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ABSTRACT

Introduction: The advent of RhD immunoglobulin prophylaxis to prevent maté&thdb
alloimmunisation has reduced the incidence of this condition and its associated poor sutcome
Consequently;=nod Rh antibodies now account for a greater proportion of alloimmunised
pregnancies. These antibodies have been the subject of comparatively ligtelreshis study
investigated the'incidence and clinical outcome of pregnancies affected-yRion
alloimmunisation at an Australian tertiary maternity servidaterial and Methods:_This was a
retrospective’study of all pregnancies with idRh antibodiegnamelyanti-C, £, -c, -e,-C",

as well as the compound antibodagi-CD, -cE and ee) managed at the Royal Women’s
Hospital, Victoria, Australia, from 2009 to 2013 inclusive. Information collected included
maternal demegraphics, details of the antibodies, course of the pregnancygrzatdine
outcomesResults: During the study period, 115 n@hRh alloimmunised pregnancies were
identified inek02'-mothers. Forty-nine pregieges reached the critical tité¥16) from nonb Rh
alone and-llsfetuses received intrauterine red blood cell transfusion. Labour wad orduce
cesarean‘section performed38 cases. Fortihree neonates were admitted to the special care
nursery and 59 received phototherapy. Nine recdigadment for anemia and ten neonates
received intravenous immunoglobul@onclusions:_Non-D Rh alloimmunisation is aelatively
uncommon complication of pregnancy, occurring in only 0.33% oframegies in the study
period. It can lead to significant fetal/neonatal morbidity (and may lead to mortahg/)most
severe outcomes (including perinatal deaths) were mostly associated vatmibeund
antibodies anti-CD and anti-cE, or a non-D Rh antibody in conjunction with anti-D.
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Abbreviations:

HDFN — hemolytc disease of the fetus or newborn
IUT - intrauterine red blood cell transfusion

FDIU — Eetal death in utero

Key Message

Non-D Rh alloimmunisation is a relatively uncommon complication of pregn&aoayever non-
D Rh antibodies.cause mild to moderate hemolytic disease of the fetus or newborn

with rare exeeptiondNon-D Rh alloimmunisation therefore must be identified and, if present,

acted upon by-all involved in maternity care provision.

INTRODUEIION

Red blood cell alloimmunisation remains an intpot cause of adverse perinatal outcome, with
antibodiesito antigens in tikh system occurring most commonly. However, the advent of RhD
immunoglobulin prophylaxis to prevent maternal Réghsitisatiorhas reduced the incidence of
this specific form of dbimmunisation and its associated poor outcomes (including neonatal
anemiahyperbilirubinemiaand perinatal death}.he routine use dRhD immunoglobulin post-
partum reduees:the risk BhD alloimmunisatiorfrom 16% to 2%, and routine antenatal
prophylaxs further reduces the rate0.3%.(1, 2)

In low-income countries without an anti-D prophylaxis program, stillbirthatiturs in 14% of
affectedspregnancies, and 50% of the surviving infants either die in the neonatglqveri
develop cerebralinjury.(3) In high-income countries, however, not only is the numbeesf ca
significantly reduced, but even of taeemicinfants,94% have normal neurological outcome
after intrauterineéed bloodcell trandusion (1UT).(4)
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As a resulbf RhD immunoglobulin prophylaxis, noB-Rh antibodies — for which prophylaxis

is not clinically available- will now account for a greater proportion of alloimmunised
pregnancies. Kolewijin et al. found that red blood cell transfusion is the most important
independent risk factor for ndd-Rh alloimmunisation, followed by parity, major surgeand
hematological diseag®) These antibodies, however, have been the subject of comparatively
little research, mostly in thilerm of isolated case studies that have an inherent bias towards
severe qutcomes. Notwithstanding these limited data, guidelines continue tonesabiclose

surveillance for women alloimmunised to dRly antigen(6)

The presentsstudy aimed to investigate the imzdeand clinical outcome of pregnancies

affected by norD Rh alloimmunisation at the Royal Women'’s Hospital, Victoria, Australia, in
order to determine the impact of nBrRh antibodies in a tertiary maternity servidn-Rh
antibodies may also be responsible for adverse perinatal outcomes, of course, howewverethe
only includedrinsthis study when they occurred in conjunction with a Rh antibody, to ensure that

the focus ensthissundeesearched area was maintained.

MATERIAL AND METHODS:

Thiswas aretrospective cohotudyof all pregnancies with noB-Rh antibodies (namelginti
C, -E,-c, -e, -C", as well as the compound antibodiesi-CD, -cE and-ce) managed at the
Royal Women’s HospitaRWH), Parkville,Victoria, Australia,in thefive-yearperiodbetween
January2009,andbecembef013.

A search ofith&WH pathology database was performeddentify all women who had nod-
Rh antibediesdetectedn the previous fivggears Women were excluded if thelid nothavea
non-D RhTantibedy durinthe course of a pregnan@s.g.antibodies found in work up for
gynecological surgeryNon-Rh antibodies were only included when they occurred in
conjunction with a Rh antibod®ncethe women were identifiediata were extracteidom
electronicand papemedical recordsef both the mother aritie neonateThe information
collectedis shown inSupporting Informatiomable S1Severe adversautcomes other than
perinatal losses were defined as the need for an intrauterine transfusion, calnedrzbod

cell exchange transfusion or intravenous immunoglobulin administration.
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The maternal antibodyter wasdetermined using the indirect antiglobui@st. The critical level
(1:16) is the level above which there is thought to be significant risk of fetal hyoirgpemia

If the titeris above 1:16or Rh antibodies, consideration is given to determinmgfetal Rh
genotype/phenotypsith invasive testingsuch as amniocentesignd fetal monitoring
commencedmiddle erebralartery Doppler ultrasound).(Mrior to invasive testing, patients are
counselled regarding the potential risk of enhanced maternal antibody productianfesis

the procedure, and it is only recommended when the risk of this is deemed to be odtwgighe
the benefit of confirmation of the fetal antigen status.

Womenwererexcluded from the final data set if they delivered elsewhere,fetal death in
utero (FDIU),/miscarage ortermination.Available details regarding these events were recorded

and reported separately.

Ethical Approval

During the:precess of data collection the data for the mother and baby werddol¢gther and
given a study ID which was de-identifies a retrospectiveanonymised, chaliased audit
project, this'study posed no risk to patients, and met the criteria establishedlftyrassurance
activities outlined in thl\HMRC guidelineEthical Considerationsin Quality Assurance and
Evaluation.Activities.(8) Correspondence confirming this was received fronintéutional
Human Research Ethics Committee.

RESULTS

Between January 2009 and December 2013, 14@Rh-alloimmunisedoregnancies were
identifiedsin®30-mothers. Among these 146 peegries, eighiiscarriagesthreeterminations
and sixFDIU'were excludedrom further analysisThe overall pregnancy loss rate in this cohort
was thus 11.6%; although only three of these losses (2% of the total) were confirmed
pathologically to be the selt of alloimmunisationThere were alst4 pregnancies that were
excludedras the delivery occurreldewhereprecluding procurement of outcome data. There
were two sets ofitwins, resulting 115 pregnancies (in 102 mothers) and 117 neomaties
complde datasetsavailable for analysid-igure 1 presents a flow diagram of the study

population.
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In the5 yearsof the study, there were 34,450 deliveries at the Royal Women’s Hospital.
Therefore 0.33% ofall deliveries (115/34,450) occurred in pregnaseitéectedby
alloimmunisatiorwith non-D Rh antibodiesThe incidencef the different antibody subtypées

shown in Figure 2.

Thirteenpregnancies witlanti-C also had anti-D present, not in a compound antilbdéiftgen
pregnancieslso had aon-Rhanibody presentantiFya, antiFyb, anttJka, anti-Jkb, anti-K,
antrLeb, antiLea, antiP1 or antiS). In six of these pregnancigthe titerof theRh antibodywas
higher thanrthatiof the ndRh antibody. One pregnancy had two different antibodies freo
non-D Rh antibodies (anti-E and anti*C When more than one antibody was identifidation
involved separate 8ts except in the case of the compound antibodiescanntic and anti
CD.

Table 1summarizeshe course and outcome of affectedgnancies by type of antibodyf the
pregnanciessin:which the criticalditwas reached (49.6%), amniocentesis was only performed
in one case. This pregnancy however alas alloimmunised for ank (the fathewas
heterozygous for Kell). IEvenpregnacies(9.6%)required IUT includingone failedattempt
where the'outcome wasrly delivery Of these 11 IUTs, only two cases received an IUT for a
non-D Rh.antibody alone (arfi-in both cases). In the remaining 9 cases@ntias present

along with another non-D Rh antibody. Fowere caused bye compound antibody ar@p.
Fourhad significant tites of anti-D in addition to the ndb-Rh antibody, and me was in
conjunction.with antiFya,the titerof which wasagainconsiderably fgher than theRh

artibody.

Thirty-eight'ofithe pregnancies (33%) in the study period had either induction of labor or
cesarean‘sectigorompted byalloimmunisation Of the 29 preterm deliveries (25.2%), one was
extremely preterm (less than 28 weéedesstatior), three were gry preterm (28 to <32 weeks)

and the remaining 25 were moderate to late preterm (32 to <37 weeks). Excluding pesgnanc
thathaddoth a no® Rh antibody and another independent antibody present, the compound
antibodies anti-€D and anteresulted inthe largest proportion of affected pregnandesgling

to preterm deliery - 6 out of 9 of the former, and the single case of the latter.

The outcomes of the 1Tieonatesire detailed in Table. Just over halbf all pregnancies

affected by nofD Rhalloimmunisatiorresulted in neonates who required photother&p the
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neonates affected by n@Rh antibodies alone, the compound antibodies had the highest
proportion of neonates requiring phototherape: single caseith antice and7 out of 9

neonates affected by ai@D.

Only 7.7%"(9/117)f infants required treatments foreamia Three were tréad with ferrous

sulphate (ane anti-C, one anti-c and one Bhtwhile the other sixeceived an exchange red
blood cell transfusion (four an@-with antiD independentlypne antic and one aCD). The
ferrous sulphate dose used was 6 mg/kg oral daily until six months of age. No irdant wa

recorded as'having required a-igp transfusion.

Table 3summarizes the distribution and highest level of antitibesp for those pregnancies in
which a severe adverseitcome other than perinatal loss occurred.

Six FDIUseecurred in the overall study cohast)ie wasletermined at autopsy to have been
causedy alleimmunisation Two had no autopsy performedo were unrelated to
alloimmunisatiorand in one the cause was unknoWwvo miscarriages were suggested to have
been a result adilfoimmunisation both to the same mother. The othrmiscarriagesiad no
cause identifiedThe ong=DIU and two miscarriages atiuted toalloimmunisationwere caused
by antiCDgthe highest tédrs of which were 1:16384, 1:32768 and 1:2048.

DISCUSSION

The incidence of no® Rhalloimmunisationn this studywas 0.33% which is in keepingth a
study by Chandrasekar et ad Northern Irelangdwho found an incidence of 0.28%
(99/34,91:3)x(9)tsis, however, considerably higher than the 0.16% (128/78,145) Gotvall and
Filbey foundin"Sweder(10) This difference may be explainég the genetic variance in
populations examined. The distributionRti antigens in different populations can vary
considerably and there is the potential that the transfusion practices iardiffeuntries may

play a relein the number of women who becaassitizedo nonb Rh antibodies. Currently,

in Australia, an‘extendddh type is only performed if the patient has known antibodies or if the

patient is to undergo a long-term transfusiagimen(11)

Despite the difference in overaicidence, the proportion @ach antibody wasrgelyin

keeping withcurrent literaturg9, 10, 12, 13yvith antiE beingthe most common antiboayter
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antiD, accoungdfor 42.6% of nor® Rh alloimmunisationOne noticeable differendeowever
wasthat these other studies (12-HH)identifiedthenextmost common antibody to be anti-c,

rather than atC as we found.

Across all antibody typeshe critical titerwas reached in 42.6%6 pregqhanciesrom a nonb

Rh antibody alone. N severe adverse outcomes (needWdr, red blood celexchange

transfusion or use of intravenous immunoglobuere noted in pregnancies that did not exceed
the critical titer suggesting that this threshold r@ms clinically appropriatécf. Table 3.

Although anti=E'was by far the most common antibody found, it did not produce the highest
titers. In our study, just less than one third (14/49) of pregnancies affected Byraatthed the
critical titerand only 34% (16/47) afeonatefiada positive direct antiglobulitest.Anti-E is
most commonly. assaaied with mild to moderateemolytic disease of the fetus or newborn
(HDFN).(15)TFhere arehowevercase reports and small studies whielve reported cases of
clinically signifieant HDFN caused byrdi-E.(14 16, 17) Our result;dicatedgenerallyless
severe outcomesvith 40.4% (19/47) requiring phototherapy and 23.4% (1X&qiiring
admission tespecial Care Nursetieonatal Intensive Care Unklowever, we did find that of
the 49 pregnancies affected by dbfthreewent on to require an IUT (although one was as a

resultof amuch higher antrya tite)).

Of the 15 cases of antj eight reached the critical titer, altigh none of these required an IUT.
Two studies.have reported that anttauses only mild to moderate HDFN in most ca@6s.

21) Our study had similar findings, with two of 15 cases receiving treatmestdania, and

both receivingrintravenous immunoglobulin (500mg/kg 1V, then repeated 12 hoursTaexg
have alseshowever been stud{2g, 23) and a case repadf24) suggesting ardt can cause more
severe HDFN.

Aside from an isolated case study), antieis not usuly associated with severe HDFE({9) In
our study‘aly one of three cases reachhbd criical titer, needingSpecial Care Nursery/

Neonatal Intensive Care Uratimssion and treatment for hyperbilirubinemia.

Three pregnancies were affected by-&ftiduring the study perio®Dne neonate received

phototherapy, althougihis pregnancy was a&fted by both anti-€and anti-S. No other adverse
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outcomes were recordedinti-C" is thought to cause only mild diseaéel{ojvever there have

beenrarecase reports of ar@" causing hydrops fetalis or severe fetal ang(2fa26).

Thereare few case reports regardingigC alloimmunisationalone.(27)t has more often been
reported that aniG can be additive to the hemolytic effects of @h{i28) and is more often
associated with severe outges in compound antibodies in pregnancies affected by multiple
antibodies.(29) This was the case in our stufljh@ pregnancies affected by aGtalone 20%
reached the criticditer compared to 84.6% when aioccurredvith antikD. As outlined in
Tables 1 and 2;rates akesarean sectipinduction of labor, direct antiglobulin positivity, and
treatments foershyperbilirubinemia and anemia were all more common whdb actompanied
anti-C. This is in'keeping with Spong etsalinding that the presence of aiidi was the most
significant factor. in determining the clinical outcome of a pregnancy affected by multiple
antibodies.(30)

Three compoand-antibodiesvere identified during the sty period:antice (also known as anti-
f), anticE and antiCD. Both antice and antcE had mild effects on the course of the pregnancy

and neonatal outcome.

Nine pregnancies were identified to harei-CD done.Of these nine case®ur requied lUTSs,
which was 36.4% of all IUTs performed in nBnRh alloimmunisedoregnancies. It also
accountedifor 30% of all cases requirihg tise of intravenous immunoglobulin and one sixth of
the cases requiring an relbod cellexchangdransfusion. During the study period there were
two first trimester miscarriages and df2lU attributed to alloimmunisation. All three occurred
as a resultiof-amtCD. There are few papers that discuss the outcomes and complications
as®ciated-with-eompound antibodidsectly and therefore little dataith whichto draw
comparisoens:“At the time of this study our laboratory did not routinely test foGaat-a result

we were unableto determine if our a@D samples were, in fact, G or antiC+G, and have

therefore described them only as abb-(as originally reported).

The main strength of this study lies in the fact that there have been, to our knowtedteer
studies into no Rh alloimmunisation in the Australian poptitan. Howeverthe Royal

Women'’s Hospital’s role as a large, specialist, public hospital that receives referrals frosn acros
the state of Victoria may skew the incidence of-balloimmunisation, as other hospitals in

Victoria will refer women alloimmunedwith high risk antibodies. As a proportion of our
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deliveries, these antibodies are likely to be overrepresented given the tertiary nature of this

hospital.

Unfortunatelythere were institient data on the miscarriages, terminatiand FDIU to

include them In the final data sample, as many of these patients received care from other
institutions We could not obtain accurate and complete data sets for these cases and therefore
they were removed frosubsequent analysias we were concerned that thaglusion in the
absence of.complete data regarding the impact of alloimmunisation on trseseviasild skew

the resultsWe do, acknowledge, howevedhat this is a significant limitatigrand merits further

investigationsin‘future studies.

We were alsdimited bythe rarity of nonB Rh alloimmunisation leading to small numbers in
our study. This highlights an area for a future broader study with multiple hesgpitalss

various statessleading to a larger patient population.

CONCLUSION

This study*has shown that although ri@iRh alloimmunisations still a relatively uncommon
complicatienof pregnanciyt, can lead to significarddverse fetal/neonataitcomes, including
miscarriage, FDIUor consideration of termination of pregnancy on accountalf ieorbidity. It
therefore must be identified and, if present, acted upon by alivedah maternity care
provision. The,most severe outcomes (including perinatal deaths) were asssityated with
the compound antibodiest-CD and antieE or a non-DRh antibody in conjunction with anti-
D.
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TABLE 1: Course of the pregnancy and delivery

Antibody Critical titer | IUT IOL or CS Preterm

reached performed prompted by delivery

(> 16) (MoM >1.5) | alloimmunisation | (<37 weeks)
Anti-E (n=46) | 14 (30.4%) | 2 (4.35%) 12 (26.1%) 7 (15.2%)
Anti-C (n=10) | 2 (20%) 0 2 (20%) 2 (20%)
Anti-c (n=15) | 8 (563.3%) 0 5 (33.3%) 0
Anti-e (N=3) pfedo(33.3%) 0 0 0

S

Anti-CD 81(88.9%) 4 (44.4%) 6 (66.7%) 6 (66.7%)
(n=9)
Anti-cE 10 (90.9%) |0 2 (18.2%) 3 (27.3%)
(n=11)
Anti-ce (N=1){-0 0 0 1 (100%)
Anti-E and r1(50%)* 1 (50%) 1 (50%) 1 (50%)
Anti-Fya
(n=2)
Anti-C and 11 (84.6%) | 4 (30.8%) 9 (69.2%) 7 (53.8%)
Anti-D (n=413)
Anti-CD and | 1 (100%} 0 1 (100%) 1 (100%)
Anti-Kell
(n=1)
Anti-cE and “%=1:(100%% 0 0 0
Anti-Jka
(n=1)
Anti-C"and” | 0 0 0 0
Anti-E (n=1)
Anti-C"and | 0O 0 0 0
Anti-Fya
(n=1)
Anti-C"and |0 0 0 1 (100%)
Anti-S (n=1)
Total (n=115) | 57 (49.6%) | 11 (9.6%) 38 (33%) 29 (25.2%)

*critical titer reached in Anti-Fya
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T critical titer reached in Ant alone in 6 cases, critical titer reached in both Anti-D and Anti-C in 4 casesitcal cr
titer reached in Anti-C alone in 1 case

¥ critical titer reached in Anti-CD and Anti-K

§ critical titer reached in Anti-Jka

IUT = intrauterine transfusion, MOM = multiples of medi#@| = induction of labour, CS = cesarean section
Combinations of antibodies were included when an antibody other trem2 Rh antibody was deemed to be of

clinical importance
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TABLE 2: Neonatal outcomes and requirements for specific treatments

Antibody SCN/NICU | Positive Phototherapy | Ferrous | Red cell IVig
Admission Direct Sulphate | exchange

Antiglobulin transfusion

Test
Anti-E (n=47*) | 11 (23.4%) | 16 (34%) 19 (40.4%) 1(2.1%) |0 0
Anti-C (n=11*) | 1 (9.1%) 4 (36.4%) 3 (27.3%) 1(9.1%) |0 0
Anti-c (n=15) . 9.(60%) 13 (86.7%) | 9 (60%) 1(6.7%) |1 (6.7%) 2 (13.3%)
Anti-e (n=3) 1(33.3%) 2 (66.7%) 1 (33.3%) 0 0
Anti-CD (n=9) | 6 (66.7%) 3 (33.3%) 7 (77.8%) 0 1(11.1%) | 3 (33.3%)
Anti-cE (n=11) | 3 (27.3%) 2 (18.2%) 4 (36.4%) 0 0
Anti-ce (n=1) | 1=(1:00%) 0 1 (100%) 0 0
Anti-E and 1 (50%) 1 (50%) 2 (100%) 0 0 0
Anti-Fya (n=2)
Anti-C and 9 (69.2%) 8 (61.5%) 10 (76.9%) 0 4 (30.8%) | 4 (30.8%)
Anti-D (n=13)
Anti-CD and | 1 (200%) 1 (100%) 1 (100%) 0 0 1 (100%)
Anti-Kell (n=1)
Anti-cE and 0 1 (100%) 1 (100%) 0 0 0
Anti-Jka (n=1)
Anti-C" and 0 0 0 0 0 0
Anti-E (n=1)
Anti-C" and 0 0 0 0 0 0
Anti-Fya (n=1)
Anti-C" and 0 0 1 (100%) 0 0 0
Anti-S (n=1)
Total (n=117) | 43 (36:8%) |51 (43.6%) |59 (50.4%) 3(2.6%) |6 (5.1%) 10 (8.5%)

* = including twins

SCN = special care nursery, NICU = neonatal intensive care unit, IVIg = intnasvémmunoglobulin

Combinations of antibodies were included when an antibody other trem2& Rh antibody was deemed to be of

clinical importance
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Non-D Rh Other TREATMENT MODALITY
Non-D Rh Antibody Other Antibody
Antibody | Highest Titer Antibody Highest Titer IuT RCEXx IVIig
Anti-c 128 Anti-Fya 8 No Yes No
Anti-c 256 Anti-Fya 16 No No Yes
Anti-c 256 - - No No Yes
Below
Anti-C detectable Anti-D 2048 Yes No No
Anti-C 1 Anti-D 1024 No Yes Yes
Anti-C 1 Anti-D 2048 Yes No No
Anti-C 2 Anti-D 512 No Yes Yes
Anti-C 4 Anti-D 1024 Yes No Yes
Anti-C 8 Anti-D 16384 Yes No No
Anti-C 32 Anti-D 256 No Yes No
Anti-C 64 Anti-D 128 Yes No No
Anti-C 1024 Anti-D 512 No Yes Yes
Anti-E 2 Anti-Fya 512 Yes No No
Anti-E 512 - - Yes No No
Yes
Anti-E 512 - - (failed) No No
Anti-CD 64 Anti-K 4096 No No Yes
Anti-CD 256 - - No Yes Yes
Anti-CD 512 Anti-Fya 16 Yes No No
Anti-CD 8192 Anti-D 1024 Yes No Yes
Anti-CD 16384 - - Yes No No
Anti-CD 32768 Anti-S 1 Yes No Yes

TABLE 3: Severe outcomes*
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IUT = intrauterine red blood cell transfusion, RCEx = Red cell exchangeusamsf IVIg = intravenous
immunoglobulin

* Severe outcomes, excluding fetal death in utero, termination and miscanéagelefined as theeed for
IUT, RCEXx or IVIg.
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FIGURE 1: Inclusion and exclusion criteria
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FIGURE 2: Rh antibody incidence
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