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   In the United States, more than 2 000 000 apher e sis plate let units are col lected annu ally from vol un teer donors. Platelet 
donors in the United States and else where are per mit ted to donate up to 24 times per year. Recently, fre quent apher-
e sis plate let dona tion has been asso ci ated with severe T - cell lymphopenia. Several fre quent plate let donors have been 
found to have periph eral blood CD4  +   T - cell counts below 200 cells /  µ L, the thresh old for AIDS in HIV - pos i tive indi vid u als. 
Independent risk fac tors for plateletpheresis - asso ci ated lymphopenia include life time dona tions, age, and dona tions on 
the Trima Accel instru ment (Terumo BCT), which uses a leukoreduction sys tem (LRS) cham ber to trap white blood cells. 
Less often, severe lymphopenia can occur in donors col lected on the Fenwal Amicus instru ment (Fresenius Kabi), which 
has no LRS. For Trima Accel donors, lymphopenia can be par tially miti gated by performing a plasma rinseback step at the 
end of col lec tion. To date, there is no defi n i tive evi dence that plateletpheresis - asso ci ated lymphopenia is harm ful. In a 
study of fre quent plate let donors with lymphopenia who were admin is tered COVID - 19 mes sen ger RNA vac cines, immune 
responses were nor mal. The homeo static mech a nisms respon si ble for maintaining a nor mal periph eral blood T - cell count 
remain obscure, as do the causal mech a nisms under ly ing plateletpheresis - asso ci ated lymphopenia.  

   LEARNING OBJECTIVES 
    •  Examine risk fac tors for plateletpheresis  asso ci ated lymphopenia 
   •  Evaluate clin i cal con se quences and mit i ga tion approaches for plateletpheresis  asso ci ated lymphopenia  

  CLINICAL CASE 
  On rou tine screen ing, a 58  year  old man in his usual state 
of good health was dis cov ered to be lymphopenic (lym
pho cyte count 512 cells /  µ L; ref er ence range, 720 – 4100 
cells /  µ L.) The patient ’ s hemo glo bin level, white blood 
cell count, and plate let count were within nor mal lim its. 
Follow  up stud ies were remark able for a CD4  +   T  cell count 
of 106 cells /  µ L (441 – 2156 cells /  µ L) and a CD8  +   T  cell count 
of 92 cells /  µ L (125 – 1312 cells /  µ L). The patient ’ s IgG level 
was nor mal, and he tested neg a tive for HIV by immu no
as say and nucleic acid test ing. The patient was referred 
by his pri mary care phy si cian to a hema tol o gist, who per
formed a bone mar row biopsy. No abnor mal i ties were 
found. The patient reported donat ing plate lets every 2 
weeks for the past 10 years.  

 Introduction 
 By the 1970s, apher e sis tech nol ogy had advanced to the 
point where it became fea si ble to col lect high num bers of 

plate lets from indi vid ual vol un teer donors dur ing a sin gle 
dona tion. Concerns were soon raised about whether fre
quent apher e sis plate let dona tions might ren der donors 
throm bo cy to pe nic, poten tially put ting them at risk for 
bleed ing. Investigators also noticed that fre quent plate let 
donors ’  lym pho cyte counts tended to decline, and worries 
were raised about pos si bly mak ing donors immu no de f 
cient. In 1981, Koepke et al 1  reported a pro spec tive study 
of lymphopenia in plateletpheresis donors. Ten healthy 
male vol un teers, aged 21 to 33 years, donated plate lets by 
apher e sis 10 times over 12 weeks. None had donated whole 
blood or plate lets pre vi ously. The vol un teers ’  total lym pho
cyte counts decreased by approx i ma tely 20 %  dur ing the 
study period ( Figure 1 ). The inves ti ga tors con cluded that 
this was a sta tis ti cally sig nif   cant change but not one that 
was clin i cally mean ing ful. 

 Apheresis tech nol ogy con tin ued to evolve, and with the 
intro duc tion of bet ter auto mated instru ments, the ques tion 
of whether plateletpheresis could cause lymphopenia was 
set aside. In 2007, the US Food and Drug Administration 
dropped its require ment that donor con sent forms include 
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the poten tial risk of lym pho cyte deple tion.2 A 2008 edi to rial by 
Ronald Strauss3 asserted, “Donor lym pho cytes col lected or lost 
dur ing plateletpheresis are so few that the risk of sig nif  cant lym
phocytopenia and/or immune dys func tion is nil, and no addi
tional mea sures are needed.” That is where things remained until 
2017, when a fre quent plate let donor in Bos ton was inci den tally 
dis cov ered to have a CD4+ Tcell count below 200 cells/µL. The 
obser va tion of severe Tcell lymphopenia in this donor led to 
sub se quent inves ti ga tions in fre quent plateletpheresis donors, 
sum ma rized below.

Risk fac tors for acquir ing plateletpheresis-asso ci ated 
lymphopenia
In 2019, Gansner et al4 reported a sin glecen ter, crosssec tional 
study of 60 apher e sis plate let donors. The donors were divided 
into 3 groups based on the num ber of plate let dona tions in the 
past 365 days: 1 or 2, 3 to 19, or 20 to 24. All donors had donated 
on the Trima Accel (Terumo BCT) instru ment exclu sively. CD4+ 
Tcell counts below 200 cells/µL were found, respec tively, in 0 
of 20, 2 of 20 (10%), and 6 of 20 (30%) donors in the 3 groups 
(P  =  .019). Similarly, CD8+ Tcell counts in the 3 groups were below 
the lower limit of nor mal in 0 of 20, 4 of 20, and 11 of 20, respec
tively (P  <  .001). There appeared to be a cumu la tive dona tion 
effect: a life time his tory of donat ing plate lets 50 or more times 
was asso ci ated with a sig nif  cant decrease in CD4+ and CD8+ 
Tcell counts (Figure 2). In mul ti var i able ana ly ses, both donor 

age and plate let dona tions were inde pen dently asso ci ated with 
reduced CD4+/CD8+ counts. All the donors in this study reported 
being in good health.4

The Trima Accel instru ment’s cir cuit incor po rates a leukore
duction sys tem (LRS) cham ber, which is a small plas tic cone 
that traps approx i ma tely 15% to 20% of cir cu lat ing lym pho cytes 
and mono cytes. Approximately 1 to 2  ×  109 of mono nu clear cells 
are retained in the LRS fol low ing a plate let dona tion.4,5 Donor 
cen ters often pro vide postplateletpheresis LRS cham bers to 
research ers, as they pro vide a con ve nient source of mono nu
clear cells.5 It was hypoth e sized that bulk removal of T cells by 
the LRS could con trib ute to the devel op ment of plateletpheresis
asso ci ated lymphopenia in donors col lected on the Trima Accel. 
On that basis, a crosssec tional study was performed of fre
quent plate let donors col lected on the Fenwal Amicus (Frese
nius Kabi) apher e sis instru ment, which does not have an LRS. 
Among 30 fre quent plate let donors col lected on the Fenwal 
Amicus, none had a CD4+ Tcell count below 200 cells/µL. In 
con trast, a large sin glecen ter ret ro spec tive study conducted 
in Germany found that fre quent donors col lected mainly using 
the Amicus instru ment had a median lym pho cyte count of 1530 
cells/µL, com pared with 1960 cells/µL among new donors. The 
authors con cluded that plateletpheresisasso ci ated lymphope
nia can occur with out an LRS, only to a lesser degree than when 
an LRS is used.6 In a recent inter na tional study conducted by the 
Biomedical Excellence for Safer Transfusion Collaborative, CD4+ 

Figure 1. Peripheral blood lymphocyte trends in naive volunteers undergoing frequent plateletpheresis. Ten healthy male volun
teers donated apheresis platelets 10 times in 12 weeks on the Haemonetics Model 30 blood processor. Blood samples were obtained 
at baseline and at each of the plateletpheresis procedures. The plotted points show, for each volunteer, the percentage change in 
total peripheral blood lymphocytes relative to that volunteer’s mean lymphocyte count for the entire study period. The solid regres
sion line shows the average change for all participants; ±2 SD confdence intervals are indicated by the dashed lines.
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Tcell counts below 200 cells/µL were observed in 10% of fre
quent plate let donors col lected on the Trima Accel and 4% of fre
quent plate let donors col lected on the Fenwal Amicus (Richard  
M. Kaufman, unpub lished data). Fenwal Amicus donors had lym
pho cyte counts and CD4+/CD8+ counts that were inter me di ate 
between those of agematched wholeblood donor con trols, 
who had higher counts, and fre quent Trima Accel donors, who 
had lower counts. Donation on the Trima Accel vs the Fenwal 
Amicus was thus deter mined to be an inde pen dent risk fac tor 
for plateletpheresisasso ci ated lymphopenia. However, severe 
lymphopenia can develop fol low ing fre quent plate let dona tion 
on the Fenwal Amicus instru ment, in the absence of an LRS.

Are plate let donors with severe T-cell lymphopenia  
immu no de fi cient?
An intrin sic prob lem with study ing vol un teer plate let donors is 
that they are, by def  ni tion, healthy. (To qual ify for blood dona
tion, donors must answer “yes” to the frst ques tion on the 
Donor History Questionnaire: “Are you feel ing healthy and well 
today?”7) Rahmani et al8 attempted to con tact indi vid u als who 
used to donate plate lets fre quently but had stopped donat ing 
for at least 1 year for any rea son. Of 15 for mer donors, 2 were 
found to have CD4+ Tcell counts below 200 cells/µL despite 
not donat ing for 1 to 2 years. Thus, plateletpheresisasso ci ated 
lymphopenia can per sist long after donors stop donat ing. But 
does severe Tcell lymphopenia in plate let donors reflect an 
acquired immu no de f ciency state, or is it sim ply an abnor mal 
lab o ra tory result with out mean ing ful clin i cal con se quences?

In a nation wide cohort study, Zhao et al9 attempted to look for 
signs of clin i cal risk in fre quent plate let donors using the Swed ish 
Scan di na vian dona tions and trans fu sions (SCANDAT3S) data base. 
SCANDAT3S pulls together data from national reg is ters in Sweden  
and Denmark on blood donors, blood prod ucts, trans fusions, and 
trans fu sion recip i ents. The data span from 1968 through 2017 and 
encom pass over 26 mil lion per sonyears of donor fol lowup.10 At 
the time the SCANDAT3S study was performed, lymphopenia 
had been observed in plate let donors col lected on the Trima 
Accel instru ment but not yet among donors col lected on the Fen
wal Amicus.8 Zhao and col leagues9 also sought to avoid poten
tial confounding by donor selfselec tion—the socalled healthy 
donor effect—whereby donors who feel unwell donate less often. 
Therefore, the inves ti ga tors chose to com pare apher e sis plate let 
donors col lected using an LRS cham ber (COBE Spectra and Trima 
Accel) with plate let and plasma donors who donated the same 
num ber of times but with out an LRS (Spectra Optia; all 3 instru
ments from Terumo BCT). A sec ond maneu ver to mit i gate against 
the healthy donor effect involved using a timedepen dent anal
y sis. The inves ti ga tors defned a 10year expo sure win dow that 
excluded dona tions in the most recent 1 year, to try to pre vent 
imbal ances in the num bers of dona tions ana lyzed due to donors 
becom ing ill and donat ing less fre quently as a result.

A total of 74 048 plateletpheresis and plas ma phe re sis donors 
were included in the SCANDAT3S anal y sis. Among donors with 
the same num ber of dona tions, there were sig nif  cantly more 
immu no sup pres sionrelated infec tions (Figure 3A) and com mon 
bac te rial infec tions (Figure 3B) among donors col lected using an 

Figure 2. Peripheral blood T-cell counts in frequent plateletpheresis donors. Cell counts are plotted for the 3 donor groups. (A) CD4+ 
Tcell counts. The horizontal dotted line indicates 200 cells/µL. (B) CD8+ Tcell counts. The horizontal dotted line indicates the lower 
limit of normal. Blue symbols indicate volunteers who donated 20 to 24 times in a 365day period during the past 20 years. (C) CD4+ T
cell counts by total plateletpheresis sessions. (D) CD8+ Tcell counts by total sessions. The vertical dotted line indicates 50 donations.
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LRS com pared to those col lected with out an LRS. Notably, no 
immu no sup pres sionrelated infec tions were observed among 
the highestrisk group, LRS donors who had donated more than 
50 times. In all , only 11 immu no sup pres sionrelated infec tions 
were found among LRS donors, mainly her pes zoster. No donor 
was found to have had a severe ill ness (eg, dis sem i nated myco
bac te rial infec tion or asper gil lus). While pro voc a tive, there were 
impor tant lim i ta tions to the Zhao et al9 study. This was a ret ro
spec tive, obser va tional study with poten tial for resid ual con
founding. There were rel a tively few fre quent plateletpheresis 

donors: just 95 donors in the data set (1.4%) had donated 20 or 
more times in a sin gle year. Finally, as noted above, the num ber 
of infec tion events was small.11

Laumaea et al12 eval u ated the abil ity of fre quent apher e sis 
plate let donors to respond to COVID19 vac ci na tion. The inves ti
ga tors recruited a cohort of 43 COVID19 infec tionnaive plate let 
donors who had donated more than 5 times per year on the Trima 
Accel instru ment. The donors were admin is tered 2 doses of a 
COVID19 mes sen ger RNA vac cine. Blood sam ples were col lected 
at base line and approx i ma tely 5 or 6 weeks after the frst dose and 

Figure 3. Risk of infections with LRS+ donations vs LRS− apheresis platelet donations, in relation to number of donations between 
1 and 11 years in the past, modeled as a restricted cubic spline. (A) Immunosuppressionrelated infections. (B) Common bacterial 
infections. Confdence intervals are shown in gray. HR, hazard ratio.
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sec ond doses, respec tively (Figure 4A). The donors were divided 
into 2 groups: those with CD4+ Tcell counts below 400 cells/µL 
(n  =  27) and those with CD4+ Tcell counts at or above 400 cells/µL 
(n  =  16). Consistent with ear lier stud ies, donors in the CD4+low 
group had a median of 166 life time dona tions vs a median of 24 
life time dona tions in the CD4+high group (P  <  .0001). Antibody to 
SARSCoV2 recep tor bind ing domain was low at base line (V0) 
in both groups and increased sig nif  cantly in both groups fol low
ing vac ci na tion. The IgG response in the CD4+high group was 
slightly higher than in the CD4+low group, but the dif fer ence was 
not sta tis ti cally sig nif  cant (Figure 4B). The CD4+low and CD4+
high groups were also sim i lar in their IgM and IgA anti–recep tor 
bind ing domain responses, in spikespe cifc anti body for ma tion, 
in pseudovirus neu tral i za tion assays, and in an anti–SARSCoV2 
anti bodydepen dent cel lu lar cytoxicity assay. In aggre gate, these 
data pro vide reassuring evi dence of pre served immune func tion 
in fre quent plateletpheresis donors.

Mitigation
Tcell lymphopenia tends to be more fre quent and severe when 
donat ing on the Trima Accel instru ment vs the Fenwal Amicus 
instru ment, con sis tent with mono nu clear cell cap ture by the LRS 
con trib ut ing to the devel op ment of lymphopenia. Although not 
rou tinely used by most blood donor cen ters, the Trima Accel pro
vi des a “plasma rinseback” option, which returns to the donor 
22%13 to 74% (A. Razatos, per sonal com mu ni ca tion, 2022) of white 
blood cells remaining in the dis pos able tub ing of the apher e sis 
cir cuit. The rinseback pro ce dure was designed to min i mize red 
blood cell loss in the dis pos able tub ing and does not flush cells 
out of the Trima Accel’s LRS cham ber. In 2013, Cana dian Blood 
Services (CBS) insti tuted rinseback for all  plate let col lec tions 
using the Trima Accel instru ment. Multiple CBS blood cen ters 
con trib uted data to the Biomedical Excellence for Safer Transfu
sion Collaborative study of plateletpheresisasso ci ated lympho
penia. The CBS blood cen ters were directly com pared to other 
cen ters using the Trima Accel that do not per form rinseback. The 

results sug gest that Trima Accel plasma rinseback par tially mit
i gates against the devel op ment of plateletpheresisasso ci ated 
lymphopenia. Among 40 fre quent plate let donors col lected on 
the Trima Accel using rinseback, the mean CD4+ Tcell count was 
sig nif  cantly lower than that of matched wholeblood donor con
trols. However, 0 of 40 Trima Accel donors receiv ing rinseback 
had a CD4+ Tcell count below 200 cells/µL, com pared with 13 of 
91 Trima Accel donors (14%) col lected with out rinseback.

T-cell homeo sta sis and other open ques tions
In adult humans, approx i ma tely 1011 naive T cells cir cu late in the 
periph eral blood and through lym phoid organs.14 Tcell pro gen
i tors orig i nate in the bone mar row, then migrate to the thy
mus, where they undergo mat u ra tion and selec tion. Some of 
these cells are even tu ally released from the thy mus as naive 
T cells, ready to respond should they encoun ter spe cifc anti
gen. In mice, the thy mus con tin u ally pro duces large num bers 
of naive T cells through out the life of the organ ism. In con trast, 
thy mic export of naive T cells is sharply curtailed in child hood 
in humans. A small num ber of new thy mic emi grants can be 
found in mid dleaged adults, but the bulk of the naive Tcell 
pop u la tion in adult humans is sustained by cell pro lif er a tion in 
other lym phoid organs.1518 T cells cir cu lat ing in the blood are 
easy to access and can pro vide crit i cal prog nos tic infor ma
tion, as in patients infected with HIV. But only about 2% to 3% 
of the body’s total T cells cir cu late in the periph eral blood at 
any given time.16,19 Most naive T cells reside in lymph nodes.18 
Mouse exper i ments sug gest that within lymph nodes, IL7 and 
IL15 pro vide key sur vival and pro lif er a tion sig nals to res i dent  
T cells.20 More recently, the cys te inerich with EGFlike domains 
1 (CRELD1) gene has been impli cated as a reg u la tor of Tcell 
homeo sta sis in humans.21

Overall, how ever, how the periph eral blood Tcell count is 
normally maintained remains poorly under stood. In fre quent 
plate let donors with low blood T cells, noth ing is known at 
this point about Tcell num bers and homeo static  pro lif er a tive 

Figure 4. Anti–receptor binding domain (RBD) antibody responses in plateletpheresis donors receiving COVID-19 messenger RNA 
(mRNA) vaccines. (A) Study schema. COVID19 infectionnaive CD4+low (teal) and CD4+high (orange) platelet donors were adminis
tered 2 mRNA vaccine doses per the schedule shown. (B) AntiRBD IgG levels at baseline (V0) and after (V1, V2) each dose of vaccine. 
**P < .01; ****P < .0001.
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activ ity within their lym phoid tis sues. The vac cine study12 sum
ma rized above pro vi des reassuring evi dence of pre served 
immune func tion in donors with plateletpheresisasso ci ated 
lymphopenia. As illus trated by the Clinical Case, hema tol o gists 
should be aware of this entity to avoid unnec es sary med i cal 
work ups in oth er wise healthy indi vid u als. Donor cen ters using 
the Trima Accel instru ment are advised to per form plasma rinse
back rou tinely to reduce the risk of donor lymphopenia. The 
mono nu clear cell con tent of LRS cham bers is largely pre served 
fol low ing plasma rinseback,13 so the LRS cham bers remain use
ful for research. Finally, dur ing the dona tion con sent pro cess, 
fre quent plate let donors should be made aware of the pos si
bil ity of devel op ing plateletpheresisasso ci ated lymphopenia.

Conflict-of-inter est dis clo sure
Richard M. Kaufman: no com pet ing fnan cial inter ests to declare.

Off-label drug use
Richard M. Kaufman: Nothing to disclose.

Correspondence
Richard M. Kaufman, Brigham and Women’s Hospital, 75 Francis 
Street, Bos ton, MA 02115; email: rmkaufman@bwh  .harvard  .edu.

References
1. Koepke JA, Parks WM, Goeken JA, Klee GG, Strauss RG. The safety of 

weekly plateletpheresis: effect on the donors’ lym pho cyte pop u la tion. 
Transfusion. 1981;21(1):5963.

2. U.S. Department of Health and Human Services, Food and Drug Adminis
tration, Center for Biologics Evaluation and Research, Guidance for Indus
try and FDA Review Staff Collection of Platelets by Automated Methods. 
GuidanceforIndustryandFDAReviewStaff—CollectionofPlateletsby
AutomatedMethods.pdf. Accessed August 23, 2023.

3. Strauss RG. Risks of clin i cally sig nif  cant throm bo cy to pe nia and/or lym
phocytopenia in donors after mul ti ple plateletpheresis col lec tions. Trans-
fusion. 2008;48(7):12741278. 

4. Gansner JM, Rahmani M, Jonsson AH, et  al. Plateletpheresisasso ci ated 
lymphopenia in fre quent plate let donors. Blood. 2019;133(6):605614.

5. Dietz AB, Bulur PA, Emery RL, et  al. A novel source of via ble periph eral 
blood mono nu clear cells from leukoreduction sys tem cham bers. Transfu-
sion. 2006;46(12):20832089.

6. Thuer L, Brosig A, Hutchinson JA, et  al. Total plate let dona tion count 
and dona tion fre quency are deter mi nants of plateletpheresisasso ci ated 
lymphopenia. Transfusion. 2021;61(11):31613173.

7. Association for the Advancement of Blood and Biotherapies (AABB). 
FullLength Blood Donor History Questionnaire (DHQ ) v4.0. https:  /  / 
www  .aabb  .org  /docs  /default  source  /default  document  library  /
resources  /dhq  v4  0  /pdfs  /dhq  v4  0  .pdf  ?sfvrsn=c8022a9f_0. Accessed 
June 3, 2023.

8. Rahmani M, Fortin BM, Berliner N, et al. CD4+ Tcell lymphopenia in fre
quent plate let donors who have ceased plate let dona tion for at least 1year. 
Transfusion. 2019;2(5):6864.

9. Zhao J, Gabriel E, Norda R, et al. Frequent plate let dona tion is asso ci ated 
with lymphopenia and risk of infec tions: a nation wide cohort study. Trans-
fusion. 2021;61(2):464473.

10. Zhao J, Rostgaard K, Hjalgrim H, Edgren G. The Swed ish Scan di na vian 
dona tions and trans fu sions data base (SCANDAT3S)—50 years of donor 
and recip i ent fol lowup. Transfusion. 2020;60(12):30193027.

11. Gorlin JB. Commentary on Zhao et  al., “Frequent plate let dona tions is 
asso ci ated with lymphopenia, and risk of infec tions: A nation wide cohort 
study.” Transfusion. 2021;61(4):13291332.

12. Laumaea AE, Lewin A, Chatterjee D, et  al. COVID19 vac cine humoral 
response in fre quent plate let donors with plateletpheresisasso ci ated 
lymphopenia. Transfusion. 2022;62(9):17791790.

13. Kelly K, Sen S, Brown B, Dumont LJ, Marschner S. Characterization of resid
ual cell pop u la tions in leukoreduction sys tem (LRS) dis pos able sets fol low
ing apher e sis plate let col lec tions. Transfusion. 2022;62(suppl 2):29A.

14. Bains I, Antia R, Callard R, Yates AJ. Quantifying the devel op ment of the 
periph eral naive CD4+ Tcell pool in humans. Blood. 2009;113(22):5480
5487.

15. den Braber I, Mugwagwa T, Vrisekoop N, et al. Maintenance of periph eral 
naive T cells is sustained by thy mus out put in mice but not humans. Immu-
nity. 2012;36(2):288297.

16. Kumar BV, Connors TJ, Farber DL. Human T cell devel op ment, local i za tion, 
and func tion through out life. Immunity. 2018;48(2):202213.

17. Seddon B, Yates AJ. The nat u ral his tory of naive T cells from birth to matu
rity. Immunol Rev. 2018;285(1):218232.

18. Thome JJ, Grinshpun B, Kumar BV, et al. Longterm main te nance of human 
naive T cells through in situ homeo sta sis in lym phoid tis sue sites. Sci Immu-
nol. 2016;1(6).

19. Ganusov VV, De Boer RJ. Do most lym pho cytes in humans really reside in 
the gut? Trends Immunol. 2007;28(12):514518.

20. Surh CD, Sprent J. Homeostasis of naive and mem ory T cells. Immunity. 
2008;29(6):848862.

21. Bonaguro L, Köhne M, Schmidleithner L, et al. CRELD1 mod u lates homeo
sta sis of the immune sys tem in mice and humans. Nat Immunol. 2020;21(12): 
15171527.

© 2023 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2023000484

mailto:rmkaufman@bwh.harvard.edu
https://www.aabb.org/docs/default-source/default-document-library/resources/dhq-v4-0/pdfs/dhq-v4-0.pdf?sfvrsn=c8022a9f_0
https://www.aabb.org/docs/default-source/default-document-library/resources/dhq-v4-0/pdfs/dhq-v4-0.pdf?sfvrsn=c8022a9f_0
https://www.aabb.org/docs/default-source/default-document-library/resources/dhq-v4-0/pdfs/dhq-v4-0.pdf?sfvrsn=c8022a9f_0

