSA, Gleason score, TNM stage (p =0.453, 0.131, 0.504, 0.986 respectively) which 

is in accordance with the results of a recent study [6]. The stage of the tumor of 27 (79.2%) of the infected 

cases was at stage T1 and T2 which indicates that at the beginning of the tumor progression was presented a 

viral infection with HSV-2. Tomkins and al. was found that in HPV-infected cervical epithelial cells HSV-2 

acts as a cofactor in the progression from normal cells to tumor cells as the danger of HSV-2 mutations 

increases due to co-infection with HPV-E6 which causes inactivation of the p53 protein resulting in abnormal 

proliferation of epithelial cells [25]. In the Moroccan population, HPV infection of prostate tissue has been 

shown to correlate with prostate tumor criteria [26]. 

 

5. Conclusion 

In conclusion, this work evaluated no potential association between HSV-2 infection and prostate cancer risk. 

However, also no association between HSV-2 infection and prostate cancer parameters was detected. The 

results of this study failed to explain a possible role of HSV-2 infection in prostate cancer. Then, further 

research and large sample studies are needed to elucidate the underlying mechanisms of viral carcinogenesis 

and the association between herpes virus infection and prostate cancer risk. 
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