


Premarital Screening for Haemoglobin Genotype, HIV and Syphilis among Prospective Couples in Port Harcourt, Nigeria

Abstract
Background: Premarital medical screenings for prospective marital couples are vital public health tools for the prevention of such hereditary diseases as sickle cell disease, sexually transmitted and bloodborne infections, which may be transmitted from one spouse to the other and to their offspring. While the screening for haemoglobin genotypes is useful in preventing couples at risk from passing the homozygous SS or related genes to their children who may suffer from sickle cell disease (SCD), HIV, and syphilis screening are helpful in the prevention and control of the associated infectious diseases.
Methodology: In this retrospective, descriptive cross-sectional study, the laboratory records of premarital screenings for couples who were tested for Hb genotype, HIV and syphilis were reviewed and analysed statistically using descriptive statistics and chi-square test of independence.
Results: The genotype results in this study reveal that 76% of the persons tested were Hb AA, followed by 116 who were reported to be Hb AS (23%), Hb SS (0.8%), and Hb AC (0.2%). A preponderant number of the marital unions were noticed to be between Hb AA males and Hb AA females, accounting for 59.9%; Hb AA and Hb AS couples (32.5%), Hb AA and Hb SS(1.2%), Hb AS and Hb AS (5.6%), while Hb AS and Hb SS (0.4%). The total prevalences of HIV, syphilis, HIV/ syphilis co-infection and overall infection of HIV and/ or syphilis are observed at 1.0%, 0.4%, 0.2% and 1.2% respectively.
Conclusion: The diseases intended to be controlled in this study are of particular concern with regard to their public health implications. It is recommended that national campaigns be carried out to promote awareness on PMSTs and the treatment of persons infected with syphilis and HIV.
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Introduction
The public health roles of premarital medical screening in curtailing the incidence of some hereditary diseases, sexually transmitted and bloodborne infections have gained increasing attention and recognition in the past couple of decades. Premarital screening tests (PMSTs) consist of laboratory investigations conducted on individuals who are preparing to get married, with the aim of preventing the transmission of certain genetically transmitted diseases to their offspring, or the transmission of sexually transmitted and bloodborne infectious diseases to each other or to their offspring.1 These tests, such as haemoglobin genotype, HIV and syphilis tests, serve as valuable public health tools for the prevention and control of such inheritable diseases as sickle cell disease and infectious diseases like HIV and syphilis. PMSTs has been extensively utilized in the curtailment of common hereditary disorders in areas with high rates of consanguinity marriages;2 While the scope of possible genetic diseases preventable do not include some notable heritable diseases like congenital heart diseases, diabetes mellitus, and hypertension, or some prevalent infectious diseases like malaria and tuberculosis, it has been successful in improving public health indices in the areas where it gained wide acceptance.3
The essence of genotype screening is to prevent couples at risk from giving birth to children who may suffer from sickle cell disease (SCD). This is an inheritable disorder caused by the inheritance of two abnormal sickle genes, the SS genotype. In contrast, the inheritance of only one abnormal gene, the AS genotype, results in the sickle cell trait.4 SCD is usually associated with anaemia and the severely painful sickle cell crisis, which almost always requires hospitalisation. 5 The global disease burden of SCD is estimated at 4.4 million persons,6 with the regions of sub-Saharan Africa, South Asia, the Middle East, and the Mediterranean accounting for a disproportionately larger share of the burden.5,7 While SCD is essentially alifetime debilitating and unnerving and recurring morbidity and early mortality attributable mostly to chronic anemia and organ damage, and such other conditions as pneumonia, meningitis, sepsis andosteomyelitis, stroke, avascular necrosis, priapism, and venous thromboembolism;4 sickle cell trait, is benign condition without the vaso-occlusive crises and other pathology associated with SCD; the sickle cell trait carriers enjoy the same normal existence as those with normal AA genotype with some degree of immunity over malaria parasites. It is estimated that over 300 million persons globally carry the AS sickle cell trait, more than 30% of whom are in Africa; there is a higher prevalence of AS genes in malaria-endemic regions.4
Acquired immunodeficiency syndrome (AIDS), is a sexually transmitted and bloodborne viral infectious disease caused by the human immunodeficiency virus (HIV), which has remained a major global public health challenge since it was reported in 1981.8,9 The virus attacks the CD4+ T-lymphocyte helper cells, causing a severe suppression of the immune system, leading to several disease conditions, which progresses to AIDS in untreated cases. Eventually, death results from the activities of opportunistic infections.10,11 Reports by the World Health Organisation (WHO) and the Joint United Nations Programme on HIV/AIDS (UNAIDS), put the population of persons living with HIV worldwide in 2023 at about 39.9million; while about 630,000 persons had died from AIDS-related disease. About 25.6 million of the infected population are in Sub-Saharan Africa, 8,9
Syphilis is a systemic, sexually transmitted and bloodborne bacterial infection with the spirochete Treponema pallidum as the causative agent. Historically, it is named the “great imitator and mimicker,” due to its ability to present a wide array of clinical manifestations.12,13 It is a historical disease, having been first described in the Renaissance era.12 The disease can affect almost all the organs and may last for several years; progressing through four phases, namely primary, secondary, latent, and tertiary stages.13The causal agent of syphilis has an uncanny ability to overcome the immune system through the deployment of virulence factors and the invasion anatomically protected sites which facilitates its tenacity and chronic presence in untreated poorly treated hosts.14 The World Health Organisation posits the number of new cases of syphilis in adults at about 8 million, while there were around 700,000 new cases of congenital syphilis globally in 2022, emphasising the importance of enhanced efforts to curb the menace of the infection 14,15, 16
The importance of PMSTs is underscored by the fact that many jurisdictions, particularly in Mediterranean and Islamic countries, including Cyprus, Saudi Arabia, Iran, Bahrain, the United Arab Emirates, Palestine, Jordan, and Qatar, have laws in place to compel persons intending to get married to conduct premarital screening tests.17 At least one state in Nigeria has enacted such a law on mandatory PMSTs.18 The study is thus focused on evaluating the impacts of premarital screening tests in Port Harcourt, Nigeria. It examined the prevalence of various genotypes, the compatibilities of the prospective marital unions and the prevalence and distribution of human immunodeficiency virus and syphilis amongst persons preparing to tie the nuptial knots.

Material and Methods
Study design, setting and study subjects
This is a retrospective, descriptive cross-sectional study involving the review of laboratory records of premarital screenings for couples who intend to get married. The laboratory investigations analysed include haemoglobin genotype, human immunodeficiency virus and syphilis tests of persons residing within Port Harcourt metropolis, which were conducted at Diagnostix and Scientifique Laboratories. Port Harcourt between January 2020 and December 2023. The prospective couples whose samples were analysed came to the facility through religious organisations, families or independently of any third party.
A convenience sampling method was employed as patients’ data were obtained by reviewing their
medical laboratory records. The outcomes of the laboratory tests for Syphilis and the relevant
socio-demographic data about the ages, genders and areas of residence were extracted, coded
and anonymously analysed.

Blood Haemoglobin Genotype Test
The haemoglobin genotype was determined electrophoretically, using the cellulose acetate electrophoresis technique, as stated in the laboratory standard operating procedure (SOP). The samples for analysis include the venous blood of the subjects and control samples for Hb AA, Hb AS, and Hb SS. An applicator was used to apply haemolysate of the test and control blood specimens on a cellulose acetate membrane, placed carefully in, the electrophoretic tank containing Tris-EDTA-Borate buffer at pH 8.6. The electrophoretic equipment was plugged into electricity and allowed to process for about ten minutes at an electromotive force (emf) of 160 V. The results were determined by examining the haemolysates and comparing them with the controls.
Laboratory Investigations for HIV 1 and 2
The serum samples of patients were screened for HIV-1 and HIV-2 using Determine (Abbott Diagnostics Medical Company, Japan). Positive samples were retested with Uni-Gold (Trinity Biotech) or Statpak following the manufacturer's instructions.
Laboratory Investigations for Syphilis
The sera of the patients were analysed using SD Bioline Syphilis 3.0 (Standard Diagnostics, Inc. Korea), which is a solid phase immunochromatographic assay used to qualitatively detect the antibodies of all isotypes [Immunoglobulin G (IgG), Immunoglobulin M (IgM), Immunoglobulin A (IgA)] against TP. It is pre-coated with recombinant T. pallidum antigens that bind to any T. pallidum antibodies that may, be in the patient sample, to produce a visible line. Whole blood, serum or plasma may be used for the analysis.
Statistical analysis
Data were entered and clarified using Microsoft Excel Version 16 and analysed using IBM SPSS Statistics version 27. Associations between infections with HIV and syphilis on one hand and age, gender and genotype on the other hand were tested for significance using the Chi-square test of independence at a 0.05 level of significance. The outcomes showed significantstatistical association between HIV and age (N=504; p=.018), Syphilis and age (N=504; p=<.001), co-infection and age (N=504; p=<.001), overall infection and age (N=504; p=.009); but no significant statistical association were observed between HIV and gender (N=504; p=.653), HIV and genotype N=504; p=.994), Syphilis andgender (N=504; p=.156), Syphilis andgenotype(N=504; p=.889), Co-infection and gender (N=504; p=.317), Co-infection and genotype (N=504; p=.957), Overall infection and gender (N=504; p=.411) and Overall infection and gender (N=504; p=.976), 
Results
This study involved a review of the medical laboratory data on the outcomes of Hb genotypes, HIV and syphilis tests of 252 males and 252 females who were intending to get married. The 504 persons whose data were reviewed were between the ages of 19 and 46 years, with a mean of 30.85 ± 5.638. The females were aged between 19 and 41 ± 4.623 years, with a mean age of 28.05 ± 0.993 years, a modal age of 26 years and a median of 27.00 years; the males fall into the 24 and 46 age range, with a mean of 33.65 ± 4.737, a median: 34.00 ± 5.007 and a mode:34. 
Frequency and Distribution of Genotypes 
The results of 504 males and females whose genotype results were reviewed in this study reveal that 383 (76%) of the persons tested were AA, followed by 116 who were reported to be Hb AS (23%). SS results were obtained for 4 (0.8%) persons, and 1 (0.2%) was found to be SC. A preponderant number of the 252 prospective marital unions between the couples were noticed to be between Hb AA males and Hb AA females, accounting for 151 (59.9%); the union between Hb AA and Hb AS couples were 82 (32.5%), Hb AA and SS were found to have 3 (1.2%), Hb AS and Hb AS unions were 14 (5.6%), while Hb AS and Hb SS unions was 1 (0.4%). The number of compatible unions, which connotes marriages that may not be at risk of producing offspring with SCD, was reported among 238 (94.4%) of the couples; while incompatible unions, which imply those posing potential risks for SCD, were found to be 14 (5.6%) (Table 1)

Table 1: Frequency and Distribution of Genotypes in Premarital Screening Tests
	Genotypes
	Frequency
	Prevalence %

	HbAA
	383
	76.0

	HbAS
	116
	23.0

	HbSS
	4
	0.8

	HbSC
	1
	0.2

	Total
	504
	100

	
	
	

	Genotype unions
	
	

	AA+AA
	151
	59.9

	AA+AS
	82
	32.5

	AA + SS
	3
	1.2

	AA + SC
	1
	0.4

	AS + AS
	14
	5.6

	AS +SS
	1
	0.4

	
	
	

	Genotype Compatibility Status
	
	

	Compatible
	238
	94.4

	Non-compatible
	14
	5.6

	Total
	252
	100



Frequency and Prevalence of HIV in Premarital Screening Tests
The prevalence of HIV was found to be 1.0%. The 26-30 and 31-35 age brackets recorded 0.4% prevalence of the total number of the reviewed test results apiece, persons above the 35 year age bracket were observed with 0.2% prevalence, while the 18-25 age bracket had a zero prevalence in the 18-25 age bracket. Men had a prevalence of 0.6% and women, 0.4%. HIV infection was only detected among AA at total prevalences of 0.8% and 0.4% respectively; SS and SC had zero prevalences. (Table 2)
Table 2: Frequency and Prevalence of HIV in Premarital Screening Tests
	Characteristics
	Number Tested
	Positive
	Prevalence %

	Age Brackets
	
	
	

	18-25
	91
	0
	0.0

	26-30
	153
	2
	0.4

	31-35
	166
	2
	0.4

	>35
	94
	1
	0.2

	
	
	
	

	Gender
	
	
	

	Males
	252
	3
	0.6

	Females
	252
	2
	0.4

	
	
	
	

	Genotype
	
	
	

	HbAA
	383
	4
	0.8

	HbAS
	96
	1
	0.2

	HbSS
	75
	0
	0.0

	HbSC
	8
	0
	0.0

	Total
	504
	5
	1.0




Frequency and Prevalence of Syphilis in Premarital Screening Tests
The prevalence of syphilis was found to be 0.4%; positive results were observed only in two age brackets, the 26-30 (0.6%) and >35 (1.1%). It was also found only in males at a prevalence of 0.6% within gender and only in blood group O for blood group. Among the various genotypes, positive tests for syphilis were noticed only within the AA genotypes at a prevalence of 0.5%. (Table 3)
Table 3: Frequency and Prevalence of Syphilis in Premarital Screening Tests
	Characteristics
	Number Tested
	Positive
	Prevalence %

	Age Brackets
	
	
	

	18-25
	91
	0
	0.0

	26-30
	153
	1
	0.2

	31-35
	166
	0
	0.0

	>35
	94
	1
	0.2

	
	
	
	

	Gender
	
	
	

	Males
	252
	2
	0.4

	Females
	252
	0
	0.0

	
	
	
	

	Genotype
	
	
	

	HbAA
	383
	2
	0.4

	HbAS
	96
	0
	0.0

	HbSS
	75
	0
	0.0

	HbSC
	8
	0
	0.0

	Total
	504
	2
	0.4



Frequency and Prevalence of HIV/Syphilis Co-infection in Premarital Screening Tests
The co-infection prevalence, i.e. the prevalence where a subject tests positive to both HIV and syphilis, was observed in one sample at a 0.2% prevalence of the total samples. The lone syphilis positive test was reported in the 26 – 30 years age range, is of the  male gender and belongs to the AA genotype. (Table 4)
Table 4: Frequency and Prevalence of HIV/Syphilis Co-infection in Premarital Screening Tests
	Characteristics
	Number Tested
	Positive
	Prevalence %

	Age Brackets
	
	
	

	18-25
	91
	0
	0.0

	26-30
	153
	1
	0.2

	31-35
	166
	0
	0

	>35
	94
	0
	0

	
	
	
	

	Gender
	
	
	

	Males
	252
	1
	0.2

	Females
	252
	0
	0

	
	
	
	

	Genotype
	
	
	

	HbAA
	383
	1
	0.2

	HbAS
	96
	0
	0

	HbSS
	75
	0
	0

	HbSC
	8
	0
	0

	Total
	504
	1
	0.2



Overall Frequency and Prevalence of Infections in Premarital Screening Tests
The overall prevalence, i.e. where a subject tests positive to either HIV, syphilis or both, was found in six samples to be 1.2%. The 26 – 30, 31 - 35, and >35 years age brackets each recorded 0.4% prevalence. Of the total number of persons whose data were analysed, males accounted for 0.8% of the total prevalence, while females accounted for 0.4%. The HbAA genotype accounted for 5 positive results with a prevalence of 1.0%, while one positive test was observed with Hb AS genotype, implying a 0.2%, prevalence. (Table 5)


Table 5: Overall Frequency and Prevalence of Infections in Premarital Screening Tests
	Characteristics
	Number Tested
	Positive
	Prevalence %

	Age Brackets
	
	
	

	18-25
	91
	0
	0.0

	26-30
	153
	2
	0.4

	31-35
	166
	2
	0.4

	>35
	94
	2
	0.4

	
	
	
	

	Gender
	
	
	

	Males
	252
	4
	0.8

	Females
	252
	2
	0.4

	
	
	
	

	Genotype
	
	
	

	AA
	383
	5
	1.0

	AS
	96
	1
	0.2

	SS
	75
	0
	0

	SC
	8
	0
	0

	Total
	504
	6
	1.2



Discussion
The frequency and distribution of various genotypes obtained in the study aligned closely with the results reported in other related studies, showing Hb AA as predominant, followed by Hb AS.19,20 The finding is, however, higher than the findings elsewhere in Nigeria, which evaluated the offspring of hemoglobin AS mothers.21 These outcomes highlighted the aim of this study, necessitating the screening of persons who intend to go into marital unions. The prevalence of prospective marital unions at risk of producing offspring who will have SCD diseases and incompatible unions is quite low; implying that a wide acceptance of PMSTs will contribute significantly to reducing the population of persons with the condition. 
The need to combat HIV is one of the major drivers of PMST in Port Harcourt, where the prevalence is higher than the national average, as recorded in several studies. While the national average prevalence rate is reported as 1.4%, official data for Rivers state is 3.8%, with more than 200,000 people living with the virus.22 The data for HIV infection in Port Harcourt showed an undulating trend between 2008 and 2012 as follows: 2008(32.8%), 2009 (36.6%) 2010 (5.7%), 2011(16.6%) and 2012(8.3%).23 While recent efforts at different levels of government have yielded positive outcomes with considerable reduction in the population of persons living with HIV, the current statistics have remained unacceptable, with disparate reports from various facets of the society. Low prevalence was reported among persons screened in an educational institution (0.6%), 24 and residents within the metropolis (1.02%),25; however, sex workers,26 persons attending hospitals,27 and persons attending HIV clinics in tertiary hospitals28 were reported to have very high prevalences, respectively as follows:14.5%, 14.5%, 14.5%. Many religious organisations, communities and families insist on their children and their prospective spouses going for PMSTs because many marriages have been periled where newly married persons were found to have contracted HIV from their spouses, which is subsequently passed to the children. It is evident that while the prevalence of HIV in Rivers state generally and Port Harcourt in particular is in a downward trend, there is a need to put more effort into combating the virus; increased awareness on PMST is one of such areas that will yield great dividends in such respects. 

The prevalence of syphilis observed in this study is low; however, the trends elsewhere are showing a resurgence in the global incidence and prevalence of syphilis and constitute a public health threat.13,29 The battle against syphilis had seemed to be won in the 1990s, but recent trends of resurgence of the disease such that more attention need to be paid to its surveillance and treatment.30,31 A twenty-year study conducted between 2005 and 2024 reported a six-fold increase in the number of persons diagnosed with syphilis.13 In China, there was a reported resurgence and continuous spread of the disease beginning from the1980s, and the data on notification rate indicating a yearly rise of 11.88%between 2004 and 2019.32 The disease owe its re-emergence to high-risk populations such asabusive drug users, men who have sex with men (MSM), sex workers, people living with HIV,pregnant women and husbands of pregnant women, who in many cases were not tested .13 The impact of enhanced screening tests in the prevention and control of syphilis cannot be over emphasized given that syphilis, like most other sexually transmitted infections are mostly asymptomatic and infected persons are usually unaware of there status, which helps in driving the spread of the infection. The premarital screening of syphilis therefore presents a veritable opportunity in the prevention and control of the diseases through detection in asymptomatic persons who are preparing themselves for conjugal relationship and procreation.

This study has contributed in highlighting the importance and potential impacts of premarital screening tests, the risks associated with genotype incompatibility in marriages and the dangers of HIV and syphilis infections. It is expected to be an eye-opener to ignorant persons and influence policy makers in taking decisions that will enhance public health and wellbeing of the people. A major set back in the study is its design as a retrospective study which limited the research on second hand data which is fraught with incompleteness and related shortcomings. Another important limitation flowing from the above is the use of only treponemal test (SD Bioline) in the syphilis analysis. While a number of clinical laboratories in resource challenged countries use only the treponemal test in the investigation of syphilis, the WHO and CDC recommend dual testing algorithms (treponemal + non-treponemal such as RPR). The Treponemal tests are not able to distinguish past treated infection from active disease and may overestimate prevalence if used alone; in other words, it may lead to over-diagnosis by interpreting past, treated infections as active infections
Conclusion
The public health threat posed by the sickle cell disease, HIV infection and syphilis has been profoundly articulated. These are without doubt, diseases of particular concern with regards to their public health implications. It is suggested that a national campaign be carried out to promote awareness on PMSTs and treatment of persons infected with syphilis and HIV. Testing and treatment of syphilis should be made free in public hospitals like those of HIV, while enabling laws should enacted to make PMSTs mandatory before marriage certificates are issued to any couple.
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