
[image: cover]





	DOI:  10.26717/BJSTR.2018.22.002168
Leonard Kingwara. Biomed J Sci & Tech Res

	[image: ]












	Research Article
	Open Access










	Method for Selection of Laboratories in Need
of Infrastructure Improvement to Meet HIV Viral
Load and Early Infant Diagnosis Unmet Testing
Needs in Kenya






Leonard Kingwara*1, Kipkerich Bera1, Vincent Were2, John Gituma3, Frank Onyambu5, Nancy Bowen1, Emilia Fernandez4 and Dardane Arifaj Blumi4


1NationaI Public Health Laboratory, Kenya


2Kenya Medical Research Institute (KEMRI), Kenya


3Amref Health Africa, Kenya


4The Global Fund to Fight AIDS, Tuberculosis and Malaria 

5University of Nairobi, Kenya




Received: November 28,2018;  Published: December 10,2018


*Corresponding author:  Leonard Kingwara, National Public Health Laboratories (NPHL), Kenya







Abstract


Introduction: Laboratory infrastructure remains an obstacle for meeting ISO 15189 requirements to assure functional quality management system essentials and competency to generate accurate results. With limited resources, it is challenging to select which facilities to upgrade from among many of similar needs. While common variables in laboratory systems are known, a model that uses these variables to identify priority laboratories for infrastructure upgrade in most resource limited setting is missing.



Methods: A quantitative and qualitative based questionnaire was used to collect specific indicators. Principal Component Analysis (PCA) type of factor analysis was then used to generate weights for each indicator. Composite indices were then obtained and used to group laboratories into four ranked clusters.



Results: Four clusters were generated in ranked order where the poorest performing facilities n=4, 21.1% were classified in cluster one. Of the 29 indicators the composite range score for the first five was 0.083-0.142. Absence of fire and smoke detectors had the least weight at -0.13. Among the 20 laboratories 9 had a negative factor weight.



Discussion: PCA method provides an opportunity to apply quantitative methods for generating weights that can be applied to select laboratories for infrastructure improvement.
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Introduction


Capabilities of medical laboratories in sub-Saharan Africa vary depending on the country, development partners and location [1]. Common variables considered in ranking laboratory systems in this region are: laboratory infrastructure, laboratory equipment, supplies management system, access to utilities and implementation of quality management system [2,3]. Investment to support HIV, TB and malaria diagnosis have been geared towards improving quality management systems in service delivery rather than addressing infrastructural needs urgently required by these facilities, resulting in non-holistic response to priority diseases [4]. Kenya governance structures have devolved healthcare to the county governments which are yet to establish economic investment models for funding laboratory infrastructure [5]. The most missed variable in laboratory system investment is usually infrastructure. Allocating funds towards laboratory infrastructure upgrades are thus a challenge for laboratories to attain ISO 15189 accreditation in order to support key laboratory programs such as HIV and TB [6-9]. 






In order to overcome the challenges and delivery of efficient specialized diagnostic services in support of priority disease (HIV, TB and Malaria), Kenya has adopted the use of selected public health and research laboratories. Due to this, a significant success in terms of VL/EID coverage has been noted [10-12]. This can be attributed to laboratory implementing partners. Despite these improvements, VL/EID test access in remote locations in Kenya is still restricted due to high costs, complex specimen collection and transport requirements, need for well-established laboratory infrastructure and well-trained personnel [13,14]. In June 2013, World Health Organization (WHO) recommended routine viral load monitoring as the preferred strategy for the diagnosis and confirmation of antiretroviral therapy (ART) treatment failure (WHO 2013) [8,9,15-17]. This increased workload has resulted in long laboratory turnaround times with median values across the testing laboratories ranging from 12 days to 32 days [13]. Delayed detection of treatment failure and late HIV-1 infant diagnosis leads to accumulation of HIV drug resistance and costly switches to second-line ART [14].


To support the viral load and EID scale-up plan, laboratory renovation was proposed through a consultative approach involving all the key stakeholders. It stems from the Kenyan VL/EID laboratory strategic plan that provides a detailed description of the seven pillars namely:



a)	Policy guidance, leadership and management of viral Load and EID services,



b)	product selection,



c)	Site selection and laboratory capacity building mechanism,



d)	Forecasting and financing requirements for VL/EID scale up,



e)	Optimal specimen referral networks through mapping, human resource requirements and resources for their retention,


f)	Advocacy and education targeting health care providers and patients, and lastly



g)	Monitoring and evaluation.



In order to achieve these plans, Kenya Ministry of Health, with support from the Global Fund designed to fight HIV/AIDS, TB and Malaria made an investment to improve laboratory systems in Kenya. The goal was to optimize access to specialized laboratory services, uptake and coverage in HIV, TB and Malaria diagnosis, care and treatment monitoring. No prior assessment had been done to evaluate the actual laboratory infrastructure needs required to support the national EID and VL scale-up plan. This exercise was thus aimed at assessing laboratory physical infrastructure, obtaining architectural designs and bill of quantities to inform proposed renovation and upgrades of county laboratory buildings to meet molecular testing requirements (HIV viral load and early infant diagnosis) for level-2 specialized laboratories. In this methodology study we evaluated a selection method for the best possible way to select and earmark laboratories for upgrades that would fit within the available budget while maximizing the gains on HIV viral load and EID unmet testing needs.



Methods


National Public Health Laboratories Services (NPHLS) - Ministry of Health (MOH) in collaboration with African Medical and Research Foundation (AMREF) Health Africa in Kenya developed a model to select 20 medical laboratories using DHIS database. The model was based on weighted averages, where (50%, 40% and 10% of the weight being awarded to workload, unmet needs and test turnaround time. The 20 facilities were picked from a sample pool of 7654 facilities that tested both EID, and VL. One facility in Trans-Nzoia county; Endebes Sub-County Hospital was deselected as it did not meet the requirement of being level 4 facility or above. Detailed assessment based on key indicators, architectural designs and bills of quantities for renovation of the 19 pre-selected facilities earmarked under this grant were then obtained through involvement of the county health management teams (CHMTs) and their respective ministry of works officials. The laboratory infrastructure indicator checklist captured the current state of infrastructure, HIV prevalence of the capture population, ISO 15189 accreditation status, accessibility of the facility by neighboring facilities, capacity in terms of personnel numbers and levels of training among others.



State of the laboratory infrastructure were captured with data elements such as laboratory section separations, building security, laboratory chemical, reagent and consumable safety, walls, windows, floors, lighting, sinks, laboratory furniture, biosafety cabinet, emergency eyewashes and showers, fire and electrical safety. These indicators selected are mainly predictors to quality testing, HIV and TB testing needs, equity and infrastructure gaps. Facilities assessed included the following county referral hospitals; Migori, Kisii, Homa-bay, Kisumu, Siaya, Kakamega, Bungoma, Kericho, NakuruLodwar, Moyale, Kapsabet (Nandi) county referral hospitals. Others were Meru level 5 Hospital, Mbagathi District hospital, Mbita sub-county hospital, Endebes sub-county referral, and Coast Provincial General Hospital. Once the questionnaires were filled out, they were securely stored in a safe cupboard until retrieval for analysis. The data was entered into an SPSS database.



Data Analysis



We adopted a mixed method approach where both quantitative data and qualitative data were analyzed with the initial nested in the latter. This allowed for full utilization of data and enabled the capture of the status of the facilities selected. In the qualitative data we adopted framework analysis for the key informant s responses. One key advantage with this framework analysis is that although it uses a thematic approach, it allows themes to develop both from the assessment questionnaire and from the narratives of various key informants (laboratory in-charges).



Questionnaires were open ended to allow generation of rich data from the interviews. The interviewee responses were then matched to the scoring system of the laboratory needs on the grading section of the questionnaire. Major themes began to emerge during this process leading to the identification of a thematic framework. This was done manually by writing memos in the margin of the text in the form of short phrases, ideas or concepts arising from the texts.



At this stage descriptive statements were formed, and an analysis carried out on the data under the questioning route. The third stage, indexing, comprised sorting the data, highlighting and sorting out quotes and making comparisons both within and between cases. The fourth stage, charting, involved grouping the laboratories into various segments for each specific indicator so as to give a clear picture of the laboratory selected for infrastructure renovation. The scoring questionnaire had ranked laboratory renovation needs such as floor, roof, safety equipment, walls, and partitions, electrical and mechanical needs on a Likert scale of 1-5. This process allowed conversion of qualitative data into quantitative format. Once all the data was on quantitative format, we used PCA method to provide weights to the key indicators by applying factor analysis for each indicator and then clustering the laboratories based on summation weights attained by each. PCA is a multivariate statistical technique used to reduce the number of variables in a data set into a smaller number of dimensions. In mathematical terms, from an initial set of n correlated variables, PCA creates uncorrelated indices or components, where each component is a linear weighted combination of the initial variables. For example, from a set of variables X1 through to Xn for each of the indicators
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Where;


Amn represents the weight for the mth principal component and the nth variable and pcm is the weighted combination of the variables general index. Ranking was applied to cluster the laboratories into five clusters.




Results


 Characteristics of Health Facilities


Nineteen facilities were selected for assessment on their renovation needs to bridge the infrastructure gap necessary for them to start performing molecular testing. Most facilities had standard sections of Serology, phlebotomy, patient waiting bay, microbiology, hematology and CD4 sections. Only one facility, Coast General Hospital, was already performing molecular testing. Space allocations for most laboratory sections were considered inadequate. 12 facilities had insufficient space to perform the current laboratory work, five had standard space with two undergoing complete overhauls. None of the facility apart from CPGH had an excess room that could be taken to support molecular testing thus for most of the facilities. Expansion of the current structure was thus necessary to accommodate molecular testing.



Selected laboratories had adequate technical staff for the current work they are supporting. The level of education for the staff in these facilities can be summarized as follows, 6% MSc, 44% BSc, 47 ordinary diploma and 3% of non-skilled staff. None of the laboratories selected had cracked walls. The paint works, and the window space was adequate. Three of the facilities required window repair. None had the required chorion floor type recommended for laboratory space. Access control for the laboratory space was not electronic however they have physical control in terms of door. In terms of safety all the laboratories had emergency exits and safety plans. The doors are in good condition, while 8 facilities visited will need renovation on the floor, and an additional three will need repair on the roof.


Facilities visited had fully functional drainage systems in place. The only missing link to the drainage system was the dilution traps that only one facility, Kisumu district hospital. There were no leaking pipes or uncovered manholes. All facilities had stable supply of water apart from Bubisa. In terms of sewerage system, they had a proper system, apart from Kakamega PGH which requires renovation in its sewerage system. Nine out of nineteen facilities visited had sufficient number of laboratory sinks for usage. The remaining ten had a gap of one to three sink places that need to be renovated to ensure that all the designated places had sinks. Materials used for sink construction were mainly stainless steel. The sink had the adequate height to ensure there is no splash. None of the laboratory sinks had the recommended elbow tap. Five facilities had their water closet blocked.



Classification of Health Facilities in Clustered Quintiles



Table 1 A total of 19 health facilities were assessed using 29 indicators. Using the factor weights generated from PCA models the facilities were grouped into four groups (clusters) where the first cluster represented the poorest performing health facilities and cluster four were the best performing facilities. Four facilities (21.1%) were in cluster 1, the poorest performing while five facilities (26.3%) were in cluster 5 the best performing. Based on factor weights the poorest performing facilities were given priority in selection.




Table 1: Percentile Group of Health Facilities.
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Ranking of Indicators Baseline Stage



Table 2 A total of 27 indicators were evaluated and factor weights generated. Where the lab indicated having 31 personnel and it made up of 18 sections, it scored 0.142, having HIV prevalence above the median pooled prevalence of 7.4% scored 0.137, which is second weighted indicator. The third best weighted indicator those facilities with outpatients above the median pooled value (n=127,717). The fourth best ranked indicator was a facility has TB cases above the median value of 4,539 in 2014. These indicators increased the probability of a facility being ranking first or last for purposes of upgrading. The results further showed that if a facility was without a fire and smoke detectors, it had the least chance of being ranked best with a negative factor weight of -0.31, like if "all the rooms with heat-emitting equipment have AC's. TB lab is mechanically ventilated though the AC is overdue for service" (-0.13). A facility already served a Kitale county and has a low work load scored a factor weight of -0.10. In total 13 indicators have negative factor weights and 14 had positive contribution of ranking the first top. 




Table 2: Ranking of indicators at baseline stage.
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Ranking of Facilities Using Factor Weights and Clusters



Table 3 All facilities in cluster one and three were selected with exception of Endebes which did not comply with inclusion criteria for renovation. Three facilities from each of the remaining clusters were selected for further analysis. From cluster two we selected two facilities (Table 3). The best performing facilities had positive factor scores and the poorest performing ones had negative scores. In order to determine the selection criteria for laboratories to benefit from this investment and aid decentralization processes to mitigate the unmet needs for HIV viral load testing, data from the viral load database was used.



Table 3: Ranking of health facilities based of factor weights from principal component analysis.
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Discussion



The selection model yielded four clusters. The first cluster had facilities with overall low infrastructural gaps, lowest HIV, TB and malaria testing needs and a less expansive geographical representation while cluster four had facilities with the highest infrastructural gaps, highest HIV, TB and Malaria testing needs and the most expansive geographical representation compared to the other regions. For selection purposes, equity was applied to ensure that the selected laboratories had the national representation and can support decentralization of EID and VL testing services to strengthen the current existing sample referral network. Principal Component Analysis and factor analysis (FA) are supported by many statistical packages [18,19]. Both methods use EVD (eigenvalue decomposition), with some differences in factoring. The model has no underlying model for interpreting the "factors" [19-21]. In addition, it does not account for errors during measurements or surveys, and thus if the correlation matrix is used, it places all the variables on one diagonal unlike FA, which places the communalities on the diagonal [20-22]. In this work we refer to the spectral decomposition of a matrix as eigenvalue decomposition (EVD). Most variables were square symmetric matrices thus there was no need to use singular value decomposition (SVD) as both the right and left vectors from the SVD were identical and singular values were equal to the square root of EVD generated eigenvalues.



Similarly, to other socio-economic work, we considered multiple criteria for choosing modes (eigenvectors) to use in laboratory selection using PCA [23-25]. We did not factor in any underlying model thus "interpretability" criterion does not apply [24-26]. In laboratory selection likewise to any socio- economic criterion ranking, we found that one often over-estimate the essential subspace if trying to factor a specific amount of variance, say 50 %, and thus it doesn't work well [20,24,26]. Cattell criterion applied by constructing the eigenvalue scree plot and identifying the 'kink' tends to work best [20,24]. Unlike with FA, there was no harm in doing this subjectively per each variable [27,28]. We thus propose that this approach can be combined with subspace analysis to identify the saturation point for the RMSIP plots, as this is a good indicator of the essential subspace that is invariant to the "noise" in the data.



The trimming down of facilities from 20 to 15 indicate that PCA can actually be used to guide the current in country investments on multi-disease diagnostic platform and scale-up of multi-disease near POC platforms to overcome multiple market entry barriers that stem from a lack of understanding of the market potential, forecasting, level of investment and resources, regulatory requirements, post market support, data connectivity, balance on where to place them without disrupting the conventional centralized testing, and supply chain limitations. This study therefore provides the most optimum methodology for use in multi- disease testing placement and use, their economic value and budget impact. It can provide the required optimum balance for improving the conventional current centralized laboratory testing network.


Conclusion



Principal Component Analysis is a quantitative method which
can be used to reduce many indicators to a sing score which can
then be used to identify and rank facilities in priority order for
renovations.




References





1.  	Schroeder LF, Amukele T (2014) Medical laboratories in sub-Saharan Africa that meet international quality standards. Am J Clin Pathol 141(6): 791-795.

2.  	Baker GH (2005) A Vulnerability Assessment Methodology for Critical Infrastructure Facilities. Proc Dep Homel Secur 2005 Res Symp p. 1-15.

3.  	Heywood P, Harahap NP (2009) Health facilities at the district level in Indonesia. Aust New Zealand Health Policy 6: 13.

4.  	Randall DR, Randall DR (2009) Molecular Biology Laboratory Manual. Spring.

5.  	Republic of Kenya (2010) The Constitution of Kenya. Laws Kenya pp. 191.

6.  	Gunneberg C, Reid A, Williams BG, Floyd K, Nunn P (2008) Global monitoring of collaborative TB-HIV activities. Int J Tuberc Lung Dis 12: 2-7.

7.  	States U (2010) National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention Division of Tuberculosis Elimination.

8.  	Grenfell P, Baptista Leite R, Garfein R, de Lussigny S, Platt L, et al. (2013) Tuberculosis, injecting drug use and integrated HIV-TB care: A review of the literature. Drug Alcohol Depend 129: 180-209.

9.  	Havlir DV, Getahun H, Sanne I, Nunn P (2008) Opportunities and challenges for HIV care in overlapping HIV and TB epidemics. JAMA - J Am Med Assoc 300(4): 423-430.

10.  	Finocchario Kessler S, Odera I, Okoth V, Bawcom C, Gautney B, et al. (2015) Lessons learned from implementing the HIV infant tracking system (HITSystem): A web-based intervention to improve early infant diagnosis in Kenya. Healthcare 3: 190-195.

11.  	Goggin K, Wexler C, Nazir N, Staggs VS, Gautney B, et al. (2016) Predictors of Infant Age at Enrollment in Early Infant Diagnosis Services in Kenya. AIDS Behav 20: 2141-2150.

12.  	Hassan AS, Sakwa EM, Nabwera HM, Taegtmeyer MM, Kimutai RM, et al. (2012) Dynamics and constraints of early infant diagnosis of HIV infection in rural Kenya. AIDS Behav 16: 5-12.

13.  	Njuguna IN, Wagner AD, Cranmer LM, Otieno VO, Onyango JA, et al. (2016) Hospitalized Children Reveal Health Systems Gaps in the Mother-Child HIV Care Cascade in Kenya. AIDS Patient Care STDS 30(3): 119-124.

14.  	Waruru A, Achia TNO, Muttai H, Ng'ang'a L, Zielinski-Gutierrez E, et al. (2018) Spatial-temporal trend for mother-to-child transmission of HIV up to infancy and during pre-Option B+ in western Kenya, 2007-13. PeerJ 13(6): e4427.

15.  	WHO (2010) The global plan to stop TB 2011-2015: transforming the fight towards elimination of tuberculosis. World Heal Organ Stop TB Partnersh pp. 101.

16.  	Abimiku AG (2009) Building laboratory infrastructure to support scale- up of HIV/AIDS treatment, care, and prevention: In-country experience. Am J Clin Pathol 131: 875-886.

17.  	Nadol P, Stinson KW, Coggin W, Naicker M, Wells CD, et al. (2008) Electronic tuberculosis surveillance systems: A tool for managing today's TB programs. Int J Tuberc Lung Dis p. 12.

18.  	Abdi H, Williams LJ, Valentin D (2013) Multiple factor analysis: Principal component analysis for multitable and multiblock data sets. Wiley Interdiscip Rev Comput Stat 5: 149-179.

19.  	Beaumont R (2012) An introduction to Principal Component Analysis & Factor Analysis Using SPSS 19 and R (psych package). J Geophys Res p. 24.

20.  	Burstyn I (2004) Principal component analysis is a powerful instrument in occupational hygiene inquiries. Ann Occup Hyg 48: 655-661.

21.  	Abdi H, Williams LJ (2010) Principal component analysis. Wiley Interdiscip Rev Comput Stat 2: 433-59.

22.  	de Winter JCF, Dodou D (2014) Common factor analysis versus principal component analysis: a comparison of loadings by means of simulations. Commun Stat - Simul Comput 0918: 1-39.

23.  	Fasel I, Kernel PCA Scholkopf, Smola and Muller(2001) Nonlinear Component Analysis as a Kernel Eigenvalue Problem. Analysis 10: 21.

24.  	Kao YH, Van Roy B (2013) Learning a factor model via regularized PCA. Mach Learn 91: 279-303.

25.  	Demsar U, Harris P, Brunsdon C, Fotheringham AS, McLoone S (2013) Principal Component Analysis on Spatial Data: An Overview. Ann Assoc Am Geogr 103: 106-128.

26.  	Williams B, Onsman A, Brown T (1996) Exploratory factor analysis: A five-step guide for novices. J Emerg Prim Heal Care 19: 42-50.

27.  	Martinez AM, Kak AC (2001) PCA versus LDA. IEEE Trans Pattern Anal Mach Intell 23: 228-233.

28.  	Group C, Group C (2007) Introduction to Matlab + Mathematical aspects of bilinear factor models (PCA and PLS). Life Sci pp. 1-113. 


OEBPS/Images/tab1.jpg
Clusters

Score

Poor

2% Poor

2% Best

Best






OEBPS/Images/tab2.jpg
Indicator

e lab has 31 personnel and it is made up of18sections

‘The HIV prevalence rate is above 7.4% (the median pooled prevalence over 5 years

Outpatients served by the facility in the year 2015 was above 127, 717

The number of TB cases in 2014 was above 4539

The team the lab cy for EID and viral load testing due to high work load and
large catchment population of PLWHA.

‘The facility serves a catchment population is above 1,068,307.

‘The laboratory utilizes Lab-Ware LIMS and most compatible analyzers are connected to this system.

‘The lab floor is finished using ceramic tiles and terrazzo (Corian s recommended)

No fire and but five alarm systems available, Functional and sand buckets are available.

Biosafety cabinets available but not adequate.

‘The facility has  functional incinerator:

The laboratory doesn't have LIMs.

Emergency showers & eyewash stations are not available.

There are fire and smoke detectors in main lab sections,

LIMS and Internet are available,

There s piped and treated : but this is of water from the lake. Functional cold-
water storage tank with a capacity of 5000 liters is available

‘The facility refers Histology, Viralload, TBeulture Thy y D4, and
GeneXpert

All rooms that have heat emitting equipment do not have ACs.

iyReferr
population the facility was not selected for renovation.

and catchment

The facility provides referral services for CD4.

Presence of both Isinks (; and n 1 septic tanks in use.

‘The lab has access to an incinerator

There is basic network infrastructure, with a LIMS office next to the itchen and one next to the ward.

There is no incinerator on site. The facility uses 2 burning chamber

n because it will be adequately y e al hospital once operational.
Moreover, the workload is low based on the number of outpatients seen per year.

All the rooms with g equip ACS.TElabis nically ventilated though the AC is overdue for service.

Fire and smoke detectors were absent.






OEBPS/Images/logo.jpg
e ATacic

% BioMEDICAL

ISSN: 2574-1241





OEBPS/Images/logo1.jpg
s e ot
Leonard Kingwara. Biomed ] Sci & Tech Res





OEBPS/Images/tab3.jpg
Health facility cluster

Coast PGH Laboratory.

Mbita DH

Kisumu District Hospital

Isiolo DH Laboratory.

Kakamega PGH Laboratory

Migori County

Kisii County Laboratory

Kericho DH Laboratory

Lodwar County Referral Hospital

Meru Level 5 Laboratory

Bungoma DH

Homabay District Hospital Labo-
ratory

0.18

Siaya County Laboratory. 0.00

Thika Level 5 Laboratory. 0,06

Entebess DH Laboratory (Tranzoia 020
county)

Kapsabet DH Laboratory 038

Nakuru Rift Valley PGH Laboratory 081

Bubisa District Hospital Laboratory 250

Nyeri PGH Laboratory 262

Cluster 4 were the cluster 1 were p





OEBPS/Images/equ1.jpg
pel=oyx + o, x, +ox; + . 10

+. +a, X,

A

pnn amlxl + amixl + am3x3






OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg
E Lk LU LL4
Method for Selection of Laboratories
in Need of Infrastructure Improvement
to Meet HIV Viral Load and Early
Infant Diagnosis Unmet Testing
Needs in Kenya

n nen
101U

{: %, BIOMERICAL

> ISSN: 2574 -1241





