2 | TROPICAL MEDICINE & INTERNATIONAL HEALTH

estimated prevalence of 56.5% in low- and middleMETHODS
income countries (LMICs)4].
Severe anaemia is life-threatening and accounts fdciterature search
many hospital admissions in Sub-Saharan Africa. A large
randomised controlled trial (RCT) investigating fluid bolus We conducted a systematic review, reported in line with the
on mortality in hospitalised African children with severe Preferred Reporting Items for Systematic Reviews and g
infection, found 33% of presented children had HbMeta-Analyses (PRISMA) 2020 guidelin24.[We aimed to
level <5 g/dL and this resulted in increased mortalityidentify all published and unpublished literature using
(FEAST) b, §. Severe anaemia often requires emergenciPOC(Hb)Ts in children in LMICs. We searched six biblio-
blood transfusion to restore Hb levels. However, thisgraphic databases: MEDLINE, EMBASE and Global Health
requires efficient diagnosis and availability of donatedvia OVID, Web of Science, LILACS and Cochrane Central
blood for effective treatment. This poses significant chalRegister of Controlled Trials. Clinical trial registries (WHO
lenges in LMICs, where laboratory analysis is often lengthynternational Clinical Trials Registry Platform and
and stock-outs of blood are frequenf.[Delays in transfu-  ClinicalTrials.goywere searched for unpublished trials. Pro-
sions are commong]. Results from FEAST show that 52% Quest Dissertations and Theses were also searched. Entire
of severely anaemic children died when not transfuseglatforms were searched up to 10 June 2022 and English lan-
within 8 h, with 90% of deaths occurring within 2.5% . guage filters applied. Relevant journals, articles and authors
Therefore, prompt transfusion is critical to save lives. were manually searched to identify missing literature; this
Haematology analysers are the routine diagnostiéncluded searching reference lists of included studies.
method used to diagnose anaemia. However, equipment is Search terms were based on four key concepts: anaemia
expensive, requires electricity, trained personnel, and regulROC(Hb)T, LMIC and clinical setting. LMIC filters were
supply of reagents. This leads to them being often unavaiprovided by Cochrane Collaboration and updated according
able in LMICs, resulting in inaccurate diagnosis by clinicato World Banks Classification 20225, 2. Full details of
assessment and inappropriate use of transfusisi]]. the search strategy are outlined in Table
Point-of-care haemoglobin tests (POC(Hb)T) have been
developed to help address these issues. These tests should be
Affordable, Sensitive, Specific, User-friendly, Rapid an&election criteria
Robust, Equipment-free and Deliverable, according to
World Health Organisation (WHO) ASSURED criterie]. We included all RCTs and observational studies using
They are less invasive and provide immediate reslg}s [ POC(Hb)Ts to diagnose anaemia in children (aged O
POC(Hb)Ts have been shown to be valuable in a rang20 years) attending health facilities, published/registered
of settings 14-22. The TRACT trial found no significant within the last 15 years. Reviews, at-home POC Hb testing,
difference in mortality between immediate and triggeredtesting from non-blood samples, high-income countries, and
transfusion (by new signs of severity or Hb < 4 g/dL) aftemon-English or non-full text publications were excluded, as
28 days (hazard ratio 0.54; 95% CI: 6236;p= 0.19), were studies not performing POC(Hb)Ts immediately at the
reducing transfusion requirements by 60% and saving valwsite of care (laboratory or delayed sample analysis). There
able resource2f]. These results led to development of awere no restrictions based on child presentation or character-
treatment management algorithm to improve clinical prac-istics to ensure generalisability in the paediatric population.
tice [23. However, this approach requires Hb testing every
8 h (first 24 h), and at 48 h.
Although several POC(Hb)Ts have been developed anBata extraction
evaluated in recent years, it is unclear to what extent
POC(Hb)Ts have been employed to diagnose anaemia iResults were exported to Endad®®0 and Rayyan systematic
underserved populations. Understanding where and whateview management software. Duplicates were removed and
POC(Hb)Ts are currently used by health facilities and thdurther checked manually. The primary reviewer (RB) double-
barriers to their use, will help guide work to improve their screened titles and abstracts for relevance using pre-specifie
availability and allow safe implementation. inclusion/exclusion criteria. Rentially eligible studies were
The aim of this study was to conduct a systematicfurther screened by full-text assessment. Any uncertainties on
review to explore and summarise available evidence ostudy eligibility were discussed and resolved by consensus with ¢
POC(Hb)T use in children in LMICs. Using data from co-authors (ECG, AS).
published literature and trial registries, we address the fol- We extracted: study characteristics, location, setting,
lowing questions: what, lvere and how are POC(Hb)Ts POC(Hb)T(s) used, sample, prevalence of mild/moderate/
being used by health facilisén LMICs to diagnose child- severe/overall anaemia or mean Hb concentration, diagnostic
hood anaemia, and are there challenges to their use? To thecuracy and challenges to test use reported by study authors.
best of our knowledge, our systematic review was the firgll data were collected using three piloted data extraction
to address these questions and therefore provides invaltwols (study characteristics, challenges and diagnostic accu-
able evidence for policymakers. racy) created in Microsoft Word (Tabl&2and S3 Table3).
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Identification

Screenina

Included

FIGURE 1 PRISMA 2020 flow diagram of study selection. Four additional reports were identified for TRACZ) (@and FEASTr( = 2) trials to give

Identification of studies

via databases and registers

Identification of studies

Records identified from:
Databases (n = 742)

Medline n = 104, Embase

n =417, Global Health n = 84,

WoS n =34, CENTRAL n = 101,

ProQuestn =2, LILACSn=0
Registers (n = 24)

ICTRPn=8

Clinical Trials‘.gov n=16

A4

v

Records screened (title,
abstract and publication date)

Records removed before
screening:
Duplicate records removed
(n=179)

A\

(n =587)
'

Records excluded (n =
439)

Records identified from:
Citation searching (n = 24)
Reviewing related articles
(n=15)

A4

Reports sought for retrieval
(full-text review)

A4

Reports not retrieved
(n=1)

Reports sought for retrieval

via other methods

(n=148)
I

(n=39)
I

Reports assessed for eligibility
(n=147)

v

Studies included in review
(n=41)

Reports excluded (n =115):
Not POC Hb test (or not
performed at site of care)
(n =49)

Wrong setting (16)

Not LMIC (n = 9)
Abstract only (n =14)
Adults =21 years (n = 27)

Reports assessed for eligibility
(n=39)

Y

Reports not retrieved
(n=0)

Reports of included studies
(n = 45)

Y

Reports excluded (n = 26):
Wrong setting (n = 6)
Adults =21 years (n =5)
Not LMIC (n =7)

Not POC Hb test (n = 7)
French (n=1)

a total 45 reports and 41 included studies. Common reasons for exclusion due to wrong setting included at-home testing. Common reasons fareexclusiol

to not point-of-care haemoglobin test included use of laboratory analysers or other point-of-care tests for malaria and sickle cell diseate. CENTRA
Cochrane Central Register of Controlled Trials; Hb, haemoglobin; ICTRP, International Clinical Trials Registry Platform; LILACS, Latinaderican
Caribbean Health Sciences Literature; LMIC, low- and middle-income coontrymber; POC, point-of-care; ProQuest, ProQuest Dissertations and Theses;

WoS, Web of Science.

Quality assessment

The primary reviewer (RB) assessed risk of bias (RoB) arfdr individual POC(Hb)Ts.

and Hb <7 g/dL for diagnosis of severe anaemia. Meta-
analysis was not conducted due to insufficient data available

applicability concerns using an adapted QUADAS-2 tool

(Table S9 [27]. Due to limited evidence on HemoCue

(HemoCue AB, Angelholm, Sweden) device accuracy in thRESULTS
population and setting, studies using HemoCue as reference

standard were judged high RoB for domain thrémclear
judgement was only made when insufficient evidence was

reported.

Data analysis

Extracted data were synthesised from all included studiefsill-text assessment. Thirty-nine additional records were
and summarised in groups to answer the review questioridentified from reviewing related articles and citation lists.
study characteristics, POC(Hb)Ts, location/setting and chaln total, 45 records from 41 studies met inclusion criteria
lenges. Median and interquartile-range (IQR) were calcuand were included in our reviev@[5, 6, 13, 15, 19, 22,28

Study characteristics

Seven hundred forty-two records were identified from bib-
liographic databases and 24 from trial registries (Figlre

One hundred seventy-nine duplicates were removed and
587 records were title and abstract screened. Four hundred
thirty-nine records were excluded, leaving 148 records for

lated for test sensitivity and specificity using Microsoft65. Figurel shows reasons for exclusions.
Excel. Due to differences in cut-offs used to define anaemia Of 41 included studies, 28 (68%) were observational

and severe anaemia across included studies and age groufEspss-sectionah = 10, casecontrol n = 3, cohortn= 1,
we summarised data according to how it was reported irdiagnosticn = 14). Twelve studies were RCTs (29%) and
papers (severe or overall anaemia) rather than using WH®@ne study did not report study desigdd. POC(Hb)Ts
definitions. For diagnostic studies, test sensitivity and speciwvere implemented in 25 studies (61%) and assessed i
ficity were summarised by including cut-offs of Hb <5 g/dL 16 (39%). Of studies that assessed POC(Hb)Ts, 14 were

>

35UBD 17 SUOWIWOD dAIEaID a|dedl(dde ayy Ag peusenoh ale sspie O ‘8sn Jo sani Joy Areiq

178U1|UO /8|1 UO (SUONIPUOD-PUR-SLLIBY WO A8 | 1M A1 1[UIIUO//:STNY) SUOTIPUOD PUB SWLB | 8L} 885 ‘[vzdgr_[mso] uo Ariqi78uliuo (1M ‘so1AeS Ariqi TON uopuoabeoD AisieAIuN Ad ZGEET  IWYTTTT OT/I0PAU0D A8 | Ake.q|1|BulUO//:SANY Wiy papeojumod ‘0 ‘9STESIET



13653156, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/tmi.13957 by University College London UCL Library Services, Wiley Online Library on [05/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

I
=
m 0 0 T Et(2) T 9'G2-T
- 09 ‘2]
- (1p/6 6 < qH) pa1 01 (1p/B 6~ H)
m paJjabuelo ‘(1p/b 2§ qH) abueio
< /mojidA '(Tp/6 gg gH) uasaib/aniq
o ‘(Ip/6 € > gH) an|q :uoneUaIU0
E agm gH 01 Buipioooe abueyd INojod
3 Are|ides QT e saonpoud reyr N L-§'SE'E pue
g 0 0 b4 09 ‘2¥(%s) 2 umou 10N T'66¢ pue saqgn)uadmagyad uaboipAy ‘gH usamiag uonoeay Aesse paseq-inojod |9AON
m wu 088
g %06 S919ANJ0IOIW  PUe WU 0/G Je painseaw aoueqiosqe  (Uspams ‘wjoyebuy ‘ay
2 lgol T kel t 0 §9'sd(%s) ¢ *D0e8T 9'Gz-0 Bujurejuod-jushieayonoeal uigojfowseylowapize PSYIPON  SNDJOWSH) TOZ dNDOWIH
2 €0 X (awnjon
e 1192 paxoed %) 1OH =(1p/6) qH
= ‘e|nwuo} ay) Buisn parejnajes usyl qH
"10H
%06 (48INGHD  @1BWIISS 0] UOIBAUSIUOI 31A|01103]9 (1 Yred
0 0 ¢ leel(w9)e *D0E9T G'Gz-1°G pue gD3) sabpliie) 10} S1081100 pue ANARINPUOD SBINses noqqy ‘nogay) Lv.1s-|
(euyo
%08 sduis1se1  Answoloyd aourioajial Ag painsesw ‘IxBueno ‘soluonos|3
sl frsl T fszelz 4s ‘15 '2d (%) € 'D0eST vZ—¥ Bulurejuoo-jusheayonoeal uigojfowseyiswapize payIpoN [e2IPBN LIYN) 2T-LI¥N
(vsn ‘obaig
%06 anadidosoiw ‘sdins  Answoloyd aoueioayal Ag painseaw ues ‘'ou| ‘sallojeloqe]
0 0 ¢ #ls'es ‘zd (L) € DOVt 9°'Gz-5"#591 Buiureluoo-jusbeayonoeal uigojbowseyiawapize payipoN NOQV) gH UoISSI
sfeAlaiul p/6 2 1e s|ans|
(yT pue g1 qH Bunuasaidai pal Jo sapeys XIS Jo
€9 ‘e9 ‘0T ‘8 ‘9w aJeas e 0] pasedwod 1nojod pue laded (Auewia
§9 '6clc EolT GslT 'SG'68(%0T) ¥  umouy JON Je 8[eds) v~ sduis isal Jaded Ja)fydeiBorewolyd uo Poojd JO BIURGIOSAWIBUIBISISO “MOVdOD) SOH
wu 088
ks ‘zv %06 S9N19ANJ0.OIW  PUe WU 0/G Je painseaw aoueqiosgqe  (uspams ‘wjoyjebuy ‘gy
belt &v'eele dszv'stle  ‘e¢€ ‘s1(%0T) ¥ 2D0€EST 9'62—0 Buiureluoo -Jusbeayonoeal uigojBowseyiswapize paypoN  SNJOWSH) F0Z SNDOWSH
[£9%9 ‘85 ‘S5 Wwiu 088 pue wu 905
ds'sg'ge ‘6% '8 ‘o€ ‘8¢ %06 S8119AN0IOIW Te painseaw aoueniwsuen ‘uiod  (uspams ‘wioyebuy ‘gy
fo'evlzdo‘zo‘ocle ‘9e'sz'ze'als ‘2z '$(%L2) TT DOret 9'520 dau-jusbeay  oNSaQsOS! ZOGH/GH Ye 8dueqIosqy  SNDOWSH) TOE dNDOWSH
9 ‘65
‘8v ‘ev TV ‘o (uspams ‘wijoyjebuy
#9 '8y ‘I ‘L€ 'vE ‘€€ ‘0€ ‘gv anQowaH) psuodal
vd ‘66 ‘ev ‘o€ ‘62l G brlt ‘2e've‘ce'elL  ‘'62'8(%62) ¢t 10U [9POW 10BXTF-8NDOWSH
aAISeAU|
0T 0 8¢ oV (usaipns [e101
(u) sanjioey (1) anuad () endsoH  (#) saipnis [e101 (Aupiwiny  (p/6) abuel sa|qewnsuo) poyiaw ajdiduLd 1s91 qH DOd
aiseg/oluD yiresH ‘aimeladwal) uonoalep qH
— suompuod
Bumas Apnis pauoday Bunelado
~ "pasn s1sal qH DOd 10 Arewwns pue uonduosed T 379V L



13653156, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/tmi.13957 by University College London UCL Library Services, Wiley Online Library on [05/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

'0400PaaUSaIPENS [enba 10U SS0P SUWIN|OD Ul JI8guiNU €10} 0S pue 1S8) SUO UBY) 310W Pasn SaIpnis sulu pue sBumas [e1aAsS SS0I0e PaloNPUOd d19M SaIpNIs XIS,

"amjoIolW “BdLBWY JO SOTEIS palun ‘vSN ‘wopbury

palun ‘YN 818wWwoued ‘wu ‘SaIpnis Jo Jaquinu ‘tuoelusaEEy|urjofEndiod uesw ‘DHDIA ‘Ssioul|l ‘7] oolewsaey ‘| DH ‘uiqojbowaeyAxo ‘2OqH ‘uiqojbowsaey ‘qH ‘aami0ap 1ad sweib ‘p/b ‘snis|ao sealibap ‘O isuoneinalqay
*(SeIpnis Jo Jaquinu) pasn 1sow JO JapJo ul pajuasald S1sa] Bl10N

uonenba
uonelqies yibusjaem-ninw e buisn
pare|nojed uayl qH ‘uondiosqge 1ybi|
ul sabueyo s10919p Josuas pue paq  (YSN ‘Bulnl| ‘uoneiodio)

%56 Are|idea ybnouy pajreubis (wu QOET OWISEN) SI0SUSS Ui
0 0 T E1(%2) T 965 :007S .18 SUON 00S) SWBI| paseyul pue S|GISIA  -1DQ YNm ISP OlU0Id
uonenba
uonelqies yibusjprem-ninw e Buisn (Vsn ‘auin)
pare|nojed uayl qH "uondiosqge 1ybi| ‘uoiresodiod owise)
ul sabueyd s1o81ep JoSUsS pue paq 10SUBS-IUIW-¢ 1D
%56 Arejded ybnouy psjjeubis (wu Qo T oquiel pue Jalewixo
0 0 T Bd (%2) T 90T 0560 .18 SUON 00S) SIBI| paresjul pue d|qISIA -0 9sInd wi9-pey
0 0 2z 2z NISBAUI-UON
wu 088
%06> S8119ANJ0IOIW  pUR WU Q/G Je painseaw adueqlosge  (MN ‘Yipie)d ‘sonsoubeiq
T T T bd (w2) T 2DOrST 9'6z-0 Bulureyuoo-jusheayonoeal uigojfowseyawapize payipoN 4%3) |0JUODOWSH
Jaded wu 059
Aydesborewolyo pue ZEG e painseaw adueqiosge
0 0 T TE(@2) T umou 10N umouy JoN Bulureluod-jusbeagnoeal uigojbowseylawapize payIipon 2adsowaH
1DOH X OHOIN

Buisn pae|nojed gH ‘|and)

E 1DOH 8rewnss 0] wu 076 pue 099

2 T 0 0 b¥(9%62) T %06 ‘OGS o1y SBaNBANJ0IINGTS e Answoioyd pue uonebnyuad (N ‘uopuoT ‘enuz) smdy
£ wu 088 (uspams ‘wjoyabuy

z S81I9ANJ0JDIW puUe WU /G 1e painseaw adueqlosqe ‘gv anDoWwaH)

m 0 0 T bd (%2) T D0EST 9'GZz—0 Bulureluoo-juabeayonoeal uiqojbowaeyiswapize payipoN  uigojbowaey-g andowaH
-

< (0ov)

o %S,

g (082) WU 088 pUe WU 90 Je painsesul

< %06 S8)19AN20.2IW soueniwsuen Juiod o1sagsos!  (Uspams ‘wioyjebuy ‘gy

M D00t 99l}-lusbeag OgH/IH e Poo|q 8]0YM JO 82URgIOSqY SNDOWSH) TO8 dNDOWSH
@)

m (u) samioey (1) anuad (u) reudsoH  (#) saipnis [e10L (Aupiwny  (7p/B) abuels Sa|gewnsuo) poyiaw a|diduLd 1581 gH D0Od
= aiseg/oIulD yyeaH ‘ainyesadwal) uondalLp gH

2 SuomIpUOd

m Bumas Apnis panoday Buiresado

£ (ponunuod) T 319V1



6 TROPICAL MEDICINE & INTERNATIONAL HEALTH

FIGURE 2 Map showing where POC Hb tests have been used by health facilities in children in LMICs. Size of pie chart represents total number of te$ts

and studies. Uganda (HemoCne& 7, I-STATn = 2, HCSn = 1), Tanzania (HemoCue= 6, HCSn = 2, Novel colour-based assay 1), Nigeria
(HemoCuen = 2, Mission Hbn = 2, HCSn = 1), Ethiopia (HemoCua = 4), Kenya (HemoCue = 3, Hemo Controh = 1), Gambia (HemoCue = 2,
Aptusn = 1), Cameroon (URIT-12 = 2, Mission Hbn = 1), Malawi (HemoCua = 2, Hemo Spen = 1), Democratic Republic of Congo (HemoCue
n = 2), Ghana (HemoCue = 1, URIT-12n = 1), Rwanda (HemoCue= 1, Pronton = 1), India (HemoCue = 1, Rad-6"% = 1), Mali (HemoCue

n = 1), Angola (Novel colour-based assay 1), South Africa (HemoCue = 1) and Brazil (HemoCugm = 1).

diagnostic, one was retrospective, assessing user experieraa@ibrated and used either changeable or rechargeable batte

of POC(Hb)T, and one assessed use as part of an electromies, providing results within 2 min.

algorithm [13, 15, 19, 29, 31, 32, 42, 47, 49, 50, 54, 55, 58, HemoCue devices were the most used test (31,

60, 62, 6B Sample size ranged from 67 to 3983 children76%) and of papers reporting the specific model used

undergoing POC Hb testing. Age ranged from 0 to 20 yearsvas HemoCue301 n(= 11, 27%). Six studies used

Only six studies included older children (>15 years) (15%¢olour-based tests (Haemoglobin Colour Scale [HCS]

[32, 35, 50, 51, 54, b®@ne study did not report specific age [COPACK, Germany]n = 4, novel-assaynh = 2) [29,

of included children 47]. Four studies also included adults 47, 55, 60, 63, §5Nine studies used multiple test$q,

[32, 35, 50, 91 Overall anaemia prevalence ranged from29, 32, 37, 49, 55, 58, 63,].60f studies using invasive

11.9% to 100%n(= 16). Prevalence of mild, moderate andtests = 41), most used capillary sampling £ 19).

severe anaemia ranged from 2.7% to 522% 9), 2.5%  Eight studies used venousampling and five studies

60.2% i = 10) and 0.8%b2.1% = 14). Mean Hb con- used both capillary and venous samples. Nine studies

centration measured by POC(Hb)Ts ranged from 3.6 tadid not report the sample type use8,[22, 30, 34, 36,

12.8 g/dL (= 24). Study characteristics are shown in42, 48, 53, G5 All invasive tests, excluding I-STAT

TableS2 (Abbott Park, Illinois) required a sample volume of
15uL or less (Tabl&sH.

POC(Hb)Ts
Location and setting

In total, 15 different POC(Hb)Ts were used (Taldle

13 (87%) were invasive and required whole blood samplebost studies were conducted in Sub-Saharan Africa

of which 11 were electronic devices. Two were non-invasivgh = 39, 95%), across 14 African countries (Fig@ye

electronic devices (13%). All devices were portabléfwo trials included more than one countr$,[23. One
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TROPICAL MEDICINE & INTERNATIONAL HEALTH 7 Lg
study was conducted in Asia (India) and one in SouthTABLE 2 (Continued) §
America (Brazil) $8, 59. Number of g
Twenty-eight studies were conducted in hospitals (68%)challenges POC Hb test(s) studies ) g
and nine in health centres (22984, 36, 39, 40, 42, 51, 56, 2
62, 63. Eight studies were conducted in health clinics (20%) Lack of supply of FSTAT [19 2 g
» 09 EIg . consumables (disposable HemoCue 20t [15 H
[29, 30, 39, 43, 49, 57, 61).6Awo studies were conducted microcuvettes and g
in basic health facilities (59639, 63. Six studies were mul- cartridges) Z
tifacility, conducted in hospitals, health centres and/or maintenance or regular QC  Mission Hb 54 2 “:
clinics 36, 39, 42, 51, 56, b©One study included a dispen- checks to operate HemoCue 80113 g
sary b6]. Seven studies included rural health faciliti8s [ correctly £
30, 43, 48, 49, 62,B3 Device failure at high I-STAT [19 1 §
temperature 3

Reagent instability Novel colour-based assayl. %:’

(64 H

TABLE 2 Summary of key challenges reported. Insufficient capillary blood ~ HemoCue 80113 1 <
due to multiple POC H

Number of tests using same finger 5

Challenges POC Hb test(s) studies @) prick (e.g., malaria rapid g

. . . c

Overestimation of Hb Aptus [49 5 diagnostic testing) g
concentration HemoCue 30149, 53 Note Challenges reported for included studies in order of most frequently reported ‘g’
HemoCue 20+%[15 (by study authors). 4

Prontd*[15 Abbreviations: g/dL, grams per decilitre; Hb, haemoglobin; POC, point-of-care; QC, K

URIT-12[32 quality control. s

Mission HE [32] ®HemoCue 20¢ (wicking) and Pronto overestimated Hb concentration for anaemic e

HCS p9 children only. H

Rad-67 59 PAuthors reported overestimation of Hb/clinically unacceptable accuracy based on §

pooled children and adult data. 2

Differences in sampling HemoCue 80113 5 e
technique (e.g., milking HemoCue B-haemoglobin g

of finger, pressure, air [50 §
bubbles, excess blood on HemoCue 20t [15 Use of POC(Hb)Ts varied across included studies: to g
back of microcuvettes,  HemoCue 30198 assess diagnostic accuracy=(14, 34%), assess anaemia 3
insufficient sample -STAT[19 prevalence or associated factors/infections (13, 32%), :
volume) or bl Is duri . ion foll 0 g
environmental factors assess H evels during intervention fo oyv-upc(G, 15 /9), 5
can affect results assist triage of sick children € 3, 7%), guide and monitor 2
Clinically unacceptable Aptus [49 5 transfusion in children with severe anaemia=(3, 7%), 2
accuracy HemoCue 30149 assess trial eligibilityn(= 1, 2%) and assess effect of anae- @
HCS 29 mia on school performanca € 1, 2%). =

HemoSpec3]] g

Pronto [15 B

Mission HE [3 )

_ NG Challenges g

Cost of equipment/ HemoCue 20t [15 4 g
disposable consumables, HemoCue 80113 . . g
maintenance, or training HemoCue 30155 Thirteen studies (32%) reported challenges to POC(Hb)T g
Rad-67 1.3, 5% use [L3, 15, 19, 29, 31, 32, 47, 49, 50, 54, 55, h8D66res- g

Pronto [13 timation of Hb concentrationr{= 5) and errors in sam- g

Difficulty in obtaining Rad-67 5 3 pling and environmental factorsnE 5) were the most ;
measurement/capillary ~ HemoCue 80113 frequently reported challenges. Other challenges included ¢
sample in agitated Aptus 49 cost of device, consumables and training, difficulty in 2
children—can take - . L g
longer to take obtaining measurement, inter-observer variability, supply 2
measurement and stability of consumables, maintenance and device failure z

]

Underfilling or overfilling of  Aptus 49 2 (Tabng). ) ) ;
cuvettes/ difficulty HemoCue 80113 Diagnostic accuracy data were available for 10 POC(Hb) o
handling Ts in 11 of 14 diagnostic studies (Tal8e [15, 19, 29, 3
Variability and subjectivity ~ Novel colour-based assay 2 31, 47, 49, 54, 55, 58, 60,].6Bccuracy data were not :
of result interpretation. [47 extracted in three studies due to pooled data with adults and %
D'flf'cu't_ttfr’] ﬁ,s“r’]“ate Hb  HCSP9 children @ =2) and use of a non Hb-measuring tool &
‘F;?e‘é?s‘i'g'n tolgloro 2/ (n= 1) [32, 50, 6P Five studies reported accuracy results 3

dL ’ ' were clinically unacceptable (Talde[15, 29, 31, 32, 49 %

Test performance varied across studies. Sensitivity to detectz

Q
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anaemia and severe anaemia ranged from 24.4% to 92.2%#
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dL

dL
91% within 2 g/

Percentage of
65% within 1 g/

Bias (95% ClI) with 95% samples within

LOA (g/dL)

Not reported

xg/dL

95% LOA—-0.3,5.2
95% LOA—2.4,2.0

249+01

(p<0.001)

Correlation
coefficients

59 months: 70%, Age 48

59 months: 84%

Specificity (95% CI)
Anaemia (<11 g/dL): Age-6 r = 0.43 (<0.0001)-0.2 (0.5, 0.0)

Anaemia (undefined): 96.7%p. = 0.30

SA (Hb < 7 g/dL): 100%
High. ? = Unknown. Wicking: Standardised method used to draw capillary blood directly from skin into the

Anaemia (undefined): 24.4%
59 months: 66%, Age 48
59 months: 72%

SA (Hb < 7 g/dL): 10%
Anaemia (<11 g/dL): Age-6

B:©

3.A© BO
4.0 ©

and applicability (B) Sensitivity (95% CI)

3.0 B:©
4.A0

Note Test performance data from all included diagnostic accuracy studies. Tests presented in order of most used (sarfle RsKablBias and Applicability £. Domain 1: Patient Selection.2.Domain 2: Index Test. 3: Domain 3:

Reference Standard.=.Domain 4: Flow and Timing. & Risk of Bias. B Applicability Concern@© = Low.®

1.A:® B:@
1.A© B:O©

haematology analyses . >

(venous)
haematology analyse A. 5> 5. ©

Reference/Comparator Risk of bias (A)
(venous)

test (sample)

Ramaswamy et al. (2021pysmex XS 1000i
[59

Parker et al. (2018)LF] Sysmex KN21

POC Hb test (sample)/

study
Rad-67
Pronto

Abbreviations: CCC, concordance correlation coefficient; Cl, confidence interval; g/dL, grams per decilitre; HCS, Haemoglobin ColouriSttatéasSCorrelation coefficient; LOA, limits of agreement; POC Hb test, point-of-care

microcuvette. Gravity: Non-standardised method where capillary blood is first transferred onto a surface before drawn into the microceNetiten Gata rounded to 2 decimal places.
haemoglobin test, Pearsols correlation coefficient; SA, severe anaepgid;in’s concordance correlation coefficient.

TABLE 3 (Continued)

(median 74%, IQR: 32.8,= 4) and 10%92.2% (median
83.7%, IQR: 54.4n=7), respectively. This variability
decreased (649%92.2% h= 2] and 84.2%91% h = 3)])
when limited to invasive device$q, 19, 54, 38 Specificity

to detect anaemia and severe anaemia ranged from 70%
96.7% (median 84.7%, IQR: 6rlF 4) and 74.5%100%
(median 93.2%, IQR: 1615~ 7), respectively.

Mean difference/bias between POC(Hb)Ts and reference
ranged from—0.34 to 2.49 g/dLn(= 8), with lower and
upper limits of agreement (LOA) ranging from0.17 to
—3.4¢g/dL and 1.3 to 5.2 g/dL, respectivety=(7). Five
studies reported percentage of Hb values within 1 g/dL of
reference standardp, 29, 47, 49, $3

Quality assessment

We detected high RoB for at least one domain in 9 of
11 diagnostic studies (Tab® [15, 19, 29, 31, 49, 55, 58,
60, 63. No studies showed concerns for applicability.
Incomplete reporting resulted in unclear judgement for one
or more domains in nine studied%, 19, 31, 47, 49, 54, 55,
58, 6Q. Flow and Timing domain showed the greatest pro-
portion of high RoB due to some enrolled patients missing
from final analysesip, 19, 29, 31, 55, 60,]68ive studies
were judged high RoB for domain three due to HemoCue as
comparator/reference methodq, 31, 49, 55, §3Details of
the RoB assessment and rationale are presented in Bgure
and TableS6

DISCUSSION

We systematically reviewed the literature to explore
POC(Hb)T use in children in LMICs. Using data from pub-
lished literature and trial registries, we found evidence on
the use of 15 different POC(Hb)Ts by health facilities across
16 LMICs in the last 15 years to diagnose childhood anae-
mia; from 41 studies. Thirty-nine studies (95%) were con-
ducted in Africa, indicating little evidence is available
outside this region. We found that, to date, HemoCue is the
most widely utilised test in this population and setting. Our
results represent a relatively small proportion of commer-
cially available and assessed POC(Hb)Ts, suggesting limited
evidence is available in childreh7], 66-70. Imperfect diag-
nostic accuracy, sampling errors, environmental factors and
costs were key challenges reported for POC(Hb)T use.

Five POC(Hb)Ts (33%) could not detect Hb levels below
4.5 g/dL. This is important because many children with
severe anaemia in LMICs have Hb < 4 g/8. 7] and, for
uncomplicated severe anaemia, WHO guidelines recommend
blood transfusions only for children with Hb < 4 g/dL. Three
studies in our review reported mean Hb concentration by
POC(Hb)T < 4 g/dL and five additional studies reported Hb
values below this leved,[5, 33, 37, 44, 47, 50] 5bhe WHO
guidelines for the management of children with severe anae-
mia and the transfusion algorithm developed based on results £
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from TRACT use a cut-off of Hb <4 g/dL to determine anaemia defined by WHO for the assessment of sensitivity
which children require transfusion in the absence of otheland specificity (Hb <5 g/dL), limiting evidence synthesis
severity signs23, 72. Therefore, Mission Hb (ACON Labo- and contributing to disparity 19, 29, 5p Lastly, two
ratories, USA), I-STAT, Aptus (Entia, UK), Rad-67 (Masimo,included studies used different sources of sample for the ref-
USA) and Pronto (Masimo, USA) are not currently suitableerence method and POC(Hb)T, and five included diagnostic
for identifying severe anaemia in this population. It is worthstudies used venous samples for POC(HK)®, [19, 47,
noting however, that I-STAT, Rad-67 and Pronto measuret9, 54, 58, §0 This could explain variation due to known
additional parameters besides Hb and haematocrit, increasirdifferences in capillary and venous blo&d][
their utility. URIT-12 (URIT, China) and HCS have a Hb These real-life factors pose a challenge to POC(Hb)T
cut-off of 4 g/dL and so accuracy detection at this level mustise. There is a need for standardised training protocols to
be further investigated. reduce errors in sampling technique and interpretation of
We identified several challenges to POC(Hb)T use thatolour-based tests. Competency of staff and therefore per-
need addressing before wider implementation. No POC(Hbjormance should increase as these tests become routine
T showed excellent diagnostic accuracy across all measupgactice. Our findings also suggest five POC(Hb)Ts used
ments and therefore may not meet all ASSURED critéfla [ may not be suitable for use in some LMICs due to possible
Five studies reported overestimation of Hb concentration irdevice failure at high temperature (38) (Tablel) [15,
eight POC(Hb)Ts (Tabl@) [15, 29, 32, 49, k8This is vital 19, 32, 35, 39, 42, 582, 571.
since it could result in misclassification of severity of anaemia Moreover, we identified analyser costs and lack of supply
and therefore prevent truly eligible children from receiving aof consumables as challenges to POC(Hb)T use. Although
lifesaving transfusion or appropriate treatment. In contrastupfront costs are relatively high, particularly for non-
underestimation of Hb levels by POC(Hb)Ts has beerinvasive and HemoCue devices, it is the recurrent, per test
reported in children, causing unnecessary use of scaro®sts that pose an obstacle to sustained use in LMICs and £
resources and exposure of children to transfusion-relatedould explain the lack of supply of microcuvettes and car-
risks [73, 74. A previous review of HemoCue found underes-tridges B5. Total cost of POC tests must be weighed against
timation of Hb most frequently reported, with few studies their benefits such as earlier diagnosis, reduced morbidity
reporting overestimation of Hb concentratio@y. These and mortality, improved patient satisfaction and decrease of
conflicting findings could be explained by variations in childunnecessary referrals, and additional testiggl.[ Use
Hb level L5, 76-78. of POC(Hb)Ts with electronic decision support algorithms
Similarly, wide LOA means estimated Hb values coulccould enhance their cost-effectiveness in triage of sick chil-
span all categories of anaemia. Our results show seven diadren. However, only one included study adopted this
nostic studies and eight POC(Hb)Ts exceeded the clinicallgpproach and therefore this requires further reseadéh [
acceptable accuracy of upper and lower LOA within 1 g/dLThe novel colour-based assay offers a significant cost advan- 2
(Table 3) [15, 19, 29, 47, 49, 54, ]58This suggests tage at 0.26 USD per test, however further evidence on its 2
within-subject variation is too large to provide a clinically use is required. Other affordable technologies, such as #
meaningful diagnosis. These results are in line with a previousmartphone-based colorimetry are at early stages of develop-
systematic review including adults and children in mixed setment for identifying severe anaemia in LMIGS][
tings [79. However, a different review has shown clinically  Key strengths of our review were wide inclusion criteria
acceptable LOA8J. Clinicians should be aware of these and adherence to systematic review methods. This allowed a
LOA when basing clinical decisions solely on these Hb estcomprehensive synthesis of POC(Hb)T use in this population
mations. We found substantial variation in test sensitivity toand setting. Ongoing trials were included and therefore
detect anaemia and severe anaemia, with lowest valuesduced publication bias. Furthermore, we assessed RoB and
reported for HCS and Rad-629, 58. This is contrary to a applicability of included diagntis studies to evaluate the reli-
previous review that identified lowest sensitivity to detecability and validity of findigs on POC(Hb)T performance.
anaemia for HemoCue301 (22.6%) and highest sensitivity for Our review has limitations. A single reviewer
HCS (99.3%) out of 6 POC(Hb)T81. Our median values (RB) screened results, adapted QUADAS-2 tool and judged
for test sensitivity and specificity to detect anaemia werstudy inclusion eligibility and RoB and applicability concerns.
moderate, suggesting some children would receive a false négpwever, records were saned twice to minimise risk of
ative result. missing relevant articles and uncertainties were resolved by
Variation in test performance across studies in ourconsensus with co-authors (ECG, AS). We searched a ;
review and with previous literature has several possibleestricted number of databases and trial registries; however,
explanations. First, nine studies in our review were judgethey were the largest and most renowned databases, specific tc}
high RoB for at least one domaith, 19, 29, 31, 49, 55, 58, the subject area. Other methodological limitations include
60, 63. Differences in anaemia prevalence, geographical faexclusion of reviews, non-full-text or non-English articles and
tors (temperature, altitude and humidity), reference teststudies published over 15 years ago. Only 13 studies (32%)
transportation and storage of consumables, sampling techreported challenges to POC(Hb)T use and therefore our review
nigue and training could also explain discrepandp,[ may be subject to reporting bias if not all challenges were
82, 83. Three studies did not use thresholds for severgeported. We only assessed data from published literature and
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trial registries. Clinical trials/studies may not represent the totaHemoCue801 and HemoControl. We therefore recommend
use of POC(Hb)Ts and may be atypical due to trial fundingHemoCue301 as the best available POC(Hb)T to diagnose
and supply of tests and consumables. childhood anaemia in LMICs, based on available evidence.
Another limitation of our work is our focus solely on However, imperfect diagnostic accuracy is a drawback and
tests used in children. Our decision to focus on tests availmust be weighed against benefits in costs, safety, conve-
able for children was driven by the requirement to be able tmience and improved clinical outcome. Further research is
detect lower haemoglobin levels in children than is neededssential to confirm these benefits and diagnostic accuracy
for adults, given the different thresholds for defining severén these settings. Routine use of POC(Hb)Ts may signifi-
anaemia in these groups8q, 89. However, by excluding cantly reduce child mortality in LMICs, where laboratory
studies that looked at POC(Hb)Ts used only in adults, weanalysers are often unavailable and anaemia prevalence
may have missed some relevant studies that may be relevasthigh.
for children as well. Different studies used different defini-
tions of anaemia and severe anaemia, and we report the d&&«CKNOWLEDGEMENTS
initions used, as we were unable to convert this toThe authors would like to thank UCL for covering the arti-
standardised definitions. There is debate at the momentle publishing charge through the UK Jisc agreement.
about what thresholds should be us@&8,[89, and WHO
guidelines for malaria differ in the thresholds used to thos&=UNDING INFORMATION
in guidelines for care of children in hospital, 9Q. Funding for Elizabeth C. George and Annabelle South was
provided by the Medical Research Council as core support
to the MRC CTU at UCL (MC_UU_00004/05).
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