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        Abstract



        
          Background:


          External Quality Assurance Scheme (EQAS) is the system which allows every laboratory to compare its overall performance with other internal and external existing laboratories, working in similar disciplines. Significant improvements were reported in different laboratories and countries after attending one or more of such programs. The project objective was to assess EQAS participation level in Salmonella and Shigella species that had been processed for six years under WHO-AFRO GSS EQAS program.

        


        
          Methodology:


          Samples received for Salmonella and Shigella species, as well as Campylobacter and other unknown enteric pathogens identification were directly inoculated to the suitable and selective media according to the type of organisms. Serogroups were reported using terms according to Kauffmann-White-Le Minor procedures. For antimicrobial susceptibility testing, drug diffusion method and CLSI interpretation guideline was used.

        


        
          Results:


          From the overall participation (2008-2013), serogrouping results were correctly reported as 62/ 71 (87%). None of the deviations was recorded for Shigella species. Participation for Campylobacter species was only twice per six years, in 2009 and 2010; the results of agreement with the expected values were ½ (50%) and 2/2 (100%) respectively. In line with this, the antimicrobial susceptibility participation was correctly reported as 320/356 (89.9%).

        


        
          Conclusion:


          Even though everyone has gained knowledge and awareness about the benefits of EQAS by default, its acceptance and implementation in developing countries are less communicated and exercised. The final recommendation will be that all higher officials and policymakers in the field have to give attention to it and allocate adequate budget on a continuous basis.
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      1. BACKGROUND


      EQAS (External Quality Assurance scheme) is a system which supports every laboratory to provide effective service to the consumers and maintain their performance quality based on the standard requirement. Two types of quality assurance approaches are well known; the intra laboratory comparison and intercomparison, which are characterized by the assessment of the laboratory by other laboratories working in the country and a periodic laboratory auditing with cooperating laboratories working in different countries, respectively. The latter is defined as EQA or proficiency testing and it is a mechanism of proving the overall laboratory performance towards the expected standard of the specific discipline [1-3].


      According to the World Health Organization guideline draft 2002 report, the quality of service has been demonstrated to improve after participating in different EQAS programs. In agreement with this, the South African hospital accreditation program proved that statistically significant improvement was achieved on a number of quality indicators as a result of continuous participation [4].


      With this regard, there are some national laboratories that provide EQAS participation opportunities for some specific programs [5-7]. An Iranian national external quality assessment scheme can be taken as a model by providing quality testing materials for both governmental and private microbiology laboratories found in the country [8, 9]. This active program was launched in 1994 and covered a wide range of clinical microbiology parameters performing two or three runs annually to evaluate their overall performance through periodical time frame [10, 11]


      The Tokyo Metropolitan government, on the other hand, had given a license for independent microbiology laboratories working in Japan and have been supported to involve in such mandatory evaluation since 1982. In the year 2000, they have assessed their eighteenth years' performance and estimated the impact of the program to identify the success and limitation [8, 12], similar to French, Ontario, and Indian national laboratories [13-15]. In Edmonton, Alberta, Canada, the detection skill of extended spectrum lactamase producing organisms which was 10% in 1997 was amplified to 100% by the year 2008, after serial participation. Laboratories also have revealed progress in reporting and interpretation of third-generation cephalosporin test results [16]. In comparison to Canada, the UK, NEQAS scheme for checking the CDC recommendation (use of liquid culture techniques to improve the time taken to diagnose TB infection within 21 days), the percentage of participants reporting positive results had been ascending from 55% in 1995 to 83% in 2002 [17].


      From a global aspect also, there are different organizations which have EQAS/ PT programs and provide samples for laboratories found worldwide. CLSI, ISO, CDC, and WHO are among other organizations. The WHO-AFRO Global Salmonella-Surveillance EQAS program known as a global network of epidemiologists and microbiologists is involved in Salmonella surveillance. The first one initiated in the year 2000, and since then continuously serving all the developed and developing countries by providing quality control samples for free and closely supporting to upgrade their performance [4, 18]. In Africa, the National Institute for Communicable Diseases of South Africa is running a national policy of EQAS with well-functioning accreditation system and is also actively engaged in this program. On top of that, it provides external quality assessment programs on meningitis, plague, tuberculosis, mycology, enteric bacteria, malaria and on other very important disciplines. Despite the fact that the level of participation differs for most of the African countries, Ethiopia is currently more focusing on malaria, HIV, TB, polio, and in few bacteriological tests [19-22].


      The public health microbiology laboratory is one of these laboratories working under the Ethiopian Public Health Institute and has only been participating in WHO-AFRO EQAS program of Salmonella and Shigella species, serogrouping and antimicrobial testing since the year 2008. This program encompasses four different testing schemes; Serotyping and/ or serogrouping as well as antimicrobial susceptibility testing of Salmonella, Shigella, Campylobacter species and identification of an unknown enteric bacterium [23, 24]. Nevertheless, the laboratory has been making an effort to widen its scope and participate in all schemes of the program, but the participation level is restricted only to few parameters.


      Therefore, this evaluative proposal targets to evaluate the laboratory performance towards this specific program and to clearly show the current limitation that restrains it from active participation to this and other related quality assurance programs, similar to other developing countries [25, 26].

    


    
      2. METHODOLOGY


      This study is an evaluative retrospective study on EQAS participation level of Salmonella and Shigella species and covers six years period from the year 2008 to 2013. It was carried out at public health microbiology of EPHI. The study incorporated all EQAS results which had been processed within the indicated period of time. The Salmonella and Shigella strains and the ‘unknown' bacterial isolates were shipped as agar stab cultures and lyophilized for some specific reference strains like Campylobacter. They categorized as UN3373 biological substance category and transported through cargo transportations system annually.


      On arrival of the samples to the laboratory, the agar stab culture, subcultured on suitable broth, and the stocks were organized for storage in a -80°C freezer. For reconstitution of the Campylobacter reference strains, there is an instruction for opening and reviving lyophilized cultures as attached inside the package.


      The broth suspension then directly inoculated to the suitable and selective media as stated by WHO-EQAS procedure for each type of organisms. XLD or Mackonkey media were used to isolate among Salmonella, Shigella, E.coli and unknown samples at the first line, followed by using basic media like nutrient agar and blood agar for purifying the isolates before testing for serogrouping or serotyping. The Salmonella and Shigella strains were serogrouped/serotyped using the method routinely used in the laboratory. Sero-groups were reported using terms according to Kauffmann-White-Le Minor procedures [1].


      In line with the WHO-EQAS protocol, all Salmonella and Shigella strains, as well as the E. coli ATCC 25922 reference strains were tested for susceptibility testing for the following antimicrobials:Ampicillin, AMP; cefotaxime, CTX; ceftazidime, CAZ; ceftriaxone, CRO; chloramphenicol, CHL; ciprofloxacin, CIP; gentamicin, GEN; nalidixic acid, NAL; streptomycin, STR; sulfamethoxazole, SMX; tetracycline, TET; trimethoprim, TMP and trimethoprim + sulphonamides, SXT. Although the additional testing of Extended-Spectrum Beta-Lactamase (ESBL) producing strains, using the antimicrobials CTX and CAZ in combination with the inhibitor clavulanic acid is another opportunity, the laboratory was unable to participate. The following antimicrobials were used for AST of Campylobacter strains: chloramphenicol, CHL; ciprofloxacin, CIP; Erythromycin, ERY; Gentamicin, GEN; Nalidixic acid, NAL; streptomycin, STR; and Tetracycline, TET.


      
        Table 1 EQAS serogrouping result of enteric pathogens, 2008-2013 (all the data were copied from WHO-Afro EQAS annual reports from 2008-2013).


        
          
            
              	Year of Participation

              	TN of Isolates Serogrouped

              	% of Correctly Serogrouped Isolates (P)

              	% of Outlier (probability of an Error (1-P)

              	Standard Error

              	95% CI
            

          

          
            
              	2008

              	8

              	7 (87.5%)

              	E1 (12.5%)

              	0.117

              	0.65-1.104
            


            
              	2009

              	12

              	11 (91.7%)

              	D2 for D1 (8.3%)

              	0.079

              	0.76-1.07
            


            
              	C. jejuni (2)

              	C.jejuni (1) (50%)

              	C.coli for C.j

              (0.5)
            


            
              	V.mimicus (1)

              	Vibrio (1)

              	-
            


            
              	2010

              	12

              	11 (91.7%)

              	(8.3%)

              G (O:13)Not reported

              	0.079

              	0.76-1.07
            


            
              	C.jejuni (1)

              	C.jejuni (1) 100%

              	-
            


            
              	C. coli(1)

              	C. coli (1)100%

              	
            


            
              	

              	S.enterica (D1&D2) (1)

              	

              	S.enterica for Citrobacter spp
            


            
              	2011

              	8

              	8 (100%)

              	-

              	-

              	
            


            
              	2012

              	12

              	11 (91.7%)

              	E4 for E1 (8.3%)

              	0.079

              	0.76-1.07
            


            
              	S.paratyphi (1)

              	-

              	S p for S.arizona
            


            
              	2013

              	12

              	11 (91.7%)

              	A for C2-C3 (0.083)

              	0.079

              	0.76-1.07
            


            
              	Total

              	71

              	62 (87%)

              	

              	

              	
            

          
        


      


      
        Table 2 Deviations on susceptibility pattern of tested isolates per expected result (all the data were copied from WHO-Afro EQAS annual reports of 2008-2013).


        
          
            
              	Years of Participation

              	No. of Antimic-robial Agents Tested

              	No. of Antimicrobial Agents Tested Correctly

              	Tested Incorrectly

              	Standard

              Error (SE)

              	95%CI

              	Minor Deviations (S to I or I to R switch) in Number

              	Major Deviations (S to R switch)

              In number

              	Very Major deviations (R to S switch)

              In number

              	Critical Deviations

              (R to S /S to R switch)

              (Major + Very major)

              	%

              Total Deviations
            

          

          
            
              	2008

              	80

              	73 (91.7%)

              	7 (8.75%)

              	0.032

              	0.86-0.98

              	5

              	-

              	2

              	2

              	7 (8.75%)
            


            
              	2009

              	108

              	99 (91.6%)

              	9 (8.3%)

              	0.027

              	0.86-0.97

              	4

              	-

              	4

              	4

              	8 (7.4%)
            


            
              	2010

              	84

              	76 (90.4%)

              	8(9.52%)

              	0.032

              	0.84-0.97

              	1

              	-

              	7

              	7

              	8 (9.5%)
            


            
              	2011

              	-

              	

              	

              	

              	

              	

              	

              	

              	

              	
            


            
              	2012

              	84

              	72 (85.7%)

              	12 (14.3%)

              	0.038

              	0.78-0.93

              	5

              	1

              	3

              	4

              	9 (10.7%)
            


            
              	2013

              	-

              	

              	

              	

              	

              	

              	

              	

              	

              	
            


            
              	Total

              	356

              	320 (89.9%)

              	

              	

              	

              	15

              	1

              	16

              	17

              	32 (8.9%)
            

          
        


        


      


      Based on the single arm statistical formula, performance deviation and agreement with the reference expected results were calculated using a single proportion method in different categories. The percentage of obtaining satisfactory/unsatisfactory results was also calculated as a summarized report. SPSS version 20 was used for data entry by transferring from the annual report. For result interpretation and analysis, the standard error of the true proportion P value was calculated to observe the level of statistical variation at 95% CI. This research was ethically cleared by EPHI Scientific and Research Ethical Clearance Committee (SERO) directorate.

    


    
      3. RESULTS


      Among all serogrouped isolates, 62/ 71 (87%.) were correctly reported Table 1. Likewise, 320/356 (89.9%) antibiotics were verified in agreement with the actual results for antimicrobial susceptibility testing. The highest major disagreement was observed on ciprofloxacin (6X) and tetracycline (5X). On the contrary, the minor deviation was observed on tetracycline (5X), followed by Nalidixic acid (3X), in decreasing order Table 2. Majority of the antimicrobial susceptibility testing result discrepancy was observed with Salmonella Subgroup C, for 8 to 10 different types of drugs. Alternatively, the highest deviation was seen by Tetracycline, with subgroups B, C, E and F. In contrast, none of the variations were observed against Salmonella Group A, G and H Table 3.

    


    
      4. DISCUSSION


      It is believed that quality assurance is an important element in the provision of quality public health services, and to improve the performance of health laboratories. In spite of continuous endeavours on the implementation of EQAS in the developing countries, even for more than a decade, it is not as successful as it should be. Despite the fact that EQAS participation is mandatory to upgrade the overall performance of the laboratory, most of the developing countries’ involvement is far from what is the expected. Even internal quality control activities have not been accomplished regularly in many laboratories [32].


      Achieving the quality issues at continues basis is becoming more difficult for developing countries. These broad limitations have been observed in all African countries except South Africa involved in all programs, since the year 2001. According to the WHO-EQAS 2012 report Fig. (2) [19], Tunisia, Algeria and Kenya are the best participants from Africa following South Africa, when compared to other African countries. In contrast, most other countries have not shown any participation. A very similar limitation was also reported in South East Asia regions. Some of the countries in the region have been participating for all or some of the parameters. China is a well-known country which has been participating in all schemes reminiscent to North and South American countries. The Oceania region members, Australia and New Zealand are also the major participants resembling European countries. Ethiopia has been continuously participating since the year 2008 but not fully as expected. This restrains further improvements in the laboratory .


      Although there are some laboratories participating in different specific programs, inconsistency in participation level has been observed as a result of different factors. One of these factors is the budget limitation. Likewise, the public health microbiology laboratory (Ethiopia) was enrolled in this program after the year 2007 following WHO-AFRO GFN/ GSS II training. Participation had been continuous beginning from 2008 to 2013, though the level of involvement varied each year and only targeted towards a single program Fig. (1). Nevertheless, the participation was only limited to serogrouping and sometimes for antimicrobial susceptibility testing, the laboratory could not go further to serotyping. The reason was either the kits were not available according to the program criteria or were incomplete. In agreement to this, antimicrobial testing participation was missed twice, in the year 2011 and 2013.


      Comparable results have been obtained from different countries. The WHO-AFRO GSS program review report of 2000-2007 [18] explains that each year, the overall per-formance of Salmonella serogrouping for all participating countries is satisfactory as the percentage of deviations is very low for all of the test strains. The public health microbiology laboratory (Ethiopia) performed acceptably in this respect. The deviation in each participation year was less than 10% except, for the first year of participation (2008), which was 12.5% [18]. None of the discrepancies were also recorded for Shigella species since the confirmation procedure is more accurate and very few weak reactions have been observed. The possible reason might be that few numbers of known species are circulating in the environment, unlike the different complex nature of Salmonella species. In general, the overall variation in serogrouping is statistically insignificant since the calculated P-value is > 0.05.


      Participation for Campylobacter species was done only twice per six years, only in 2009 and 2010; the results of agreement with the expected values were ½ (50%) and 2/2 (100%) respectively. The challenges were mostly observed in the identification of Campylobacter species, because of difficulties in the optimization trial of hippurate hydrolysis test. The resulting interpretation of biochemical testing which has a different range of acceptance for positive/negative categories (like > 90% or >99% or >50%...) and the emerging nature of new strains which can never be ruled by the existing previous rules also play a role in the limitation of identification of organisms, using conventional methods. The interpretation of Cephalosporin and Nalidixic acid susceptibility testing, the two drugs which are used for identification purpose of Campylobacter, sometimes confronts challenges since the guideline is mostly applied for MIC methods (EUCAST) and disk diffusion technique and not much applied for this particular type of organism [27]. However, laboratories in most of the developing countries follow the latter method therefore, correlation of the results to MIC might create some discrepancies.


      
        Table 3 Sub-groups of Salmonella/ Shigella species and their corresponding antimicrobial testing result deviations observed (per the accepted ranges) (all the information were obtained from WHO-Afro EQAS annual reports of 2008-2013).


        
          
            
              	Sub-Groups of

              Salm/ Shig

              isolates

              	Ampcillin

              	ceftaxime

              	Cefrazidime

              	Ceftriaxone

              	Chloamphenicol

              	Ciprofloxacin

              	Gentamicin

              	Nalidixic

              Acid

              	TMP/SMX

              	Tetracycline

              	total
            

          

          
            
              	G- A

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	
            


            
              	G-B

              	

              	

              	

              	

              	

              	

              	1

              	

              	

              	2

              	3
            


            
              	G-C

              	1

              	1

              	2

              	1

              	1

              	4

              	

              	2

              	

              	1

              	13
            


            
              	G- D

              	

              	

              	

              	

              	

              	

              	

              	1

              	

              	

              	1
            


            
              	G- E

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	2

              	2
            


            
              	G- F

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	1

              	1
            


            
              	G- G

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	
            


            
              	G- H

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	
            


            
              	Shigella species

              	

              	

              	

              	

              	

              	2

              	

              	

              	

              	

              	2
            


            
              	Overall

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	

              	22
            

          
        


        


      


      [image: ]
Fig. (1)

      Six years trends of Salmonella and Shigella serogrouping and antimicrobial susceptibility testing participation.

      [image: ]
Fig. (2)

      Countries participated in the WHO EQAS 2012 program are shown in green color, including Ethiopia. The white color indicates the non-participating regions for the indicated specific period. (Adopted from; the WHO EQAS 2012 Report, DTU Food).

      In spite of the participation level for unknown samples being successful in most of the years, the results had not been as excellent as they should be, because of incomplete antisera or biochemical reagents.


      Based on the WHO-AFRO goal to have all laboratories perform Salmonella antimicrobial susceptibility testing with a maximum of 10% total deviations (minor, major, or very major deviations) and a maximum of 5% critical deviations (major or very major deviations), the laboratory performance had met the requirement of total deviation in all participation years except the year 2012, which exceeds the limit by 4%. In parallel to antimicrobial susceptibility testing requirement of critical deviation, the criteria were made for three years; 2008 (2.5%), 2009 (3.7%) and 2012 (4.8%), except for the year 2010 which was (8.3%) [19]. Although the above results are acceptable as per WHO -EQAS criteria, the overall variation is statistically significant since the calculated P-Value is less than 0.05, which needs further attention.


      The detection trend for serogrouping had shown a slight progress from 87.5% in the year 2008 to 91.7% in consecutive years up to the last year of participation that was 2013. In contrast, to serogrouping, successful participation to antimicrobial susceptibility had been decreased slightly from 91% of the previous years to 85.7% in the last participation year of 2012. It can be concluded that the overall participation trend has been well achieved even with slight differences .


      This result, in general, indicates when the laboratory performance is well and satisfactory; it works for implementing standard protocols. The efficiency of laboratory professionals working on this program is also remarkable and competent even though slight outlier results were registered due to different factors. Similar results were obtained in different countries [28, 29]. For example, Indian EQAS system scheme also evaluated reference laboratories performance of North and South Indian regions on HIV- testing parameters and reported satisfactory results in general [30, 31].

    


    
      CONCLUSION


      Even though everyone has gained knowledge and awareness about the benefits of EQAS by default, its acceptance and implementation in developing countries are less communicated and exercised. The failure of incorporating and adopting such important programs to the laboratory system, as the WHO-AFRO's scheme expectations, ends up in building an underdeveloped (stagnant) laboratory, which works far from the modern and standard system. According to the observations from this report, most of the reasons to not actively engage in this program are associated with antisera and chemical scarcity in addition to some laboratory related issues . The main message from this observation is that all laboratories have to have a budget plan annually for EQAS program, similar to routine services, especially for the national reference laboratories. They have to mandate routine EQAS program participation that meets an international quality standard [32]. All necessary chemical and materials have to be supplied to these laboratories on a consistent basis. Therefore, it can be taken as a part of the usual normal activity of the laboratory. Unless such mechanisms have been developed and implemented, the program’s usefulness will not be traced out.


      It can be concluded that the overall drawback is not associated with budget scarcity in the area, it is an overall awareness limitation. Most of the responsible agents like WHO have to continue supporting the implementation strategy of EQAS participation. They have to follow the laboratory performance, donate kits and minimize the occurrence of errors. Nowadays, the gaps between developed and developing countries have increased not only in terms of participation in such programs but also in the research scope, which have made the latter more dependent on the former. Therefore, minimizing the globalization issues and the gaps between the two groups have to be the main agenda to be implemented by the active players worldwide.


      Moreover, if the laboratory performs year after year based on its own in-house method, it can never evaluate its position against the international standard. Whenever there are quality assurance issues, EQAS is mandatory at all stages. Furthermore, the links between the regional and the central laboratory have to be strengthened so that the participation scheme will be extended , up to the peripheral level.


      Therefore, the final recommendation for the improvement of this program is all higher officials and policymakers in the field have to pay serious attention to this issue [33, 34]. Ethiopian and other African laboratories working in similar disciplines have to be equivalently competent in doing scientific research and modernizing their laboratory activities, in a similar way to that of key member countries. Providing awareness of this discipline is the major and main goal of this review report and the WHO- AFRO GSS program scheme [22, 33, 35].

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	AIDS

          	= Acquired Immunodeficiency Syndrome
        


        
          	AMP

          	= Ampicillin
        


        
          	ATCC

          	= American Type Culture Collection
        


        
          	CAZ

          	= Ceftazidime
        


        
          	CDC

          	= Center for Disease Control and Prevention
        


        
          	CHL

          	= Chloramphenicol
        


        
          	CIP

          	= Ciprofloxacin
        


        
          	CLSI

          	= Clinical Laboratory Standards Institute
        


        
          	CRO

          	= Ceftriaxone
        


        
          	CTX

          	= Cefotaxime
        


        
          	DFID

          	= Department for International Development
        


        
          	DTU

          	= Danish Technical University-National Food Institute
        


        
          	ECDC

          	= European Centre for Disease Prevention and Control
        


        
          	EPHI

          	= Ethiopian Public Health Institute
        


        
          	EQALM

          	= External Quality Assurance program in laboratory medicine
        


        
          	EQAS

          	= External Quality Assurance System
        


        
          	ERY

          	= Erythromycin
        


        
          	ESBL

          	= Extended-Spectrum Beta-Lactamase
        


        
          	EUCAST

          	= European Committee on Antimicrobial Susceptibility Testing
        


        
          	EURL AMR

          	= European Union Reference Laboratory for Antimicrobial Resistance
        


        
          	GEN

          	= Gentamicin
        


        
          	GFN

          	= Global Foodborne Infections Network
        


        
          	GSS

          	= Global Salmonella-Surveillance
        


        
          	HIV

          	= Human Immunodeficiency virus
        


        
          	ISO

          	= International Organization for Standardization
        


        
          	MIC

          	= Minimum Inhibitory Concentration
        


        
          	NAL

          	= Nalidixic acid
        


        
          	PT

          	= Professional Testing
        


        
          	SMX

          	= Sulfamethoxazole
        


        
          	STR

          	= Streptomycin
        


        
          	SXT

          	= Trimethoprim + Sulphonamides
        


        
          	TB

          	= Tuberculosis
        


        
          	TET

          	= Tetracycline
        


        
          	TMP

          	= Trimethoprim
        


        
          	UK NEQAS

          	= United Kingdom National External Quality Assessment Service
        


        
          	WHO

          	= World Health Organization
        


        
          	XLD

          	= Xylose Lysine Deoxycholate Agar
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