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Abstract
Background: Even though, several factors affect reference intervals (RIs), company derived values are currently in use in many laboratories worldwide. However, little or no data is available regarding serum proteins RIs, mainly in resource limited setting countries like Ethiopia.	
Objective: To establish reference interval for serum protein electrophoresis of apparently healthy adults in Addis Ababa, Ethiopia.			
Method: A cross-sectional study was conducted on a total of 297 apparently healthy adults from April-October 2019 in four selected sub cities (Akaki, Kirkos, Arada, Yeka) of Addis Ababa, Ethiopia. Laboratory analysis of collected samples was performed using Capillarys 2 Flex Piercing analyzer while statistical analysis was done using SPSS version 23 and med-cal software. Mann-Whitney test was used to check Partitions. Non-parametric method of reference range establishment was performed as per CLSI guideline EP28A3C.		
Result: The established RIs were: Albumin 53.83-64.59%, 52.24-63.55%; Alpha-1 globulin 3.04-5.40%, 3.44-5.60%; Alpha-2 globulin 8.0-12.67%, 8.44-12.87%; and Beta-1 globulin 5.01-7.38%, 5.14-7.86%.  Moreover, Albumin to globulin ratio was 1.16-1.8, 1.09-1.74   for male and female, respectively. The combined RIs for Beta-2 globulin and Gamma globulin were 2.54-4.90% and 12.40-21.66%, respectively.
[bookmark: _Toc44300227][bookmark: _Toc44301242]Conclusion:  The established reference interval for serum protein fractions revealed gender specific differences except for Beta-2 globulin and Gamma globulin.
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1. Introduction 

 Serum protein electrophoresis is a laboratory technique routinely employed for the identification of patients with multiple myeloma and other disorders of serum protein fractions. Protein electrophoresis (separation of serum protein fractions) is a technique used in clinical laboratory for screening samples for protein abnormalities. The Capillary’s 2 flex piercing (SEBIA; Lisses, Evry Cedex, France) has been developed to provide complete automation of this testing with fast separation and good resolution [1-6] which is currently functional at National clinical Chemistry Reference Laboratory of Ethiopian Public Health Institute.
In many African countries, the clinical laboratory reference intervals have not been established, and western country-based reference intervals are usually being used in many diagnostic laboratories and clinical trials to screen, diagnose and monitor different disease states [7]. In poor setting country like Ethiopia, almost all available clinical laboratories rely on reference intervals obtained either from textbooks or package kit inserts provided by the manufactures. 
The considerable difference within the established reference intervals in several countries and population groups may increase the chance of either unnecessary additional investigations or failure to detect the specified abnormalities related underlying disease states or mismanagement of patients [8].
Although laboratory tests represent 5% of a health system’s costs, it affects indirectly 95% of the remaining other health expenditures. Laboratory findings have a crucial role in diagnosis, monitoring and screening of different pathologies through influencing up to 70% (on average around 60-80%) of clinical decisions. Hence, the interpretation of laboratory result must rely on the background of well-established reference interval that discriminates between “health” and “disease” [9].
As per the recommendation of the guidelines developed by Clinical and Laboratory Standards Institute (CLSI) [10], every country must establish reference intervals for its own population that aid in accurate diagnosis and interpretation of laboratory test results. 
To the best of the investigator’s knowledge, no research has been done on establishment of reference interval for serum protein electrophoresis of apparently healthy adults in Addis Ababa, Ethiopia. Therefore, findings of the present study are of great importance, since it can assist in the correct interpretation of serum protein fraction for diagnosis, treatment and management of abnormalities associated with it. This study will also be useful for patients, clinicians, community, and other researchers, policy makers at large for prevention, diagnosis, result interpretation, early control and management of abnormalities associated with serum protein fraction like multiple myeloma in Ethiopia in general and in the study area in particular.  Since no other study has been conducted in the study area, the findings of the present study will serve as baseline information and reference for the future studies.  





[bookmark: _Toc47421888] 2. Materials and methods
[bookmark: _Toc47421889]2.1 Study area
The study was conducted in four selected sub cities (Akaki, Kirkos, Arada, Yeka) of Addis Ababa, Ethiopia. Addis Ababa, is the capital city of Ethiopia established in 1887, and serves as the headquarters of several international organizations such as the African Union (AU) and the United Nations Economic Commissions for Africa (UNECA). The city is located between 8055' and 9005' North Latitude and between 38040' and 38050' East Longitude. The capital city’s average elevation is 2,500 meters above sea level, and hence has a fairly favorable climate and moderate weather conditions.  It is the largest city in the country by population, with a total population of more than 3 million. The area of the capital city is about 527 square kilometers of Ethiopia. There is an estimated population density of about five thousand per available square kilometer. As per 2007 census, the city of Addis Ababa has a higher population of female residents than male residents. Almost one-quarter of all people in Ethiopia that live in urban areas live in the capital city [11, 12].  
[bookmark: _Toc47421890]2.2 Study design and period: 
A cross-sectional study design was conducted to establish reference interval for serum protein electrophoresis of apparently healthy adults from April-October 2019 in Addis Ababa, Ethiopia.
[bookmark: _Toc47421891]2.3 Population
[bookmark: _Toc47421892]2.3.1 Source population
[bookmark: _Toc44908387][bookmark: _Toc44916474]All adult individuals who live in Addis Ababa, Ethiopia were the source population.
[bookmark: _Toc47421893]2.3.2 Study Population 
[bookmark: _Toc44908389][bookmark: _Toc44916476]Adult individuals who live in four selected sub-cities (Akaki, Kirkos, Arada, Yeka) of Addis Ababa, Ethiopia and willing to give blood samples as per the eligibility criteria were the study population.
[bookmark: _Toc47421894] 2.4 Inclusion and exclusion criteria
This study is part of the national reference interval study; thus, both the inclusion and exclusion criteria followed the national reference study protocol; accordingly, the following eligibility criteria were applied in participant selection.  
[bookmark: _Toc41354573][bookmark: _Toc47421895]Inclusion criteria: Apparently healthy individuals aged 18 years and above who were willing to participate in the study and lived in the study area for at least 5 years.
[bookmark: _Toc41354574][bookmark: _Toc47421896][bookmark: _Toc44908393][bookmark: _Toc44916480]Exclusion criteria: Samples that show hemolysis, icterus, lipemia or that displayed an abnormality were excluded. Outlier exclusion was as described in CLSI Guideline EP28A3C [10].
[bookmark: _Toc47421897]2.5 Study variables
[bookmark: _Toc47421898][bookmark: _Toc44908396][bookmark: _Toc44916483]Dependent variables: RI for Serum protein fractions (Albumin, Alpha Globulin, Beta Globulin, Gamma Globulin and Albumin to Globulin ratio)
[bookmark: _Toc47421899]Independent variables: Age, Sex
[bookmark: _Toc47421900]2.6 Participant Selection, Sample size calculation and Sampling method	
[bookmark: _Toc47421901]Participants Selection and Sample size calculation 			
[bookmark: _Toc44300265][bookmark: _Toc44301280][bookmark: _Toc44908401][bookmark: _Toc44916488][bookmark: _Toc43647236][bookmark: _Toc43689062]As per CLSI Guideline EP28A3C recommendation, the best means to establish a reference interval is to collect samples from a sufficient number of reference individuals to yield a minimum of 120 samples for analysis, by non-parametric means for each partition (e.g., sex, age range) with a power of 90%. One of the IFCC’s primary recommendations, posteriori sampling approach, was employed as a direct means to determine reference interval. Thus, to obtain a minimum recommended sample size (120 men and 120 women) for two partitions a total of 297 samples was obtained by considering 20% rejection rate [13] from already collected samples. 
[bookmark: _Toc47421902]Sampling Method 
As this study is part of the national RI study, two types of sampling technique were employed to obtain the required sample size. First, for the establishment of reference interval of Clinical chemistry parameters and other hematological parameters a total of 1030 participants were recruited by using Probability Proportional to Size (PPS) sampling method where the size depends on the number of households of Woredas (former Kebeles) in a city/town.  Accordingly, all the woredas in the town were considered/selected to be the participants of the study. Since Addis Ababa is very large city, four sub-cities were selected based on PPS, namely Arada, Kirkos, Akaki and Yeka sub-cities; thus, all woredas under the selected sub-cities was included. To recruit 1030 participants, the number of households was determined by dividing the total household in the selected towns (sub-cities for A.A) by the estimated number of individuals per household which is 4 for urban.  Individuals in every Kth household were approached at their households through well-trained sample collectors. Given the average number of individuals in each household of 4, the next households were used to recruit the remaining age groups that are not found in the selected household. Once volunteering participants fulfilling the eligibility criteria was identified by the well-trained sample collectors, they were invited to go to nearby health facilities to facilitate biological sample collection. Finally, for the current study, convenient sampling technique was employed to obtain 288 required sample sizes. That is one of the partitions which include individuals aged 18-65 years included in the current study. 
[bookmark: _Toc47421903]2.7 Measurement and Data collection
[bookmark: _Toc47421904]Data collection procedure 
The required data for the current study was collected by using data collection format which contains code, age, sex, residence, and laboratory result of the six serum protein fractions plus albumin to globulin ratio (refer Annex I). The original data was collected by mobilizing eligible individuals from the community to a nearby health facility by Health extension workers. Serum samples were stored at EPHI until analysis.
[bookmark: _Toc47421905]Laboratory analysis
The collected serum samples were analyzed using Capillarys 2 Flex Piercing analyzer (Sebia, France) at EPHI clinical chemistry reference laboratory. The analyzer was approved by Food and Drug Administration (FDA) for clinical use [14]. The separation of proteins occurs in free solution in narrow fused silica capillary that is exposed to a high voltage at a PH of 10 buffers at which serum protein fractions exhibit negative charge. After application of voltage, the two forces that act in opposite directions on serum proteins are the force of Electric field and electro-osmotic force (EOF). At PH of 10, the internal surface of the fused-silica capillaries is negatively charged due to ionization of the silanol groups.
Cations in the electrolyte near the capillary wall migrate toward the negative electrode (cathode), pulling electrolyte solution with them which constitutes electro-osmotic force (EOF) which surpasses the force of electric field and carries all serum proteins towards cathode. Albumin is more acidic than gamma globulins which makes albumin to resist EOF resulting in delay of albumin to reach cathode. There is direct qualitative and quantitative determination of Serum protein fractions at 200 nm for detail principle and procedure of the test refer annex II [15].
[bookmark: _Toc47421906]2.8 Data Quality Assurance: 
[bookmark: _Toc47421907]Data collection tool 
Data regarding demographic characteristics of study participants were collected by using a data collection format (refer Annex I) from previously gathered data of national reference interval study.
[bookmark: _Toc47421908]Pre-analytical: Blood sample quality was ensured during collection and processing by following the standard operating procedures. In the study serum sample stored at Ethiopian Public Health Institute was used. Samples with incomplete information, Turbid and hemolyzed was rejected.  
[bookmark: _Toc47421909]Analytical: Analytical quality assurance was done in the EPHI national clinical chemistry reference laboratory which is accredited by the Ethiopian national accreditation office [ENAO] to perform tests in accordance with the requirement of ISO 15189: 2012, Medical laboratory requirements for quality and competence [Accreditation No.: M0025]. Well trained and experienced laboratory professionals performed the analysis and Standard operating procedures [SOPs] were strictly followed for respective measured parameters.
The performance of fully automated clinical chemistry analyzers (Capillary flex 2 piercing) was checked by running quality control samples and results was evaluated using control data provided by manufacturer.
[bookmark: _Toc47421910]Post-analytical: The results were printed out after checking appropriateness of all the test results and the data was carefully entered into Microsoft Excel worksheet and was saved for statistical analysis.
[bookmark: _Toc47421911]2.9 Data analysis and interpretation
The data was entered into Microsoft Excel, exported to SPSS version 23 and med-cal software for analysis. Before data analysis was performed all continuous variables was assessed whether they are normality distributed or not visually using histogram. Data was also explored and was tested by Kolmogorov-Smirnov (K-S) and Shapiro-Wilk test of normality and Mann-Whitney test to check Partitions. For p≥0.05, the data was considered as normally distributed. Non-parametric method of reference range establishment was performed as per CLSI guideline EP28A3C [10]. Using a non-parametric method, the lower and upper limits, including 95% distribution with 90% confidence intervals, were calculated. The results were expressed as percentages, absolute concentration and presented by tables accordingly.
[bookmark: _Toc47421912]2.10 Operational definitions 
[bookmark: _Toc44908410][bookmark: _Toc44916500]The definitions were as per the CLSI Guideline EP28A3C [10]
Reference Interval: the interval between, and including, two reference limits; Note: It is designated as the interval of values from the lower reference limit to the upper reference limit (EP28A3C) [10].
Establishing (or determining) a reference interval: the process used in creating a reference interval de novo, encompassing all of the steps from selection of reference individuals, through exact details of the analytical methods, and concluding with data collection and analysis (EP28A3C) [10]. 
Reference individual: a person selected for testing on the basis of well-defined criteria (EP28A3C) [10]. 
Reference limit: a value derived from the reference distribution and used for descriptive purposes; the descriptive of the reference values and may be distinguished from various other types of decision limits (EP28A3C) [10]. 
Reference distribution: the distribution of reference values (EP28A3C) [10].
Serum Proteins Fractions: Albumin, Alpha globulin, Beta globulin and Gamma globulin
Electrophoresis: Separation Technique (migration of charged particles in an electrical field) [16].
Adult: In this study refers to individuals aged 18 to 65 years
[bookmark: _Toc47421913]2.11 Ethical considerations
Ethical clearance and permission were obtained from Department of Medical Laboratory Science research and ethical review committee (DRERC), College of Health Science, Addis Ababa University. Permission was also obtained from Addis Ababa Health Bureau and was sought from the respective health institutions before the start of the data collection process.
The study participants were informed about the purpose of the study and the importance of their participation in the study by providing blood samples that may help Establishment of Reference Interval for serum protein electrophoresis of apparently healthy adults in Addis Ababa, Ethiopia.
The study participants were also informed that they can stop participating at any time if they want to do so. Then after assuring the confidentiality of the information obtained and completion of the informed consent from the study participants sample collection was preceded with strict privacy. Confidentiality of participant’s data was maintained throughout the study by locking and limiting accessibility of the study information.



[bookmark: _Toc47421915]3. Result
[bookmark: _Toc47421916][bookmark: _Toc43647252][bookmark: _Toc43689078][bookmark: _Toc44300281][bookmark: _Toc44301296]3.1 Socio-demographic characteristics of study participants
[bookmark: _Toc44908415][bookmark: _Toc44916505]A total of 356 study participants were recruited for the serum protein electrophoresis RI establishment study. Among these, because of elevated highly sensitive C-reactive protein (hsCRP), both elevated hsCRP and lipemia, lipemia and hemolysis, 34(9.55%), 13(3.65%), 11(3.09%), 1(0.28%) sample were rejected respectively. Finally, 297 apparently healthy adults (124 males and 173 females) were involved in the final analysis. The median age of the study participants was 30 years with interquartile range of 27-39 years. The distribution of study participants in terms of age and sex is depicted in table 1.  
[bookmark: _Toc47584652]Table 1: Socio-demographic characteristics of study participants in Addis Ababa, Ethiopia   2020 (N = 297; Male = 124, and Female = 173).
	Variables
	Frequency
	%

	Sex
	Male
	124
	41.75

	
	Female
	173
	58.25

	
Age group
	18-24
	40
	13.49

	
	25-34
	148
	49.83

	
	35-44
	60
	20.20

	
	45-60
	49
	16.50

	Total
	297
	100


[bookmark: _Toc442630054][bookmark: _Toc16662186][bookmark: _Toc16721847][bookmark: _Toc17341898][bookmark: _Toc17350794]
[bookmark: _Toc47421917]3.2 Normality test for laboratory data distribution
[bookmark: _Toc44300335][bookmark: _Toc44301350][bookmark: _Toc43647258][bookmark: _Toc43689084][bookmark: _Toc44908445][bookmark: _Toc44916509] Primarily, continuous variables were tested for normality with Kolmogorov-Smirnov and Shapiro-Wilk test.  The test showed normal distribution for Albumin (%), Alpha-1(%), Beta-1 (%), Gamma (%) and Albumin to Globulin Ratio. However, Albumin (g/dl), Alpha-1(g/dl), Alpha-2 (%), Alpha-2 (g/dl), Beta-1 (g/dl), Beta-2 (%), Beta-2 (g/dl), Gamma (g/dl) were failed to be normally distributed even after they were logarithmically transformed.  
[bookmark: _Toc47421918]3.3 Reference intervals of serum protein electrophoresis
As shown in table 2, except for the Gamma and beta globulin fraction most of the serum protein fractions show significant difference between males and females. The established reference intervals with 90% CI for the six serum protein fractions including albumin to globulin ratio is summarized in table 3. They were:  Albumin 53.83-64.59%, 52.24-63.55%; Alpha-1 globulin 3.04-5.40%, 3.44-5.60%; Alpha-2 globulin 8.0-12.67%, 8.44-12.87%; Beta-1 globulins 5.01-7.38%, 5.14-7.86%; Albumin to globulin ratio 1.16-1.81 and 1.09-1.74 for male and female, respectively. The combined RIs for Beta-2 globulin and Gamma globulin were 2.54-4.90% and 12.40-21.66% respectively. 


[bookmark: _Toc47584653]Table 2: The Mean, Median with IQR of serum protein electrophoresis of apparently healthy adults in Addis Ababa, Ethiopia, 2020 (N = 297; Male = 124, and Female = 173).
	[bookmark: _Toc44916511][bookmark: _Toc43647583][bookmark: _Toc43689407][bookmark: _Toc44301672][bookmark: _Toc44908726]Analytes
	[bookmark: _Toc44916512]Unit
	[bookmark: _Toc44916513]Sex
	[bookmark: _Toc44916514]N
	[bookmark: _Toc44916515]Range
	[bookmark: _Toc44916516]Mean
	[bookmark: _Toc44916517]95%CI 
[bookmark: _Toc44916518]of mean
	[bookmark: _Toc44916519]Median
	[bookmark: _Toc44916520]25th-75th
[bookmark: _Toc44916521]Percentile (IQR)
	[bookmark: _Toc44916522]p-value*

	[bookmark: _Toc44916523]Albumin
	[bookmark: _Toc44916524]%
[bookmark: _Toc44916525]g/dl
	[bookmark: _Toc44916526]Male
	[bookmark: _Toc44916527]124
	[bookmark: _Toc44916528]53.5-65.9
[bookmark: _Toc44916529]3.9-5.9
	[bookmark: _Toc44916530]59.28
[bookmark: _Toc44916531]4.83
	[bookmark: _Toc44916532]58.80,59.76
[bookmark: _Toc44916533]4.77,4.89
	[bookmark: _Toc44916534]59.10
[bookmark: _Toc44916535]4.80
	[bookmark: _Toc44916536]57.60-61.28
[bookmark: _Toc44916537]4.60-5.0
	[bookmark: _Toc44916538]=0.0003*
[bookmark: _Toc44916539]<0.0001**

	
	
	[bookmark: _Toc44916540]Female
	[bookmark: _Toc44916541]173
	[bookmark: _Toc44916542]50.0-65.0
[bookmark: _Toc44916543]4.0-5.5
	[bookmark: _Toc44916544]58.06
[bookmark: _Toc44916545]4.59
	[bookmark: _Toc44916546]57.67,58.46
[bookmark: _Toc44916547]4.55,4.64
	[bookmark: _Toc44916548]58.20
[bookmark: _Toc44916549]4.60
	[bookmark: _Toc44916550]56.25-59.80
[bookmark: _Toc44916551]4.40-4.80
	

	
	
	[bookmark: _Toc44916552]Combined
	[bookmark: _Toc44916553]297
	[bookmark: _Toc44916554]50.0-65.9
[bookmark: _Toc44916555]3.9-5.9
	[bookmark: _Toc44916556]58.57
[bookmark: _Toc44916557]4.69
	[bookmark: _Toc44916558]58.26,58.88
[bookmark: _Toc44916559]4.66,4.73
	[bookmark: _Toc44916560]58.50
[bookmark: _Toc44916561]4.70
	[bookmark: _Toc44916562]56.8,60.4
[bookmark: _Toc44916563]4.50-4.90
	

	[bookmark: _Toc44916564]Alpha-1
	[bookmark: _Toc44916565]%
[bookmark: _Toc44916566]g/dl
	[bookmark: _Toc44916567]Male
	[bookmark: _Toc44916568]124
	[bookmark: _Toc44916569]2.6-5.8
[bookmark: _Toc44916570]0.2-0.5
	[bookmark: _Toc44916571]4.23
[bookmark: _Toc44916572]0.35
	[bookmark: _Toc44916573]4.13,4.33
[bookmark: _Toc44916574]0.34,0.36
	[bookmark: _Toc44916575]4.10
[bookmark: _Toc44916576]0.30
	[bookmark: _Toc44916577]3.82-4.68
[bookmark: _Toc44916578]0.30-0.40
	[bookmark: _Toc44916579]<0.0001*
[bookmark: _Toc44916580]=0.4735**


	
	
	[bookmark: _Toc44916581]Female
	[bookmark: _Toc44916582]173
	[bookmark: _Toc44916583]3.0-6.0
[bookmark: _Toc44916584]0.2-0.5
	[bookmark: _Toc44916585]4.53
[bookmark: _Toc44916586]0.36
	[bookmark: _Toc44916587]4.46,4.62
[bookmark: _Toc44916588]0.35,0.37
	[bookmark: _Toc44916589]4.50
[bookmark: _Toc44916590]0.40
	[bookmark: _Toc44916591]4.2-4.9
[bookmark: _Toc44916592]0.30-0.40
	

	
	
	[bookmark: _Toc44916593]Combined
	[bookmark: _Toc44916594]297
	[bookmark: _Toc44916595]2.6-6.0
[bookmark: _Toc44916596]0.2-0.5
	[bookmark: _Toc44916597]4.41
[bookmark: _Toc44916598]0.36
	[bookmark: _Toc44916599]4.34,4.47
[bookmark: _Toc44916600]0.35,0.36
	[bookmark: _Toc44916601]4.40
[bookmark: _Toc44916602]0.40
	[bookmark: _Toc44916603]4.0,4.80
[bookmark: _Toc44916604]0.30-0.40
	

	[bookmark: _Toc44916605]Alpha-2
	[bookmark: _Toc44916606]%
[bookmark: _Toc44916607]g/dl
	[bookmark: _Toc44916608]Male
	[bookmark: _Toc44916609]124
	[bookmark: _Toc44916610]7-13.6
[bookmark: _Toc44916611]0.6-1.2
	[bookmark: _Toc44916612]9.80
[bookmark: _Toc44916613]0.80
	[bookmark: _Toc44916614]9.58,10.01
[bookmark: _Toc44916615]0.77,0.82
	[bookmark: _Toc44916616]9.50
[bookmark: _Toc44916617]0.80
	[bookmark: _Toc44916618]9.0-10.60
[bookmark: _Toc44916619]0.70-0.90
	<0.0001*
=0.0006**



	
	
	[bookmark: _Toc44916620]Female
	[bookmark: _Toc44916621]173
	[bookmark: _Toc44916622]8-13
[bookmark: _Toc44916623]0.6-1.2
	[bookmark: _Toc44916624]10.57
[bookmark: _Toc44916625]0.84
	[bookmark: _Toc44916626]10.40,10.74
[bookmark: _Toc44916627]0.82,0.86
	[bookmark: _Toc44916628]10.50
[bookmark: _Toc44916629]0.80
	[bookmark: _Toc44916630]9.75-11.40
[bookmark: _Toc44916631]0.75-0.90
	

	
	
	[bookmark: _Toc44916632]Combined
	[bookmark: _Toc44916633]297
	[bookmark: _Toc44916634]7.0-13.6
[bookmark: _Toc44916635]0.6-1.2
	[bookmark: _Toc44916636]10.25
[bookmark: _Toc44916637]0.82
	[bookmark: _Toc44916638]10.11,10.40
[bookmark: _Toc44916639]0.81,0.84
	[bookmark: _Toc44916640]10.20
[bookmark: _Toc44916641]0.80
	[bookmark: _Toc44916642]9.30,11.10
[bookmark: _Toc44916643]0.70,0.90
	

	[bookmark: _Toc44916644]Beta-1
	[bookmark: _Toc44916645]%
[bookmark: _Toc44916646]g/dl
	[bookmark: _Toc44916647]Male
	[bookmark: _Toc44916648]124
	[bookmark: _Toc44916649]4.7-7.7
[bookmark: _Toc44916650]0.4-0.7
	[bookmark: _Toc44916651]6.14
[bookmark: _Toc44916652]0.50
	[bookmark: _Toc44916653]6.04,6.25
[bookmark: _Toc44916654]0.49,0.51
	[bookmark: _Toc44916655]6.10
[bookmark: _Toc44916656]0.50
	[bookmark: _Toc44916657]5.70-6.58
[bookmark: _Toc44916658]0.50-0.50
	[bookmark: _Toc44916659]=0.0015*
[bookmark: _Toc44916660]0.8572**

	
	
	[bookmark: _Toc44916661]Female
	[bookmark: _Toc44916662]173
	[bookmark: _Toc44916663]4.8-7.9
[bookmark: _Toc44916664]0.4-0.7
	[bookmark: _Toc44916665]6.38
[bookmark: _Toc44916666]0.50
	[bookmark: _Toc44916667]6.29,6.48
[bookmark: _Toc44916668]0.49,0.51
	[bookmark: _Toc44916669]6.40
[bookmark: _Toc44916670]0.50
	[bookmark: _Toc44916671]6.0-6.70
[bookmark: _Toc44916672]0.50-0.50
	

	
	
	[bookmark: _Toc44916673]Combined
	[bookmark: _Toc44916674]297
	[bookmark: _Toc44916675]4.7-7.9
[bookmark: _Toc44916676]0.4-0.7
	[bookmark: _Toc44916677]6.28
[bookmark: _Toc44916678]0.50
	[bookmark: _Toc44916679]6.21,6.36
[bookmark: _Toc44916680]0.49,0.51
	[bookmark: _Toc44916681]6.30
[bookmark: _Toc44916682]0.50
	[bookmark: _Toc44916683]5.90,6.70
[bookmark: _Toc44916684]0.50-0.50
	

	[bookmark: _Toc44916685]Beta-2
	[bookmark: _Toc44916686]%
[bookmark: _Toc44916687]g/dl
	[bookmark: _Toc44916688]Male
	[bookmark: _Toc44916689]124
	[bookmark: _Toc44916690]2.4-5.3
[bookmark: _Toc44916691]0.2-0.5
	[bookmark: _Toc44916692]3.62
[bookmark: _Toc44916693]0.29
	[bookmark: _Toc44916694]3.51,3.72
[bookmark: _Toc44916695]0.28,0.31
	[bookmark: _Toc44916696]3.60
[bookmark: _Toc44916697]0.30
	[bookmark: _Toc44916698]3.20-4.0
[bookmark: _Toc44916699]0.30-0.30
	[bookmark: _Toc44916700]=0.1372*
[bookmark: _Toc44916701]=0.0319**

	
	
	[bookmark: _Toc44916702]Female
	[bookmark: _Toc44916703]173
	[bookmark: _Toc44916704]2.4-5.7
[bookmark: _Toc44916705]0.2-0.5
	[bookmark: _Toc44916706]3.52
[bookmark: _Toc44916707]0.28
	[bookmark: _Toc44916708]3.43,3.61
[bookmark: _Toc44916709]0.27,0.29
	[bookmark: _Toc44916710]3.40
[bookmark: _Toc44916711]0.30
	[bookmark: _Toc44916712]3.10-3.80
[bookmark: _Toc44916713]0.20-0.30
	

	
	
	[bookmark: _Toc44916714]Combined
	[bookmark: _Toc44916715]297
	[bookmark: _Toc44916716]2.4-5.7
[bookmark: _Toc44916717]0.2-0.5
	[bookmark: _Toc44916718]3.56
[bookmark: _Toc44916719]0.29
	[bookmark: _Toc44916720]3.49,3.63
[bookmark: _Toc44916721]0.28,0.29
	[bookmark: _Toc44916722]3.50
[bookmark: _Toc44916723]0.30
	[bookmark: _Toc44916724]3.20,3.90
[bookmark: _Toc44916725]0.20-0.30
	

	[bookmark: _Toc44916726]Gamma
	[bookmark: _Toc44916727]%
[bookmark: _Toc44916728]g/dl
	[bookmark: _Toc44916729]Male
	[bookmark: _Toc44916730]124
	[bookmark: _Toc44916731]12-22
[bookmark: _Toc44916732]0.80-2.1
	[bookmark: _Toc44916733]16.96
[bookmark: _Toc44916734]1.38
	[bookmark: _Toc44916735]16.57,17.34
[bookmark: _Toc44916736]1.34,1.43
	[bookmark: _Toc44916737]16.90
[bookmark: _Toc44916738]1.40
	[bookmark: _Toc44916739]15.55-18.58
[bookmark: _Toc44916740]1.20-1.50
	[bookmark: _Toc44916741]=0.7145*
[bookmark: _Toc44916742]=0.1411**

	
	
	[bookmark: _Toc44916743]Female
	[bookmark: _Toc44916744]173
	[bookmark: _Toc44916745]11.2-23
[bookmark: _Toc44916746]0.8-2.1
	[bookmark: _Toc44916747]16.93
[bookmark: _Toc44916748]1.35
	[bookmark: _Toc44916749]16.60,17.26
[bookmark: _Toc44916750]1.31,1.38
	[bookmark: _Toc44916751]16.80
[bookmark: _Toc44916752]1.30
	[bookmark: _Toc44916753]15.30-18.30
[bookmark: _Toc44916754]1.20-1.50
	

	
	
	[bookmark: _Toc44916755]Combined
	[bookmark: _Toc44916756]297
	[bookmark: _Toc44916757]11-23
[bookmark: _Toc44916758]0.8-2.1
	[bookmark: _Toc44916759]16.94
[bookmark: _Toc44916760]1.36
	[bookmark: _Toc44916761]16.69,17.19
[bookmark: _Toc44916762]1.34,1.39
	[bookmark: _Toc44916763]16.90
[bookmark: _Toc44916764]1.40
	[bookmark: _Toc44916765]15.45,18.30
[bookmark: _Toc44916766]1.20-1.50
	

	
[bookmark: _Toc44916767]A/G ratio
	[bookmark: _Toc44916768]Male
	[bookmark: _Toc44916769]124
	[bookmark: _Toc44916770]1.15-1.93
	[bookmark: _Toc44916771]1.46
	[bookmark: _Toc44916772]1.44,1.49
	[bookmark: _Toc44916773]1.44
	[bookmark: _Toc44916774]1.36-1.58
	[bookmark: _Toc44916775]=0.0005*

	
	[bookmark: _Toc44916776]Female
	[bookmark: _Toc44916777]173
	[bookmark: _Toc44916778]1.0-1.86
	[bookmark: _Toc44916779]1.39
	[bookmark: _Toc44916780]1.37,1.42
	[bookmark: _Toc44916781]1.39
	[bookmark: _Toc44916782]1.28-1.49
	

	
	[bookmark: _Toc44916783]Combined
	[bookmark: _Toc44916784]297
	[bookmark: _Toc44916785]1.0-1.93
	[bookmark: _Toc44916786]1.42
	[bookmark: _Toc44916787]1.41,1.44
	[bookmark: _Toc44916788]1.41
	[bookmark: _Toc44916789]1.31,1.53
	


[bookmark: _Toc44916790]*P-value: Mann-Whitney U test for male versus female; %: percent; g: gram; dl: deciliter; CI: confidence interval; RI: Reference interval; A/G ratio: Albumin to globulin ratio. *: P-value for concentration expressed in percentage (%), **: P-value for absolute concentration expressed in g/dl 
[bookmark: _Toc47584654]Table 3: The Reference Interval with 90% CI of reference limits of serum protein electrophoresis of apparently healthy adults in Addis Ababa, Ethiopia, 2020 (N = 297; Male = 124, and Female = 173).
	[bookmark: _Toc44916791][bookmark: _Toc43647810][bookmark: _Toc43689635][bookmark: _Toc44301900][bookmark: _Toc44908953]Analytes
	[bookmark: _Toc44916792]Unit
	[bookmark: _Toc44916793]Sex
	[bookmark: _Toc44916794]N
	[bookmark: _Toc44916795]Range
	[bookmark: _Toc44916796]2.5th-97.5th
[bookmark: _Toc44916797]Percentile, RI
	[bookmark: _Toc44916798]90% CI (lower reference limit)
	[bookmark: _Toc44916799]90% CI (Upper reference limit)

	[bookmark: _Toc44916800]Albumin
	[bookmark: _Toc44916801]%
[bookmark: _Toc44916802]g/dl
	[bookmark: _Toc44916803]Male
	[bookmark: _Toc44916804]124
	[bookmark: _Toc44916805]53.5-65.9
[bookmark: _Toc44916806]3.9-5.9
	[bookmark: _Toc44916807]53.83-64.59
[bookmark: _Toc44916808]4.31-5.89
	[bookmark: _Toc44916809]53.5-54.5
[bookmark: _Toc44916810]3.90-4.40
	[bookmark: _Toc44916811]63.5-65.9
[bookmark: _Toc44916812]5.30-5.90

	
	
	[bookmark: _Toc44916813]Female
	[bookmark: _Toc44916814]173
	[bookmark: _Toc44916815]50.0-65.0
[bookmark: _Toc44916816]4.0-5.5
	[bookmark: _Toc44916817]52.24-63.55
[bookmark: _Toc44916818]4.10-5.20
	[bookmark: _Toc44916819]50.0-53.6
[bookmark: _Toc44916820]4.0-4.20
	[bookmark: _Toc44916821]62.0-65.0
[bookmark: _Toc44916822]5.10-5.50

	
	
	[bookmark: _Toc44916823]Combined
	[bookmark: _Toc44916824]297
	[bookmark: _Toc44916825]50.0-65.9
[bookmark: _Toc44916826]3.9-5.9
	[bookmark: _Toc44916827]53.18-64.10
[bookmark: _Toc44916828]4.1-5.36
	[bookmark: _Toc44916829]52.10-53.80
[bookmark: _Toc44916830]4.0-4.20
	[bookmark: _Toc44916831]63.30-64.90
[bookmark: _Toc44916832]5.20-5.90

	[bookmark: _Toc44916833]Alpha-1 
	[bookmark: _Toc44916834]%
[bookmark: _Toc44916835]g/dl
	[bookmark: _Toc44916836]Male
	[bookmark: _Toc44916837]124
	[bookmark: _Toc44916838]2.6-5.8
[bookmark: _Toc44916839]0.2-0.5
	[bookmark: _Toc44916840]3.04-5.40
[bookmark: _Toc44916841]0.21-0.50
	[bookmark: _Toc44916842]2.60-3.50
[bookmark: _Toc44916843]0.20-0.30
	[bookmark: _Toc44916844]5.20-5.80
[bookmark: _Toc44916845]0.50-0.50

	
	
	[bookmark: _Toc44916846]Female
	[bookmark: _Toc44916847]173
	[bookmark: _Toc44916848]3.0-6.0
[bookmark: _Toc44916849]0.2-0.5
	[bookmark: _Toc44916850]3.44-5.60
[bookmark: _Toc44916851]0.30-0.50
	[bookmark: _Toc44916852]3.0-3.70
[bookmark: _Toc44916853]0.20-0.30
	[bookmark: _Toc44916854]5.5-6.0
[bookmark: _Toc44916855]0.50-0.50

	
	
	[bookmark: _Toc44916856]Combined
	[bookmark: _Toc44916857]297
	[bookmark: _Toc44916858]2.6-6.0
[bookmark: _Toc44916859]0.2-0.5
	[bookmark: _Toc44916860]3.4-5.6
[bookmark: _Toc44916861]0.30-0.50
	[bookmark: _Toc44916862]3.0-3.50
[bookmark: _Toc44916863]0.2-0.3
	[bookmark: _Toc44916864]5.40-5.80
[bookmark: _Toc44916865]0.5-0.5

	[bookmark: _Toc44916866]Alpha-2
	[bookmark: _Toc44916867]%
[bookmark: _Toc44916868]g/dl
	[bookmark: _Toc44916869]Male
	[bookmark: _Toc44916870]124
	[bookmark: _Toc44916871]7-13.6
[bookmark: _Toc44916872]0.6-1.2
	[bookmark: _Toc44916873]8.0-12.67
[bookmark: _Toc44916874]0.60-1.1
	[bookmark: _Toc44916875]7.0-8.10
[bookmark: _Toc44916876]0.60-0.70
	[bookmark: _Toc44916877]12.10-13.60
[bookmark: _Toc44916878]1.10-1.20

	
	
	[bookmark: _Toc44916879]Female
	[bookmark: _Toc44916880]173
	[bookmark: _Toc44916881]8-13
[bookmark: _Toc44916882]0.6-1.2
	[bookmark: _Toc44916883]8.44-12.87
[bookmark: _Toc44916884]0.64-1.10
	[bookmark: _Toc44916885]7.90-8.60
[bookmark: _Toc44916886]0.60-0.70
	[bookmark: _Toc44916887]12.50-13.30
[bookmark: _Toc44916888]1.0-1.20

	
	
	[bookmark: _Toc44916889]Combined
	[bookmark: _Toc44916890]297
	[bookmark: _Toc44916891]7.0-13.6
[bookmark: _Toc44916892]0.6-1.2
	[bookmark: _Toc44916893]8.04-12.76
[bookmark: _Toc44916894]0.60-1.10
	[bookmark: _Toc44916895]7.90-8.30
[bookmark: _Toc44916896]0.6-0.7
	[bookmark: _Toc44916897]12.5-13.3
[bookmark: _Toc44916898]1.10-1.10

	[bookmark: _Toc44916899]Beta-1
	[bookmark: _Toc44916900]%
[bookmark: _Toc44916901]g/dl
	[bookmark: _Toc44916902]Male
	[bookmark: _Toc44916903]124
	[bookmark: _Toc44916904]4.7-7.7
[bookmark: _Toc44916905]0.4-0.7
	[bookmark: _Toc44916906]5.01-7.38
[bookmark: _Toc44916907]0.40-0.69
	[bookmark: _Toc44916908]4.80-5.20
[bookmark: _Toc44916909]0.40-0.40
	[bookmark: _Toc44916910]7.30-7.90
[bookmark: _Toc44916911]0.60-0.70

	
	
	[bookmark: _Toc44916912]Female
	[bookmark: _Toc44916913]173
	[bookmark: _Toc44916914]4.8-7.9
[bookmark: _Toc44916915]0.4-0.7
	[bookmark: _Toc44916916]5.14-7.86
[bookmark: _Toc44916917]0.40-0.66
	[bookmark: _Toc44916918]4.80-5.30
[bookmark: _Toc44916919]0.36-0.40
	[bookmark: _Toc44916920]7.30-7.90
[bookmark: _Toc44916921]0.60-0.70

	
	
	[bookmark: _Toc44916922]Combined
	[bookmark: _Toc44916923]297
	[bookmark: _Toc44916924]4.7-7.9
[bookmark: _Toc44916925]0.4-0.7
	[bookmark: _Toc44916926]5.10-7.56
[bookmark: _Toc44916927]0.40-0.66
	[bookmark: _Toc44916928]4.80-5.20
[bookmark: _Toc44916929]0.40-0.40
	[bookmark: _Toc44916930]7.30-7.90
[bookmark: _Toc44916931]0.60-0.70

	[bookmark: _Toc44916932]Beta-2
	[bookmark: _Toc44916933]%
[bookmark: _Toc44916934]g/dl
	[bookmark: _Toc44916935]Male
	[bookmark: _Toc44916936]124
	[bookmark: _Toc44916937]2.4-5.3
[bookmark: _Toc44916938]0.2-0.5
	[bookmark: _Toc44916939]2.70-4.89
[bookmark: _Toc44916940]0.20-0.49
	[bookmark: _Toc44916941]2.40-2.90
[bookmark: _Toc44916942]0.20-0.20
	[bookmark: _Toc44916943]4.70-5.30
[bookmark: _Toc44916944]0.40-0.50

	
	
	[bookmark: _Toc44916945]Female
	[bookmark: _Toc44916946]173
	[bookmark: _Toc44916947]2.4-5.7
[bookmark: _Toc44916948]0.2-0.5
	[bookmark: _Toc44916949]2.50-4.96
[bookmark: _Toc44916950]0.20-0.40
	[bookmark: _Toc44916951]2.40-2.60
[bookmark: _Toc44916952]0.20-0.20
	[bookmark: _Toc44916953]4.80-5.70
[bookmark: _Toc44916954]0.40-0.50

	
	
	[bookmark: _Toc44916955]Combined
	[bookmark: _Toc44916956]297
	[bookmark: _Toc44916957]2.4-5.7
[bookmark: _Toc44916958]0.2-0.5
	[bookmark: _Toc44916959]2.54-4.90
[bookmark: _Toc44916960]0.20-0.40
	[bookmark: _Toc44916961]2.40-2.70
[bookmark: _Toc44916962]0.20-0.20
	[bookmark: _Toc44916963]4.80-5.40
[bookmark: _Toc44916964]0.40-0.50

	[bookmark: _Toc44916965]Gamma
	[bookmark: _Toc44916966]%
[bookmark: _Toc44916967]g/dl
	[bookmark: _Toc44916968]Male
	[bookmark: _Toc44916969]124
	[bookmark: _Toc44916970]12-22
[bookmark: _Toc44916971]0.80-2.1
	[bookmark: _Toc44916972]12.05-21.43
[bookmark: _Toc44916973]0.91-1.90
	[bookmark: _Toc44916974]11.70-13.10
[bookmark: _Toc44916975]0.80-1.0
	[bookmark: _Toc44916976]20.80-21.70
[bookmark: _Toc44916977]1.80-2.10

	
	
	[bookmark: _Toc44916978]Female
	[bookmark: _Toc44916979]173
	[bookmark: _Toc44916980]11.2-23
[bookmark: _Toc44916981]0.8-2.1
	[bookmark: _Toc44916982]12.58-22.26
[bookmark: _Toc44916983]0.90-1.86
	[bookmark: _Toc44916984]11.20-13.70
[bookmark: _Toc44916985]0.80-1.0
	[bookmark: _Toc44916986]21.0-23.0
[bookmark: _Toc44916987]1.80-2.10

	
	
	[bookmark: _Toc44916988]Combined
	[bookmark: _Toc44916989]297
	[bookmark: _Toc44916990]11-23
[bookmark: _Toc44916991]0.8-2.1
	[bookmark: _Toc44916992]12.40-21.66
[bookmark: _Toc44916993]0.90-1.90
	[bookmark: _Toc44916994]11.70-13.10
[bookmark: _Toc44916995]0.80-1.0
	[bookmark: _Toc44916996]20.90-22.80
[bookmark: _Toc44916997]1.80-2.0

	
[bookmark: _Toc44916998]A/G ratio
	[bookmark: _Toc44916999]Male
	[bookmark: _Toc44917000]124
	[bookmark: _Toc44917001]1.15-1.93
	[bookmark: _Toc44917002]1.16-1.81
	[bookmark: _Toc44917003]1.15-1.2
	[bookmark: _Toc44917004]1.73-1.93

	
	[bookmark: _Toc44917005]Female
	[bookmark: _Toc44917006]173
	[bookmark: _Toc44917007]1.0-1.86
	[bookmark: _Toc44917008]1.09-1.74
	[bookmark: _Toc44917009]1.0-1.16
	[bookmark: _Toc44917010]1.63-1.86

	
	[bookmark: _Toc44917011]Combined
	[bookmark: _Toc44917012]297
	[bookmark: _Toc44917013]1.0-1.93
	[bookmark: _Toc44917014]1.14-1.77
	[bookmark: _Toc44917015]1.09-1.16
	[bookmark: _Toc44917016]1.72-1.85


[bookmark: _Toc44917017]RI: Reference interval; %: percent; g: gram; dl: deciliter; CI: confidence interval; A/G ratio: Albumin to globulin ratio.
[bookmark: _Toc44908954][bookmark: _Toc44917018][bookmark: _Toc44301902][bookmark: _Toc43689786]The current established RIs of Apparently Healthy Adults in Addis Ababa, Ethiopia was compared with manufacturer provided RIs and with already published RIs (Table 4). The lower limit of combined RIs established in the current study is higher than manufacturer provided RIs except for albumin and beta-2 globulin. The Upper reference limit of alpha-1 globulin is lower than study conducted in Belgium [13] but higher for Alpha-2 globulin. Comparison of the published RIs obtained with Paragon and with Capillarys is summarized in table 4.
[bookmark: _Toc47584655][bookmark: _Toc43647961][bookmark: _Toc43689785][bookmark: _Toc44302149]Table 4: Comparison of serum protein electrophoresis RIs of apparently healthy adults in Addis Ababa, Ethiopia with manufacturer ranges and published RIs.
	References
	Instrument (Software Version)
	N
	Age
(Year)
	Albumin
	Alpha-1
	Alpha-2
	Beta-1
	Beta-2
	Gamma
	A/G ratio

	(Current Study)
	
Capillarys
(9.2.0)
	M
	124
	18-65
	53.83-64.59
	3.04-5.40
	8.00-12.67
	5.01-7.38
	2.70-4.89
	12.05-21.43
	[bookmark: _Toc44917019]1.16-1.81

	
	
	F
	173
	18-65
	52.24-63.55
	3.44-5.60
	8.44-12.87
	5.14-7.86
	2.50-4.96
	12.58-22.26
	[bookmark: _Toc44917020]1.09-1.74

	
	
	C
	297
	18-65
	53.18-64.10
	3.40-5.60
	8.04-12.76
	5.10-7.56
	2.54-4.90
	12.40-21.66
	[bookmark: _Toc44917021]1.14-1.77

	Sebia, France [15]
	Capillarys (5.2.1)
	246
	NA
	55.8-66.1
	2.9-4.9
	7.1-11.8
	4.7-7.2
	3.2-6.5
	11.1-18.8
	NA

	USA
[17]
	Paragon
	NA
	NA
	52-67
	3.8-8.3
	5.8-12.4
	NA
	NA
	9.3-20.4
	NA

	Belgium [13]
	Paragon (1.08)
	M
	82
	18-65
	60-70
	3.9-6.4
	4.9-9.3
	NA
	NA
	7.9-18.3
	NA

	
	
	F
	79
	18-65
	56-70
	3.6-7.4
	5.6-9.7
	NA
	NA
	7.9-18.3
	NA

	Switzerland [18]
	Paragon
	NA
	NA
	57-70
	3.8-7.8
	4.4-10.0
	NA
	NA
	9.0-17.4
	NA

	Japan [19]
	Paragon (1.16)
	63
	NA
	56-69
	3.9-6.3
	4.8-8.4
	NA
	NA
	9.9-21.5
	NA

	Italy [20]
	Paragon
	167
	NA
	54-68
	3.7-8.8
	5.5-11.7
	NA
	NA
	10-20.3
	NA

	
	
	
	NA
	53-70
	4.4-9.3
	6.4-10.3
	NA
	NA
	11-16.8
	NA

	Italy [21]
	Paragon (1.6)
	NA
	NA
	52.3-68.9
	4.8-9.8
	8.9-12.8
	NA
	NA
	10.4-16.2
	NA

	Belgium [14]
	Capillarys (1.41)
	50
	NA
	55.6-66
	2.0-6.9
	5.9-11.4
	NA
	NA
	8.0-18.8
	NA

	France
[22]
	Capillarys (4.14)
	M
	60
	NA
	50.5-62.7
	4.8-8.3
	7.1-12.2
	NA

	NA

	10.2-18.5
	NA


	
	
	F
	60
	
	
	
	
	
	
	
	


M: Male; F: Female; C: combined; A/G ratio Albumin to globulin ratio; NA: Not Available
[bookmark: _Toc43648041][bookmark: _Toc47421919]4. Discussion
[bookmark: _Toc43648042][bookmark: _Toc43689868][bookmark: _Toc44302231][bookmark: _Toc44908959][bookmark: _Toc44917023]Reference intervals are useful to interpret laboratory results to screen, diagnose and monitor different disease states in patient management as well as research undertakings including in clinical trials.  Due to lack of locally established reference intervals, the clinical laboratory reference intervals currently being in use in many African countries including Ethiopia are provided by companies based on mainly western populations [7]. There is also paucity of data on reference intervals for serum protein fractions in the literature.
[bookmark: _Toc43648043][bookmark: _Toc43689869][bookmark: _Toc44302232][bookmark: _Toc44908960][bookmark: _Toc44917024]The marked difference in the existing established reference intervals among population groups may lead to either unnecessary additional investigations or failure to detect underlying disease or mismanagement of patients [8].
[bookmark: _Toc43648046][bookmark: _Toc43689871][bookmark: _Toc44302233][bookmark: _Toc44908961][bookmark: _Toc44917025]Since little or no reference interval data is available in poor setting countries like Ethiopia, the current study established reference interval for serum protein fractions which serve as baseline data for the diagnosis, interpretation and monitoring of problems associated with serum proteins fractions in clinical laboratories.
[bookmark: _Toc43648045][bookmark: _Toc43689870][bookmark: _Toc44302238][bookmark: _Toc44908962][bookmark: _Toc44917026]The reference intervals provided by manufacturer of the reagents France [15] and other published RIs in Belgium [14], USA [17], Switzerland [18], Japan [19], Italy [20] and France [22] revealed a combined reference interval for both male and female for all serum protein fractions. But study conducted by Lim et al [24] recommended establishment of gender specific reference interval which plays a crucial role in laboratory result interpretation of serum protein fractions. As a result, current established reference interval provides gender specific reference interval for serum protein fractions.  
[bookmark: _Toc43689408][bookmark: _Toc44301673][bookmark: _Toc44908963][bookmark: _Toc44917027]In the current study, Non-parametric test (Mann-Whitney U test) reveals statistically significant gender specific differences for Albumin and Alpha-2 globulin (expressed both in percentage and absolute concentration); Alpha-1, Beta-1 and albumin to globulin ratio. However, the difference of Beta-2 and Gamma globulin were not statistically significant. The Study is in agreement with a study conducted by Bossuyt et al Belgium [13], which showed insignificant gender specific differences in gamma globulin RIs. 
[bookmark: _Toc44302235][bookmark: _Toc44908964][bookmark: _Toc44917028][bookmark: _Toc44302236]The upper percentile of RIs established for albumin in current study is lower than either RIs provided by manufacturer of reagent France [15] or already published RIs in Belgium[13,14], USA [17], Switzerland [18], Italy [20,21], Japan [19] but higher than RIs established by Lissoir et al in France [22] .The lower percentile for albumin is lower than already published RIs in Belgium [13, 14], Switzerland [18], France [15] and Japan [19] but higher than that of USA [17], Italy [21] and France [22]. The discrepancies may be attributed to genetic makeup and feeding styles of study participants involved in RIs establishment. The Lower percentile is concordant with RIs established by Petrini et al in Italy [20].
[bookmark: _Toc44908965][bookmark: _Toc44917029]In the established RIs, females have higher upper limit (97.5th percentile) for all globulin fractions (Alpha-1 globulin, alpha-2 globulin, beta-1 globulin, beta-2 globulin and gamma globulin) than males. The study is in agreement with findings of Bossuyt et al in Belgium [13] for alpha and alpha 2 but differs in gamma globulin which is the same for male and females.  The variation may be resulted from difference in antibody production during exposure to different disease states.
[bookmark: _Toc44302239][bookmark: _Toc44908966][bookmark: _Toc44917030]The current established reference interval of serum protein electrophoresis fractions (albumin, alpha globulin, beta globulin and gamma globulin RIs) is different from previously published reference interval study conducted in Belgium on 161 apparently healthy adults aged 18-65 years by Bossuyt et al Belgium [13].
[bookmark: _Toc44302240]Formerly, albumin to globulin ratio (A/G ratio) was mainly used for the diagnosis of liver function and immunological diseases. In recent times, it has been reported as a novel inflammatory indicator for prognosis in various cancers such as colorectal cancer, lung cancer, esophageal cancer, and breast cancer [23]. The study established RIs for albumin to globulin ratio which is not provided by manufacturer of reagents France [15] or study conducted by Bossuyt et al Belgium [13] or other published RIs in Belgium [13,14], USA [17], Switzerland [18], Italy [20,21], Japan [19] and France [22].
Except for beta-2 globulin, the current established RIs reveals higher upper percentile in all globulin fractions (alpha-1 globulin, alpha-2 globulin, beta-1 globulin, beta-2 globulin and gamma globulin) compared to manufacturer of reagents France [15]. The variations may be attributed to racial differences (genetic predispositions) [24].

[bookmark: _Toc43648052][bookmark: _Toc47421923]5. Conclusion 
[bookmark: _Toc44302248][bookmark: _Toc44908974][bookmark: _Toc44917038][bookmark: _Toc43648053][bookmark: _Toc43689881]The present study established RI for albumin, alpha-1 globulin, alpha-2 globulin, beta-1 globulin, beta-2 globulin, gamma globulin and albumin to globulin ratio for the first time in the country and provides baseline data for future studies and the analysis was done in the National reference laboratory which participates in external quality assurance as well as accredited by ENAO. The established RI revealed gender specific differences in reference interval except for Beta-2 globulin and Gamma globulin.
[bookmark: _Toc47421871]Abbreviations
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