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CaxeTtak

AHanuavpanu cMmo Hanase ykynHux aHtutena Ha SARS-CoV-2 HakoH
OycTep [o3e Tpu pasnuuuTe BakuumHe (peBakuuHe) gocTynHe y Cpbu-
ju: BNT162b2 mRNA (Pfizer-BioNtech), Sinopharm BBIBP-CorV (Vero
Cell®), Gam-COVID-Vac (Sputnik V) 13 no Tpu y3opka KpBu 3a CBaKor
of 193 yyecHuka y CTyauju, y3aMMaHuxX y Ha3Ha4yeHuMm nHTepeanuma (npe
BycTep nose, 7 1 28 naHa HakoH BycTep go3e). Y3opuy cy aHanusnpaHm
nomohy kBanutatusHux umyHotectoBa WANTAI ELISA (BEING, Kuna).
Y ToKy nepvoga ucnutmMBama AOLUNO je A0 3HavajHor nosehawa yKynHe
KOHLeHTpaumje antutena (B = 2,042; p < 0,001, n2 = 0,21). Huje 6uno
3HavajHe pasnuke n3mely XOMOMOorMx u XeTeporormx pexvma bycrep
nmyHunsaumje (B = -0,522; p = 0,134). bBonectn TnpongHe xnesge (B =
-2,023) n ctapocT npeko 65 roguHa (B = -3,654) He3aBUCHO cy AoBedeHe
y BE3y Ca HWKMM KOHLEHTpauvjama yKynHux aHtutena. OBu pesynTtatu
yKasyjy Aa, He3aBUCHO O[] BpCTe NpuMeneHe BakuyHe npotns COVID-19
1 NPYMEHEHOT peXxnma BaKkuuHaumje, CBe BakLUyHe AoHOCe JobpobuT ca
3HavajHUM noBehaweM KOHLEHTpaumje YKYnHUX aHTutena.

KrbyuHe peun: BakuuHe npotme COVID-19, ykynHa aHTu-
Tena, byctep gosa, Cpbuja

YBop

Y pagy koju je HegaBHO objaBrbeH y Yaconucy Vaccines,
Crowuvh n capagHuum cy vcnuTanm MMYHOFEHWYHOCT U
peakToreHocT BycTep A03e pasnMuMTUX BaKuuHa MpoTuB
COVID-19, kako 61 ogpeounu cakTope Koju cy y Besu
Cca VMyH/M OAroBOPOM W HexerbeHuMm gorahajuma [1]. Y
Te CBpxe, ayTopu Cy KOPUCTUIM UMYHOTECT KOjWU je Haj-
Yelwhe nopeheH 1 ouewmBaH Ha TpxUWwTy, Abbot SARS-
CoV-21gG Il Quant Tect, Ha uHcTpymeHTy ARCHITECT
i2000SR. NcnuTtueakse je nokasano aa je npumeHa dycrep
0o3e 3HavajHo noBehana Tutap IgG aHTutena Ha Spike (S)
nNpoTeunH, NnocebHo 28 gaHa HaKoH MPUMEHE XeTepororor
pexunma, Te aa je kombuHauwja Pfizer-BioNtech (npumap-
Ha cepuja BakumHauuje u BycTep go3a) HajaenoTBOPHU-
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We analyzed results of total antibodies to SARS-CoV-2 after receiving
the booster dose of 3 different vaccines available in Serbia: BNT162b2
mRNA (Pfizer-BioNtech), Sinopharm BBIBP-CorV (Vero Cell®), Gam-
COVID-Vac (Sputnik V) from three blood samples for each of the 193
study participants drawn in intervals (before booster dose, 7 and 28 days
after the booster dose). Sample analysis was performed with qualitative
WANTAI ELISA immunoassay (BEING, CHINA). During the study period,
there was a significant increase in total antibodies (B = 2.042; p < 0.001,
n2 = 0.21). There was no significant difference between homologous and
heterologous regimen booster immunization (B=-0.522; p=0.134). Thy-
roid diseases (B = -2.023) and age 65+ (B = —3.654) were independently
associated with a lower level of total antibodies. These results suggest
that regardless of COVID-19 vaccine types analyzed and the regimens
applied, all vaccines provided benefits with the significant increase in total
antibody levels.

Keywords: COVID-19 vaccines, total antibodies, booster
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Introduction

In a recent article published in journal Vaccines, Stosic and
colleagues examined immunogenicity and reactogenici-
ty of the booster dose of different COVID-19 vaccines, in
order to identify factors related to immune response and
adverse events [1]. For this purpose, the authors used the
most compared and evaluated immunoassay on the mar-
ket, Abbott SARS-CoV-2 IgG Il Quant assay, performed on
the ARCHITECT i 2000SR instrument. The study showed
that the application of the booster dose significantly in-
creased IgG antibody titers against spike protein, especial-
ly 28 days after applied heterologous regimen and that the
Pfizer-BioNTech—Pfizer-BioNTech combination (primary
vaccination series and booster dose) was the most effec-
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ja. Pasnnuntn cepornoLukn TecToBu Koju cy KopuwwheHu y
OpojHUM cTyavjama [OMpUHENM Cy MPOLEHU MMyHUTETA
Mely BakuMHMcaHoOM nonynaumjom [2—4]. 3a gogatHe UH-
dopmaLmje n yBuae y OBy TeMy, UChMTanM CMO UCTe Te
y3opke nomohy WANTAI ELISA nmyHoTecTa 3a aetekuujy
YKYMHUX aHTUTEna.

MaTtepujan u metoae

Y okBUpY MaHen cTyguje Koja ce cacTtojana o4 npocnek-
TMBHE KOXOpTe M Tpu CTyauje npeceka aHanuaupanu
CMO KOHUeHTpauuje ykynHux aHtutena Ha SARS-CoV-2
HaKoOH MpumrbeHe BycTep [o3e Tpy pasnuyuTe BaKuMHe
poctynHe y Cpbuju: BNT162b2 mRNA (Pfizer-BioNtech),
Sinopharm BBIBP-CorV (Vero Cell®), Gam-COVID-Vac
(Sputnik V) n3 no Tpu y3opka KpBu 3a ceakor of 193 yye-
CHUKa y CTyAMjW, KOjU CY Y3UMaHWN y Ha3Ha4YeHNM UHTepBa-
numa (npe 6ycTtep fo3e, 7 n 28 gaHa HakoH Byctep fose).
Y3opum cy aHanusmpaHu nomohy KBanutaTMBHUX UMYHO-
TectoBa WANTAI ELISA (BEING, Kuna), npema ynyTtcTtBy
3a ynotpeby. WANTAI ELISA ce 3acHuBa Ha RBD (gome-
Hy koju Besyje peuentop) C1 nogjeavHnue S npoTenHa
SARS-CoV-2 Bupyca 1 mepu yKynHa aHtuTena. Pesynrtatu
ce oumTaBajy Ha ancopbaHumju og 450 nm n n3paxasajy
Kpo3 ogHoc ancopbaHuuja/rpaHnyHa BpegHocT (A/C.0.) 3a
CBaKy MVKpomnno4vy ogBojeHo. Ykonuko je A/C.O. BpegHocT
Maka of 1, pesynTaTt je HeraTMBaH, LUTO 3HA4YU Aa Huje
©uno ykynHux aHtutena Ha SARS-CoV-2, a pesyntatu 21
Cy CMaTtpaHu NO3UTMBHUM, LUTO je 3Ha4MMo Aa je YY4eCHUK
y CTYAMjM MMao 3awTuTHa aHTutena. [5]. MNpaTtunmn cmo no-
Behare KOHUEeHTpauuje YKyNHUX aHTUTena 3a CBaky BPCTY
BaKUMHe OABOjeHO. Y 3aBMCHOCTN Of BPCTE NMPOMEHIbMBE
WU HOpMarnHocTM AucTtpubyumje, pe3yntatu cy npeacra-
BSbEHM Kao yyecTanocT (npoueHar), meaujaHa (orncer) u
cpeana BpegHocT (CL). NpomeHe y BpeaHOCTK 3a YKynHa
aHTWTena TOKOM MocMaTpaHor nepuopa uUcnutaHe cy no-
Mohy Mofena nuHeapHuX meLosuTuX edpekarta, nomohy R
naketa Ime4, Bepsunja 1.1-23. Y myntusapujaHTHN Moaen
CY YKIbyYyeHe 3HayajHe HesaBucHe npomeHrbuse (p<0,1)
y YHUBapujaHTHUM mMogenuma. lNpomeHrouee ,cpyaHe 60-
nectn” n ,anjabetec” cy UCKIby4YeHEe U3 MynTuBapujaHTHOr
mMofena ycnepn konumHeapHocTu. CBe p BpegHOCTU Manse
on 0,05% cmatpaHe cy 3HavajHum. CTaTtucTMyka aHanu-
3a nsBefeHa je nomohy IBM SPSS Statistics 22 codteepa
(IBM Corporation, ApmoHk, Hbyjopk, CAl) n R-4.0.0 cod-
TBepa (The R Foundation for Statistical Computing, Beu,
AycTtpuja). CBM y4ecHMUM Cy MOTAMcanun MHAOPMUCAHY
carnacHocT 3a ydewhe y cTyauju, y cknagy ca [eknapa-
umnjom 13 XencuHkmja n ogobperwem Etndkor ogbopa UH-
CTMTYTa 3a jaBHO 3gpaBrbe Cpbuije.

tive one. Various serological tests, used in numerous stud-
ies assisted in immunity assessment in vaccinated popu-
lation [2-4]. To get more information and further insights
into this topic, we tested the same samples with WANTAI
ELISA immunoassay for total antibodies detection.

Material and methods

Within the panel study composed of prospective cohort
and three cross-sectional studies, we analyzed results of
total antibodies to SARS-CoV-2 after receiving the booster
dose of 3 different vaccines available in Serbia: BNT162b2
mRNA (Pfizer-BioNtech), Sinopharm BBIBP-CorV (Vero
Cell ®), Gam-COVID-Vac (Sputnik V) from three blood
samples for each of the 193 study participants drawn in in-
tervals (before booster dose, 7 and 28 days after the boost-
er dose). Sample analysis was performed with qualitative
WANTAI ELISA immunoassay (BEING, CHINA) manual-
ly, according to the instruction for use. WANTAI ELISA is
based on the RBD of the S1 subunit of the spike protein of
SARS-CoV-2 virus, measuring total antibodies. The results
were read at the absorbance of 450nm and expressed in
absorbance/cut off ratio calculated for each microplate
separately. If the A/C.O. ratio was <1, the results were neg-
ative, meaning that there were no total SARS-CoV-2 anti-
bodies, and =1 were positive, meaning that the participant
has protective antibodies. [5]. We monitored the increase
of the total antibodies for each vaccine type separately.
Depending on the type of variables and the normality of
the distribution, results were presented as frequency (per-
cent), median (range) and mean (SD). Changes in total
antibodies during the observed period were examined with
a linear mixed effects modeling approach using R pack-
age Ime4 version 1.1-23. Significant independent variables
(p<0.1) in univariate models were included in multivariate
model. Variables “cardiac diseases” and “diabetes” were
excluded from the multivariate model due to collinearity. All
p-values less than 0.05 were considered significant. Sta-
tistical data analysis was performed using IBM SPSS Sta-
tistics 22 (IBM Corporation, Armonk, NY, USA) and R-4.0.0
software (The R Foundation for Statistical Computing, Vi-
enna, Austria). All participants signed an informed consent
for participation in the study, conducted in accordance with
the Declaration of Helsinki and approved by the Ethical
Committee of the Institute of Public Health of Serbia.

Results

Among 193 study participants, 121 (62.7%) were female.
The mean age for all participants was 52.2 (SD 13.8). More
than one third (37.3%) of the participants were current
smokers, while majority were alcohol users (72.4). The
most common comorbidities were cardiac (36.3%), thyroid
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Pesyntatun

Op 193 y4ecHuka y ctyguju, 121 (62,7%) je 6mno xeH-
ckor nona. lNNpoceyHa cTapocT yyecHuka Guna je 52,2
rognHe (CO 13,8). Buwe o tpehuHe (37,3%) yyecHuka
Ounu cy akTMBHU NyLlayy, a BehrHa je Kopuctuna ankoxorn
(72,4%). Hajuewhun komopbuantetn 6unm cy cpyaHe 6o-
nectu (36,3%), 6onectn wrntHe xnesge (10,4%), XxpoHnY-
Ha oncTpykTuBHa 6onect nnyha (XOBI), actma (8,3%) n
anjabetec (5,7%). Kao 6yctep gosa, Hajuewhe npumere-
Ha BakumHa npotue COVID-19 6una je Pfizer-BioNTech,
Kojy je npumuno 141 (73,1%) yyecHuk, ook je 44 (22,8%)un 8
(4,1%) npumuno Sinopharm BBIBP-CorV ogHocHo Sputnik
V, pegom. Xomonora byctep umMmyHu3auumja kopuwheHa je
koa 89 (46,1%) yvecHuka, OOk je xeTeponora kopuwheHa
koa 104 (53,9%).

[MoyeTHa BpegHOCT 3a YKynHa aHTUTena LwecT meceum
HaKkoH NpMMapHe BakuMHaLuuWje CBMM BakuuHama buna je
13,5 (oncer 0,1-16,4), HakoH 7 gaHa 6una je 15,8 (oncer,
0,1-16,6), a HakoH 28 naHa 15,6 (oncer 0,1-16,8). Y Toky
nepuoga McnutMBawa AOLWSO je A0 3HayajHor noBehawa
YKyMHe KoHUeHTpauuje aHTutena (B = 2,042; p < 0,001,
n2 = 0,21). BpegHocT ykynHux aHTutena <1 sabenexeHa
je koa 11 (5,6%) yyecHuka npe npumeHe Byctep aose, ko
3 (1,6%) yyecHuka HakoH 7 gaHa v kog 2 (1,0%) HakoH 28
AaHa of npumeHe byctep aose (cnuka 1).

(10.4%), COPD and asthma (8.3%) and diabetes (5.7%).
Pfizer-BioNTech was the most common COVID-19 vac-
cine used as a booster dose by 141 (73.1%) participants,
while 44 (22.8%) and 8 (4.1%) used Sinopharm BBIBP-
CorV and Sputnik V, respectively. The homologous booster
immunization was used in 89 (46.1%) participants, while
heterologous in 104 (53.9%).

The initial total antibodies after 6 months of the primary
vaccination by all vaccines was 13.5 (range, 0.1-16.4), af-
ter 7 days was 15.8 (range, 0.1-16.6) and after 28 days
was 15.6 (range, 0.1-16.8). During the study period, there
was a significant increase in total antibodies (B = 2.042;
p < 0.001, n2 = 0.21). Values of total antibodies <1 were
recorded in 11 (5.6%) participants before booster dose ap-
plication, among 3 (1.6%) participants after 7 days and 2
(1.0%) after 28 days of booster dose application (Figure 1).
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Cnuka 1. YkynHa aHTuTEena ToKOM nocMaTpaHor nepuoaa.
LipBeHa nuHuja npeactaBrba MeaujaHy BpPeOHOCTU KOH-
LeHTpauuje yKynHux aHTuTena; nnasu Kpyr npeactasiba
Opoj y3opaka ca UCTOM BpefHOLNy KOHLUEHTpauumje ykyn-
HMX aHTUTena.

Figure 1. Total antibodies during the observed period. The
red line represents the median total antibodies values; the
blue circle represents the number of cases with the same
total antibody’s values.
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Hwvje 6uno 3HayajHe pasnuke n3Meny XOMOSOrmx u xeTe-
porormx pexuma 6yctep umyHusaumje (B = -0,522; p =
0,134). MNpunukom npumeHe GycTep O03e y XOMOMOroM
pexumy, NnpoceyHo noBehame KOHLUEHTpauuje YKYNHUX aH-
TuTena 6uno je 3,0 (HakoH 7 gaHa), 4OoK je HakoH 28 fnaHa
N3HOCUIIO 2,7. Y XeTepororom pexunmy, npocevyHo noseha-
H€ KOHLUEHTpaLumje YKynHux aHTutena é6uno je 5,1 (HakoH
7 [aHa), OOK je HaKoH 28 JaHa n3Hocuno 5,4.

KoHayHn mynTtuBapujabunHu mogen ca BpegHoCcTMMa 3a
YKyMHa aHTUTENa kao 3aBMCHOM MPOMEHIBMBOM MOKa3ao
je Aa ctapocT npeko 65 roguHa n 6onecTu WTUTHE Xnesae,
He3aBWCHO jegHa o Apyre, Mory Aa ce noBedy y Be3y ca
HWXMM KOHLIEHTpaLumjaMa yKynHux aHtutena (tabena 1).

TaGena 1. YHuBapujaTHM u MynTuBapujabunHu mogenmu
NMHeapHe — MeLLOBUTE perpecuje ca BpegHoCTMMa 3a
YKyMHa aHTUTena kao 3aB1UCHOM NMPOMEHIbLUBOM

KapaKTepMCTMKe

Characteristics

Mon (k Hacnpam m) / Sex (f vs m)
CrapocHa karteropmja / Age category
18-44

45-64

65+

AxTtnBHu nywas / Current smoking

Ynotpe6a ankoxona / Alcohol use

Ivana Keli¢, Verica Jovanovi¢, Zoran Bukumiri¢, Maja Stosic¢

There was no significant difference between homologous
and heterologous regimen booster immunization (B=-
0.522; p=0.134). When applying the booster dose within
the homologous regimen, the average increase in the total
antibodies was 3.0 (after 7 days), while after 28 days it
was 2.7. Within the heterologous regimen, the average in-
crease in the total antibodies was 5.1 (after 7 days), while
after 28 days it was 5.4.

Final multivariable model with total antibody values as a
dependent variable showed that age over 65 years and
thyroid diseases were independently associated with a
lower levels of total antibodies (table 1).

Table 1. Univariate and multivariable linear-mixed effect
regression models with total antibody values as a depen-
dent variable.

YHuBapujaTHu MynTtuBapwujaTHu
Univariate Multivariate
p-BpeaHocT B p-BpeaHoCT
P-value P-value
0,494 0,200
-0,050 <0,001
Ped. / ref Ped. / ref
-0,755 0,069 -1,392 0,166
-2,130 0,001 -3,654 0,000
-0,304 0,428
-0,255 0,535

UctoBpemeHe 6onectu /| Concomitant diseases

CpuaHa oborbewa* / Cardiac*

XOBIN v actma / COPD and asthma
Owja6etec** | Diabetes™

Bonectu wrutHe xnesae / Thyroid
ManwurHa ob6orbewa *** | Malignant ***
MpenexaH COVID-19 / Previous COVID 19

-1,333 0,004
-1,232 0,049 1,247 0,214
-2,573 0,002
-0,949 0,093 -2,023 0,044
-0,861 0,372
1,142 0,157

BpcTta 6ycTtep nose BakuuHe npotnB COVID-19 / Type of booster dose of COVID 19 vaccine

Pfizer-BioNtech
Sinopharm
Sputnik V

XeTeponorHa 6yctep BakuvHa npotus COVID-19
Heterologous booster COVID 19 vaccinations

*ApTepujcka xvnepTeHsuja, ucxemmjcka bonect cpua 1 cpyaHa
UHCcyduumMjeHunja; ** cBe BpcTe Anjabeteca;
uuje.

*kk

CBe J1oKanmsa-

Ped. / ref Ped. / ref
-0,712 0,095 -0,694 0,488
1,330 0,323 0,836 0,404
-0,498 0,175

*HTA, ischemic heart disease and cardiac insufficiency; **all
types of diabetes; *** all localizations.
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Ouckycwnja

3a pasnuky of Haller nperxogHor ucnutueawa [1], Hu-
CMO npoHalunu pasnuky namehy nosehaHux BpeaHOCTU
YKYMHUX aHTUTENa y UCMUTMBAHUM CEpPyMMMA YYeCHMKa
BakUMHUCaHNX pasnnM4MTum BpcTama BakuuHa. CKopo cBu
cepymu Cy nokasanu BUCOKE BPEOHOCTM YKYMHUX aHTuTe-
na. WANTAI ELISA TecT ykynHux aHTuTena (MMyHOTECT)
nmMa Bpno BUCOKY ceHsutmeHocT (0,95) n cneundpmyHocT
of 0,98 [5], wTto 3Haum ga he TecT Tako BUCOKE CEH3UTUB-
HOCTM [ETEeKTOBaTW! aHTUTENa YaK M ako Cy NpUCyTHa Tek
y ManuMm KonvynHama u Oyro BpeMeHa HakoH LUTO je op-
raHMsam [Jowao y Joamp ca BUPYCOM UNKU BakLMHOM [4].
3axBarbyjyhu oBoj 0COBMHM MMYHOTECTA, CBU YYECHMLM CY
nManu 3HayvajHe KONMUYMHE aHTUTena Ha NodeTKy cTyauje
LITO Ce MOXe MpUnucaTtu Tpajakby MMyHUTETa HaKOH Bak-
UMHaLmje BMLLE Of LUECT MeCeLM HaKOH NpMMapHe BaKuu-
HanHe cepuje.

Y3 70, HACMO MPOHALLNN Pa3nuKy nameny BpegHOCTH yKyn-
HUX aHTUTena Kog Y4YecHuKa Koju cy npumunn oycrtep y
XOMOJIOTMM U XETEPOSIONMM PEXUMMMA, LUTO HAc HaBoau
Ha 3aKrbyyak Aa CBe BaKLMHE UMajy ognivmyaH noteHuumjan
3a nojayaBanwe nmyHuteta. Kao n y gpyrum ctyamjama, u
y OBOM UCMUTMBAHY je NMpoHafheHo fga Ccy CTapocT Mpeko
65 rogmnHa 1 Gonectn TMPOWOHE XINe3ae He3aBUCHU Npe-
OUKTOPU HWXKMX KOHLEHTpaLMja YKYNHUX aHTuTena, WTo ce
BEpPOBATHO [4OBOAM Y BE3y Ca pasnuuMTtMM BpcTama Umy-
Hocynpecuje NPUCYTHUM KOA TakBuX nojeauHaua [6, 7, 8].
Ycnep eKOHOMCKMX OrpaHuyera, HUCMO MOrn fa obyxBa-
TMMO Behun Bpoj y4ecHMKa OBOM aHanv3oMm, na TO KOHCTa-
TYjeMO Kao orpaHunyer-e oBe cTyauje.

3akrby4ak

OBwu pesyntatu ykasyjy Aa, 6e3 063mpa Ha BPCTY BaKUMHe
npotme COVID-19 koja je aHanunsmpaHa: BNT162b2 mRNA
(Pfizer-BioNtech), Sinopharm BBIBP-CorV (Vero Cell®),
Gam-COVID-Vac (Sputnik V) n Ha BpCTY BakuuHanHor
pexuMa Koju je npuMereH, CBe BakuuHe AoHoce obpo-
6uTn ca 3HayajHMM noBeharweM KOHUeHTpauuje YKYMHUX
aHTuTena. CtapocT npeko 65 rogvHa 1 6onectu WTUTHE
Xresge He3aBMCHO Ce [0BOAE Y Be3y Ca HMKOM KOHLEH-
TPaUMjOM YKYMHUX aHTMTena.

3axBanHocT: AyTopu ce 3axBarbyjy NabopaTtopujckom
ocobrby NHCcTuTyTa 3a jaBHO 3gpaBrbe Cpbuje Ha gonpu-
HOCY Y peanusaumjn NCTpaxuBakra.

Discussion

Unlike our previous study [1], we found no difference be-
tween the increased values of total antibodies in tested
sera of participants vaccinated with different vaccine types.
Almost all sera showed high total antibodies values. The
Wantai ELISA TA immunoassay has a very high sensitivity
(0.95) and specificity 0.98 [5], meaning that such a highly
sensitive test will detect antibodies, even if they exist in a
low quantity and after a long period since the body had
an encounter with the virus or vaccine [4]. Thanks to this
immunoassay characteristic, all participants had consider-
able quantities of antibodies at the beginning of the study,
which can be attributed to vaccination immunity duration,
lasting more than 6 months after the primary vaccination
series.

In addition, we found no difference between total antibod-
ies results in participants boosted with homologous or het-
erologous regimens, leading us to the conclusion that all
vaccines have an excellent potential in boosting immunity.
Like other studies, this one found that the age of 65 and
above and thyroid disease were independent predictors of
lower levels of total antibodies, likely connected with the
various types of immune suppression presented in those
individuals [6,7, 8]. Due to costs constraints, we could not
include more participants in the analysis, and we assume
it as limitation of the study.

Conclusion

These results suggest that regardless of COVID-19 vac-
cine types analyzed: BNT162b2 mRNA (Pfizer-BioNtech),
Sinopharm BBIBP-CorV (Vero Cell ®), Gam-COVID-Vac
(Sputnik V) and the regimens applied, all vaccines provid-
ed benefits with the significant increase in total antibody
levels. Age over 65 years and thyroid diseases were inde-
pendently associated with lower levels of total antibodies.
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