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Abstract

:

Background: Human cytomegalovirus (HCMV) is an important pathogen in immunocompromised individuals where it causes end organ diseases leading to increased morbidity and mortality. The aim of this study was to determine the prevalence of HCMV infection and its associated risk factors among HIV patients in Edo State, Nigeria. Methods: A total of 150 HIV patients consisting of 80 males and 70 females were enrolled for this study. About 4 mL of venous blood was aseptically collected from each participant by venipuncture and was centrifuged to obtain serum. The serum was screened by ELISA for HCMV IgG and IgM antibodies. Results: The results obtained were analyzed using SPSS version 20 for data analysis. An overall prevalence of 32.7% for HCMV IgM antibodies was recorded among the HIV patients. Males had a higher prevalence of 55.1% HCMV IgM antibodies than their female counterparts with 44.9% HCMV IgM antibodies. HCMV was more prevalent among the age group <19 years (51.0%), followed by the age group 20–39 years (30.6%), while the age groups >60 years, and 40–59 years recorded a prevalence of 12.2% and 6.1%, respectively. Conclusions: The co-occurrence of HCMV IgG and IgM antibodies, religion and location significantly influenced the acquisition of HCMV infection among HIV patients. Integrating HIV prevention by spreading awareness and early diagnosis of HCMV is key to reducing complications from these viral infections in HIV disease patients.
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1. Introduction


Human cytomegalovirus (HCMV) is the largest of the family Herpesviridae. It is prevalent across the globe and affects individuals of various age ranges, genders, and ethnicities [1]. HCMV leads to opportunistic infections (OIs) among individuals who have human immunodeficiency virus (HIV). It is globally endemic and rampant in developing countries [2,3] rather than in developed countries [4]. HCMV has been an important viral pathogen in humans for more than a century with manifestations ranging from asymptomatic in immunocompetent patients to severe end-organ dysfunction in immunocompromised patients with HCMV disease [5]. HCMV causes various life-threatening infections like chorioretinitis, pneumonia, enteritis, encephalitis, colitis and neuropathy [6]. HCMV can be transmitted by direct contact with bodily fluids such as saliva, tears, urine, stool, semen and breast milk [7]. HCMV is latent in most cases, but in immunocompromised individuals, the virus replicates exponentially and spreads throughout the body in the blood, causing cytomegalovirus (CMV) viremia and even organic CMV disease [8]. Detection of HCMV-specific IgM antibody is a diagnostic method for the detection of HCMV DNA by the use of polymerase chain reaction (PCR) test [9]. Below is the structure of HCMV (Figure 1).



The human immunodeficiency virus (HIV) belongs to the Lentivirus family and is responsible for causing acquired immune deficiency syndrome (AIDS). It leads to the breakdown of the body’s immune system, making it vulnerable to infections [11]. Preventing the spread of infection is crucial, and this involves promoting safe sexual practices, proper needle usage, and open communication with partners. A primary treatment approach for patients during the early phase of the disease involves a combination therapy called antiretroviral therapy [12]. The main test for detecting HIV is an FDA-approved antigen/antibody immunoassay designed to identify HIV-1/2 antibodies and the HIV-1 p24 antigen. An HIV nucleic acid test is also performed to detect the presence of HIV RNA in infected blood [13]. The factors that predispose an individual to cytomegalovirus infection and also lead to the transmission of the infection from person to person can be a result of an immunocompromised system as in HIV patients, engaging in unprotected sexual contact with infected persons, poor hygiene practices, blood transfusions, accidents in health care settings, depreciating socioeconomic standards and also from mother to baby before or during birth [14].



Infection with human cytomegalovirus is widespread, with its occurrence being less common in developed nations and more common in economically disadvantaged countries. In the year 2022, an average of 630,000 individuals succumbed to causes linked to HIV/AIDS on a global scale. The region most heavily impacted is Sub-Saharan Africa, where 4.2 to 5.5 million individuals are living with HIV in western and central Sub-Saharan Africa, and 17.4 to 24.5 million individuals are living with the virus in eastern and southern Sub-Saharan Africa according to the 2022 global HIV and AIDS statistics [15]. Also, previous studies have reported HCMV infection rates of 92% among prospective blood donors [16] and 96% among non-HIV patients in separate studies previously carried out in Nigeria [17,18]. Moreover, the reports from Nigeria show that the HCMV seroprevalence varies greatly with a variety of epidemiological factors such as age, geographical distribution, socioeconomic status and marital status [18]. Research has shown that HCMV co-infections increase the danger of human immunodeficiency virus transmissions [19]. The seminal shedding of HCMV has been found to be partially liable for a large amount of new HIV infections, even more so than common STIs, such as gonorrhea, syphilis, chlamydia, or herpes simplex virus type 2 (HSV-2) [19]. Understanding how HCMV works with HIV transmission can facilitate the development of improved HIV prevention strategies in the future.



HIV prevalence in Nigeria is notably lower compared to certain other African nations like South Africa and Zambia. In Nigeria alone, approximately 49,000 individuals lost their lives to AIDS in the year 2020 [20]. AIDS, a condition stemming from HIV infection, remains a significant global public health concern. Statistical projections for the year 2022 indicated that there were around 39.0 (33.1 million–45.7 million) individuals living with HIV worldwide, with 1.3 million newly identified HIV-positive cases and 0.63 million fatalities attributed to HIV/AIDS-related illnesses [15]. In industrialized countries such as USA, Australia and Europe, HCMV sero-prevalence among the adult population is between 35% and 80% [21,22], in contrast to highly endemic areas of countries in Africa and Asia, where sero-prevalence approaches 100% [4,21].



Previous studies have reported HCMV infection rates of 93.2% and 19.5% in Ghana and Nigeria, respectively [4,17]. Also, a prevalence rate of 92% and 96% were obtained in separate studies previously carried out in Nigeria [16,17]. HCMV prevalence rates in some parts of Nigeria were from 92% in Jos to 96% in Lagos, both in 2009 [16,17]. Research conducted in the past has indicated that individuals who are simultaneously infected with both HIV and HCMV tend to experience a swift advancement towards AIDS and, ultimately, demise. This outcome remains consistent even among those who are undergoing highly active antiretroviral therapy. The impact of the infection on organ systems in individuals who are HIV-positive with diminished CD4+ cell counts resembles the effects observed in recipients of organ transplants. Laboratory diagnosis of HCMV is rarely performed as a routine test by individuals especially in underdeveloped or developing countries [4,22]. This may result in under diagnosis of the disease and the negligence of treatment, which invariably contributes to the transmission, morbidity and subsequent mortality in HIV patients. The objective of this research was to ascertain the occurrence rate of cytomegalovirus infections within HIV-positive individuals in Edo state, Nigeria. The study was poised to answer questions on the prevalence of HCMV infection among people living with HIV in Edo State, Nigeria, the possible risk factors of HCMV infection and the effective strategies to improve access and uptake of HCMV testing among individuals in the State.




2. Materials and Methods


2.1. The Study Area and Population


This is a single-center study conducted in Edo State, a multicultural metropolitan state located in the southern part of Nigeria. The study covered a period of 5 months and consisted of one hundred and fifty (150) HIV positive patients attending the HIV clinics at the central hospital, Benin City, Edo State, Nigeria. The state is estimated to have an average population of 3,233,366 [23]. The people living in this area are mainly involved in trading and farming while the majority of them work in the public sector. Known HIV patients attending the HIV clinics at the central hospital, Edo State were recruited into this study. A total of one hundred and fifty (80 males and 70 females) HIV positive patients attending the HIV clinics at the central hospital, Edo State constituted the study population while 50 non-HIV positive apparently healthy individuals served as controls.




2.2. Inclusion Criteria


The study included only known HIV positive patients attending the HIV clinics at the central hospital that consented to participate in this study.




2.3. Sample Size


The sample size of the study was determined using the HCMV IgM antibodies’ prevalence from previous studies on HCMV infection among HIV positive patients in Benin City, Nigeria, which was 7.0% [24]. The sample size for this study was then obtained using the formula described by [25].


N = (Z)2 P (1 − P)/(D)2



(1)




where;



	
N = the necessary sample size



	
Z = confidence level set at 95% (standardized value of 1.96)



	
P = projected HCMV prevalence among HIV patients in Benin City (7.0%)



	
D = acceptable margin of error of 5% (standardized value = 0.05)



	
N = 1.96 × 0.07(1 − 0.07)/(0.05)2



	
= 3.8416 × 0.07 × 0.93/0.0025



	
= 100 samples






A total of 150 HIV patients (samples) were recruited and participated in the research.




2.4. Specimen Collection


Approximately 4 mL of venous blood were collected from each participant using a sterile technique through venipuncture. The blood was then placed into clean, unaltered containers and subjected to centrifugation at a speed of 3000× g revolutions per minute for a duration of 10 min in order to obtain the serum. The sera obtained were stored at −20 °C before sample analysis.




2.5. Laboratory Analysis


Prior to the analysis, the ice-covered sera were defrosted at room temperature or about 45 min and all reagents were brought to room temperature. The thawed sera were then homogenously mixed and screened for HCMV antibodies using ELISA test kits from Elabscience, Huston, TX, USA in accordance with the manufacturer’s directives.




2.6. Quality Control


The usage was in accordance with the manufacturer’s directives. The kits were stored at the manufacturer’s recommended temperature (2–27 °C). The quality control tag was checked to ensure it was not tampered with before purchase. Data precision was ensured through the process of entering all acquired data twice.




2.7. Statistical Analysis


The data collected from the questionnaire and the findings from the laboratory analysis were assessed using SPSS version 20 software. To establish the connection between demographic information and prevalence rates, the Pearson Chi-square test was employed with a 95% confidence interval and a significance level set at 0.05.





3. Results


An overall prevalence of 32.7% for HCMV IgM antibodies was recorded among HIV patients in Edo State, Nigeria (Table 1).



Table 2 shows some demographic characteristics of the patients. Gender of participants in this study did not influence the prevalence of HCMV infection among HIV patients (p = 0.8618). The prevalence of HCMV infection was higher in males (55.1%) than their female counterparts (44.9%). The patients’ age also did not significantly influence the prevalence of HCMV infection among the study participants (p = 0.083). The prevalence of HCMV infection was higher among the <19 years age group (51.0%), followed by the 20–39 years age group (30.6%), then by the >60 years age group (12.2%) and the 40–59 years age group recording the least prevalence (6.1%). The place of residence of the study participants significantly affected the prevalence of HCMV infection among HIV infected patients (p = 0.002). The prevalence of HCMV infection was however higher in those residing in the urban areas (61.2%) than those in the rural areas (38.8%). Religion significantly impacted on the prevalence of HCMV infection among HIV patients (p = 0.0024). However, the prevalence of HCMV infection was higher in Christians (77.9%) than their Muslim counterparts (22.1%).



Table 3 shows the co-detection of HCMV IgM and IgG antibodies among the HIV patients. The co-detection of HCMV IgG and IgM antibodies in this study statistically significantly influenced the prevalence of HCMV infection among HIV patients (p ≤ 0.001) and (p = 0.019) IgG and IgM, respectively. The prevalence of HCMV was higher in IgG (40.7%), compared to its prevalence in IgM (32.7%), whereas the co-existence of both IgG and IgM among the positive patients was 14.0% (Table 3).




4. Discussion


The findings derived from this investigation revealed a seroprevalence of 32.7% of HCMV IgM antibodies among HIV patients in Edo State. This prevalence rate is considerable, suggesting a heightened susceptibility to factors prompting the reactivation of HCMV infection. Additionally, the elevated rates of social engagement, involvement in commercial sex activities, engagement with multiple sexual partners, declining socioeconomic conditions, and inadequate hygiene practices are aspects that could contribute to the elevated prevalence levels. Our result is similar to the findings obtained in Iran with a prevalence of 33% [26] among pregnant women; 29.3% among women of reproductive age attending selected hospitals in Zaria, Kaduna State, Nigeria [27]. This seroprevalence is higher when compared to the 3.1% obtained among HIV infected adult patients on HAART, in 2012 [24]; 19.5% obtained in a study among healthy blood donors at Lagos University Teaching Hospital in 2009 [17]; 9.52% recorded among AIDS patients in India [28] and 2.5% recorded among pregnant women in western Sudan [29].



Analysis of the results based on gender shows that there was no significant association between HCMV IgM antibodies and gender, though the male participants had a higher prevalence of 55.1% compared to the females at 44.9%. This study recorded a significantly higher percentage of males having HCMV IgM antibodies than their female counterparts. The noticeable increase in the rate of active infection among males compared to females in this research implies that males might encounter more factors that contribute to the reactivation or reinfection of HCMV among the participants in the study. Immunosuppression and patients who have immune compromising diseases such as HIV, by engaging in multiple sexual relationships makes them prone to HCMV re-activation and disease. A similar trend was reported by Fotowade and colleagues in 2015 [30].



The prevalence based on age revealed no significant difference in HCMV IgM antibodies and age. This finding agrees with a previous report of Adeola and co-workers among patients in Ilorin, Nigeria [30]. This study recorded a prevalence of HCMV IgM antibodies of 51.0% among patients in the age range <19 years; 30.6% among the 20–39 years age group; 12.2% among the >60 years age group; whereas 6.1% among the 40–59 years age group recorded the lowest prevalence [30] This finding of 51% prevalence of HCMV IgM antibodies, among the <19 years age group indicates that this is the age range where HCMV infection commonly develops and can be attributed to a low level of education in this age group. Furthermore, these patients fall within the adolescent age group, which could make them more prone to engaging in risky behaviors that facilitate transmission. Additionally, the substantial occurrence of HCMV IgM antibodies at a rate of 30.6% among individuals aged 20 to 39, signifies the prevalence of active infection within sexually active young and mature adults who are more likely to exhibit promiscuous behavior and therefore have an increased likelihood of infection. Moreover, the prevalence of HCMV IgM antibodies observed among patients aged between 40 and 59, as well as those above 60, illustrates the cumulative nature of the infection due to the latent presence of the virus in the body; once infected, an individual remains so for life. Hence, this might be attributed to reactivation, as the virus is capable of resurfacing when the immune system is compromised. This trend aligns with the conclusions drawn in a previous study [31].



When examining the outcomes according to geographical region, it becomes evident that a noteworthy correlation exists between HCMV IgM antibodies and location. Nevertheless, the prevalence was more pronounced in urban locales, at 61.2%, as opposed to rural regions, where it stood at 38.8%. The high levels of HCMV infection in urban areas rather than rural areas may be due to a massive increase in urban population causing basic infrastructure to be insufficient, coupled with social and economic inequalities. Higher rates of social interaction, commercial sex activity and multiple sexual partners, depreciating socioeconomic standards, poor hygienic practices, low standards of education and racial differences between the populations are valid factors that might be responsible for this variation in prevalence rates obtained by certain studies [32,33]. Analysis of the results based on religion shows that there was a significant association between HCMV IgM antibodies with religion. The prevalence was however higher in Christian 77.9% than their Muslim counterparts 22.1%. More so, religion is not a known predisposing factor to the acquisition of HCMV infection among HIV patients. Therefore, this higher prevalence observed among the Christian population compared to their Muslim counterparts may be due to population differences. It was observed that there were many more study participants who identified as Christians than those who identified as Muslims.



The presence of specific HCMV IgG and IgM antibodies concurrently, demonstrated that there was no substantial link between the prevalence of HCMV co-antibodies among the HIV patients under investigation. The prevalence of HCMV IgM antibodies was 32.7%, while that of IgG antibodies was 40.7%. This suggests a heightened rate of anti-CMV IgM antibodies due to reactivation of the infection; since the virus remains latent, individuals already carry the virus when exposed, particularly those with compromised immune systems. Additionally, when examining the co-infection of specific HCMV antibodies (IgM and IgG), there was a significant correlation observed with the prevalence of HCMV co-antibodies in the studied HIV patients. The prevalence of both HCMV IgM and IgG antibodies was 14.0%. This underscores the increased risk of HIV transmission associated with HCMV co-infection. HCMV has been identified as a partial contributor to a substantial number of new HIV infections, surpassing even common sexually transmitted infections like gonorrhea, syphilis, chlamydia, or herpes simplex virus type 2. The co-infection of HIV and HCMV often accelerates the progression to AIDS. The compromised immune systems in HIV patients make them susceptible to virus re-infection, leading to long-term medical complications and potential fatality. These findings are in accordance with the research by Gianella and colleagues [19].




5. Conclusions


Our study recorded a prevalence of 32.7% HCMV IgM antibodies among HIV patients indicating that the seroprevalence of HCMV infection is widespread among males and females in Edo State, Southern Nigeria. The high prevalence was attributable to co-infection, location and religion. It is advisable to adopt strategies aimed at managing the transmission of HCMV infection through addressing the risk factors identified in this study. HCMV holds significance as a prominent pathogen within African populations, serving as a source of acute illness, especially in individuals with weakened immune systems and those living with HIV. Enhancing the implementation of diagnostic tests and clinical trials for treating acute HCMV-related conditions is crucial, particularly in patient groups such as HIV-infected or exposed children with HCMV, as well as in HIV-infected adults exhibiting signs of active HCMV infection or disease. Establishing routine laboratory diagnoses plays a pivotal role in proactively preventing the onset of this disease.
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Policy Recommendations


Further investigations involving a sizable participant pool on a national scale are warranted to gain a comprehensive understanding of HCMV–HIV co-infection. This holistic view can then serve as a foundation for the development of national strategies for disease prevention and treatment. Moreover, the use of anti-CMV therapy in conjunction with ART for individuals with HCMV viremia is advisable, as this approach could alleviate the burden of HCMV-related complications and subsequently extend the life expectancy of individuals living with HIV. Efforts should also be made to educate HIV-infected patients about the transmission mechanisms of HCMV, similar to the practices in place for other sexually transmitted diseases. Additionally, promoting preventive measures such as opting for HCMV-free blood transfusions for those who test negative for HCMV, when feasible, can be beneficial. Alongside safe sexual practices and the avoidance of potentially contaminated needles, the emphasis on effective antiretroviral treatment remains a prime method for preventing HCMV disease in HIV-infected patients. Identifying individuals at risk and closely monitoring cases of HCMV end-organ disease are other pertinent strategies for prevention. We also recommend CMV viral load testing to better monitor the infection and treatment of HIV-positive patients.
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