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CD4+ T-Lymphocyte Level as a Predictor
of Seroimmunity Strength to Tetanus
in Adults Living with HIV

Vaccination is the main healthcare measure to control infectious diseases. People living with HIV (PLHIV)
are at greater risk of becoming ill or developing complications from vaccine-preventable infectious diseases.
Tetanus is the most striking example of such an infectious pathology.

Objective — to determine the level of seroimmunity against tetanus and assess the impact of the level of
CD4" T-lymphocytes on the intensity of anti-tetanus immunity in PLHIV to determine optimal vaccination
regimens.

Materials and methods. 90 PLHIV were involved in the study, the average age was (40.1 = 0.9) years.
Determination of the levels of anti-tetanus antibodies was carried out by the enzyme immunoassay method
using the RIDASCREEN Tetanus IgG diagnostic test system (R-Biopharm AG, Germany). CD4* quantita-
tive content of T-lymphocytes was determined using the flow cytometry method with monoclonal antibodies.
Statistical processing was performed using the Statistica v. 6.1 licensed software.

Results and discussion. The research has shown that the median of anti-tetanus antibodies in PLWH was
0.59 (0.28—1.09) IU/mL. The unprotected cohort of PLHIV encompassed 52.2 % (n = 47). We have seen that
restoration of the level of CD4* T-lymphocytes in the context of antiretroviral therapy does not lead to «res-
toration» of specific antitoxic immunity. A reliable direct correlation was established between nadir of
CD4* T-lymphocytes and the degree of intensity of anti-tetanus immunity — r, = 0.42 (p < 0.001). According
to the results of the ROC analysis, it was found that a high risk of lack of immunity against the specified infec-
tious pathology is predicted in case of the decrease of nadir level of CD4* T-lymphocytes less than 106 cells/uL
(test sensitivity — 88.6 %, specificity — 52.9 %, diagnostic efficiency of the criterion — 71.0 %).

Conclusions. The nadir level of CD4* T-lymphocytes < 106 cells/uL according to the result of ROC-ana-
lysis indicates the absence of seroimmunity in PLHIV against tetanus, which justifies booster administration
of tetanus toxoid. Clinicians and the public health system must organize effective strategies, including effec-
tive communication with PLHIV and social services, to effectively implement vaccine prevention goals.
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People living with HIV (PLHIV) may have a
poorer prognosis for vaccine-preventable dis-
eases [1, 3, 5, 8, 16]. On the other hand, modern
treatments using antiretroviral therapy (ART) can
ensure that a person will have an undetectable viral
load, reducing the possibility of severe immuno-
suppression, guaranteeing quality of life and life
expectancy comparable to that of people not

affected by HIV, which results in potentially
increased risk of developing infectious diseases [1,
3, 6, 8]. The potential contraindication of attenu-
ated vaccines containing live pathogens in the
context of severe immunosuppression may contrib-
ute to the uncertainty among medical professionals
in administering vaccines to a defined population
group [2,4,7,9, 10].
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In addition, there is concern about the indications
for vaccination of PLHIV given the limited avail-
ability of data on immunogenicity and efficacy in
this population, which may contribute to hesitancy
in vaccination uptake. Despite the theoretical pos-
sibility of reduced response, available evidence sug-
gests that vaccination of PLHIV helps reduce
hospitalizations and deaths from vaccine-prevent-
able diseases [11, 13, 16, 20].

Vaccination is the main healthcare measure to
control infectious diseases. It is a safe and effective
strategy that has led to a marked reduction in the
mortality rate associated with infectious diseases.
In addition, vaccines can prevent disabilities that
can impair physical and cognitive development in
children. They also protect the health of adults and
the elderly, thus allowing them to live longer and
healthier lives. In addition, vaccination is globally
considered an important strategy to combat emer-
ging infectious diseases by containing or limiting
disease outbreaks and preventing the spread of
antimicrobial resistance [3, 5, 8, 14, 18, 21].

Although the public health benefits of vaccination
are clear, the decline in vaccination adherence and
vaccination coverage observed worldwide in recent
years is a serious concern. According to the defini-
tion of the World Health Organization (WHO),
vaccine hesitancy is among the 10 biggest global
threats to public health [21].

While childhood vaccination programs in devel-
oped countries mostly achieve their goals, adult
vaccination often remains significantly below the
desired coverage level [1, 12, 13, 19].

In addition, the Russian invasion of Ukraine seri-
ously impaired access to vaccines and the implemen-
tation of routine vaccinations due to the destruction
of infrastructure, facilities, equipment, disruption of
supply chains, lack of heat and electricity, thus
increasing the risks of outbreaks of infectious dis-
eases. The materials of the Public Health Center of
the Ministry of Health of Ukraine showed that among
the adult population, the vaccination coverage rate
for diphtheria and tetanus in 2024 — 80.7 %, in 2023
— 52.0 %, in 2022 — 40,2 %, in 2021 — 45.5 % [15].

Despite the existing health risks (especially since
war in the country always poses a high risk of

injury and, as a result, the risk of Clostridium tetani
infection increases proportionally), a study of the
antitetanus serological profile among adult PLHIV
in Ukraine has not been conducted before, which
underscores the relevance of the chosen topic.

Objective — to determine the level of seroim-
munity against tetanus and assess the impact of the
level of CD4* T-lymphocytes on the intensity of
anti-tetanus immunity in PLHIV to determine
optimal vaccination regimens.

Materials and methods

90 PLHIV who are registered in the municipal
Centre for HIV Prevention and Control were
involved in the study. There were 51 (56.7 %)
women, 39 (43.3 %) men, aged from 22 to 60 years,
the average age (M = m (SD)) was (40.1 £0.9) (8.8)
years. None of the participants had a history of
tetanus. Regarding vaccination history: all subjects
received a course of vaccination against tetanus in
childhood, namely: 3 doses of vaccination and 3 do-
ses of revaccination (the last one at age 14 — accord-
ing to the previous national vaccination calendar).
69 examinees (76.7 %) received ART and 21
(23.3 %) did not receive therapy. The median level
of T-helpers (CD3*CD4*, CD4* T-lymphocytes) at
the time of examination was 364.5 (164—510)
(range: 16— 1230) cl/uL, the lowest level (before
the appointment of ART) T-helpers was 67 (43—
126) (range: 5—245) cells/puL.

Determination of the level of antitetanus antibo-
dies was performed by the method of enzyme immu-
noassay using the RIDASCREEN Tetanus IgG
diagnostic test system (R-Biopharm AG, Germany).
The study was conducted according to the manu-
facturer’s instructions. The state of immunity
against tetanus was assessed by determining the
concentration of antibodies in TU/mL. The inten-
sity of anti-tetanus immunity was assessed as follows:
up to 0.1 TU/mL — no protection; 0.1—0.5 TU/mL is
the minimum level of protection; 0.6—1.0 ITU/mL —
average level of protection; 1.1 TU/ml and above —
high level of protection. Table 1 presents vaccination
recommendations against tetanus based on anti-
toxic antibody levels, in accordance with the manu-
facturer’s instructions.

Table 1. Ranking of the intensity of antitoxic immunity against

The level of anti-tetanus IgG antibodies Protection level

Vaccination recommendations

(IU/mL)

<0.1 No protection Basic immunization
0.1—0.5 Minimum level of protection Booster immunization
0.6—1.0 Average level of protection Control after 2 years
>11 High level of protection Control after 5—10 years
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Table 2. Distribution of PLHIV depending on the intensity of anti-tetanus immunity

Immunity Antibody level (IU/mL)

Group

Number of persons (n = 90) yegian antibodies Me
% (La—HQ), IU/mL

n

Against tetanus  0.0—0.5 (no and minimal protection)

47 52.2 0.28 (0.10—0.39) *

> (.6 (medium and high levels)

11 43

47.8 1.48 (1.00—2.50) *

Note. * pU < 0.001.

The quantitative count of T-helpers was deter-
mined by flow cytometry using monoclonal anti-
bodies.

Verification of the diagnosis of HIV infection was
carried out through the detection of HIV-specific
antibodies using ELISA. HIV viral load was deter-
mined in 1 mL of blood plasma using PCR. The stage
of HIV infection was determined according to the
WHO clinical classification.

All examined persons were fully informed about
the scope of diagnostic procedures and gave
informed consent to participate in the scientific
research being conducted in accordance with bio-
ethical norms.

Processing of the study data was carried out with
the help of software products Statistica v. 6.1
(StatSoftInc., serial No. AGAR909E415822FA) and
MedCalc Version 23.02 free trial version (https://
www.medcalc.org/download.php, 2024). Taking into
account the distribution law of quantitative data,
evaluated according to the Shapiro—Wilk test,
parametric and non-parametric characteristics and
methods of analysis were used: for a normal distribu-
tion, the arithmetic mean (M), standard error (i),
standard deviation (SD), Student’s test (t), in other
cases — median (Me), interquartile range (LQ—
HQ), Mann—Whitney test (U), non-parametric
variance analysis of Kruskal—Wallis (H); for com-
parison of relative values — Pearson’s Chi-square
test (y2). The relationship between traits was
assessed by Spearman’s rank correlation coefficient
(r,). To compare indicators in groups of patients with
different levels of antibodies, the odds ratio (OR)
with a 95 % confidence interval (CI) was deter-
mined. ROC analysis was used to assess the prognos-
tic significance of nadir CD4* T-lymphocytes. The
critical level of statistical significance (p) when test-
ing all hypotheses was taken to be < 0.05 [12].

Results and discussion

The study showed that the median level of anti-
tetanus antibodies in PLHIV was 0.59 (0.28—1.09)
IU/mL. A more detailed study of the indicators of
seroprevalence of anti-tetanus antibodies revealed
that the percentage of protected PLHIV (moderate
and high level of protection) was quite low and
amounted to 47.8 % (n = 43). The median of anti-

tetanus IgG in groups with high and moderate
protection was 1.48 (1.00—2.50) IU/mL.

The unprotected cohort of PLHIV (seronegative
and persons with a minimum level of protection)
was 52.2 % (n = 47). The median anti-tetanus IgG
in the group with no and minimal level of protection
(group T) was 0.28 (0.10—0.39) TU/mL, which is
5.3 times lower than in the group with medium and
high levels of anti-tetanus 1gG (group 11) — 1.48
(1.00—2.50) TU /ml (p, < 0.001) (Table 2).

The indicated groups did not differ among them-
selves in the age of patients — (39.9 = 1.4) and
(40.5 £ 1.2) years, respectively, in the I and IT groups
(p, = 0.742). At the same time, significant differ-
ences in gender composition were established
(p,,= 0.022), namely: the number of men prevailed
among the IT group — 24 (55.8 %) versus 15 (31.9 %)
patients in the I group. That is, the risk of low /absent
tetanus immunity in male PLHIV is low (OR = 0.37;
95 % CI 0.16—0.88). This fact can be explained by
such a phenomenon as «natural boosting» (that is,
men more often receive injuries in everyday life with
a violation of the integrity of the skin and, accord-
ingly, receive minor doses of tetanus toxin).

The study showed that taking ART does not
affect the level of anti-tetanus IgG. So, 35 (74.5 %)
patients of the I group and 34 (79.1 %) of the
IT group received ART (p,, = 0.606). The ART
duration was (3.09 £ 0.34) years and (2.85 + 0.34)
years, respectively, in groups I and II (p, = 0.631).
The duration of follow-up in the patient registry
ranged ranged from 1 to 15 years and was on average
(5.13 £ 0.55) years for the patients of the I group
versus (5.33 = 0.59) years for the patients of the
IT group (p, = 0.806). Similarly, the level of viral load
(40 (40—10405) copies/mL and 40 (40—1452
copies/mL) cannot be considered a determinant of
tetanus seroprotection (p, = 0.326).

No significant correlations were found between
the levels of anti-tetanus antitoxic antibodies and
the number of CD4* T-lymphocytes (measured at
the time of the study), as evidenced by the data in
Fig. 1.

Thus, the average levels of tetanus antibody sero-
prevalence ranged from 0.79 (0.31—1.08) IU/mL at
a concentration of CD4* T-lymphocytes below
200 cells/uL (n = 25; 27.8 %) to 0.64 (0.25—
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Fig. 1. Levels of antitoxic antibodies against tetanus
depending on the degree of immunosuppression

1 — CD4* < 200 cells/pL; 2 — CD4* 200—500 cells/pL;
3 — CD4* > 500 cells/pL.

Fig. 2. Nadir levels CD4* T -lymphocytes depending
on the tension anti-tetanus immunity

Table 3. Distribution of PLHIV receiving ART, depending on antitetanus serological profile

Number of persons (n = 69) Median antibodies

Immunity Antibody level (IU/mL) Subgroup

n % Me (La—HQ)
Against 0.0—0.5 (no and minimal protection)  TA 35 50.7 0.28 (0.13—0.39)*
tetanus > 0.6 (medium and high level) IIA 34 47.3 1.51 (1.0—2.80)*

Note. *pU < 0.001.

1.50) IU/mL and 0.42 (0.15—1.09) IU/mL at levels
of CD4" cells 200—500 cells/pL (n = 42; 46.7 %)
and above 500 cells/uL (n = 23; 25.5 %), respec-
tively (according to the Kruskal—Wallis test
(H =0.476; pH = 0.788).

Subsequently, it was established that the presence
of immunological protection against tetanus in
PLHIV is associated with a potentially higher num-
ber of T-helpers at the start of ART compared to
the indicator in the group of persons with no/low
level of protection. This is confirmed by a reliable
direct correlation between nadir CD4* T-lympho-
cytes and the degree of intensity of anti-tetanus
immunity, r, = 0.42 (p < 0.001).

In order to study the nadir of CD4* T-lympho-
cytes as a prognostic factor for the duration of post-
vaccination immunity against tetanus among
PLHIV receiving ART (n = 69), the defined sample
was similarly divided into 2 subgroups depending
on the level of the anti-tetanus serological profile
(Table 3).

In the IA subgroup with absent and low anti-
tetanus immunity (n = 35; 50.7 %), the median of
antibodies was 0.28 (0.13—0.39) IU /mL. In the ITA
subgroup with a sufficient level of protection
(n = 34; 47.3 %), the median anti-tetanus IgG was
1.51 (1.0—2.80) TU/mL.

Considering the nadir levels of T-helpers in the
specified subgroups, the following results were
obtained: the average number of cells in patients of
the TA group (50.0 (23.0—100.0) cells/uL) was
2.3 times less compared to patients of the ITA group
(114.5 (50.0—150.0) cells/uL, p, < 0.001) (Fig. 2).

In order to predict the risk of immunological
vulnerability of PLHIV against tetanus, ROC
analysis was performed. According to the result of
which it was established that a high risk of lack of
immunity against the specified infectious patho-
logy is predicted when the nadir level of T-helpers
decreases to less than 106 cells/uL (AUC area =
=0.741 (0.622—0.839), p < 0.001, which provides
test sensitivity of 88.6 %, specificity of 52.9 %,
diagnostic efficiency of the criterion of 71.0 %.
(Fig. 3).

Therefore, the levels of anti-tetanus IgG antibod-
ies among adult PLHIV are far from optimal; this is
due to the fact that tetanus toxoid is an antigen that
induces a strong T-cell specific immune response.
That is why both the immune response and the
duration of adaptive immunity directly depend on
the state of the T-cell line. Also, we saw that the
restoration of the level of CD4* T-lymphocytes on
the background of ART does not lead to «restora-
tion» of specific antitoxic immunity.

ISSN 2220-5071 (Print), ISSN 2522-1094 (Online) ® Ty6epkynbo3, nereHesi xsopo6u, BIN-indekuin ® N2 2 (61) ® 2025

45



OPUTTHAJIBHI IOCII/DKEHHA / ORIGINAL RESEARCHES

T-helper (nadir), cells/mL

1004 H
I SEEE
30 Sensitivity: 88.6
N r=4  Specificity: 52.9
H Criterion: < 106
1
z T
Z 604 "
= 1
2 -
3] r==
2] 1
40 — ! jf
AUC =0.741
p<0.001
I I I
40 60 80 100

100-Specificity

Fig. 3. ROC curve of the nadir CD4* T-lymphocyte levels
in determining the risk of immunity against tetanus
in PLHIV receiving ART

The study showed that a significant part of
PLHIV is vulnerable to infectious pathology that
can only be prevented by immunoprophylaxis. It
provides a complete picture of the low level of teta-
nus seroimmunity among the risk group.

The obtained results demonstrated that PLHIV
with impaired humoral immunity require booster

No conflict of interest.

administration of tetanus toxoid to achieve adequate
and sustainable protection against tetanus.
Understanding the barriers and prospects for
routine vaccination of PLHIV is vitally important
for this population group. A comprehensive assess-
ment of population immunity against tetanus will
help inform the public health system about the
effectiveness of immunoprevention programs, as the
current approach has shown ineffectiveness in
achieving immunization goals. Therefore, it is neces-
sary to make efforts for careful monitoring of the
vaccination status of vulnerable population groups.

Conclusions

The nadir level of CD4* T-lymphocytes
<106 cells/pL according to the result of ROC-ana-
lysis indicates the absence of seroimmunity in
PLHIV against tetanus, which justifies booster
administration of tetanus toxoid.

The low level of anti-tetanus immunity among
PLHIV who are under regular medical control
indicates deficiencies in the implementation of
immunoprophylaxis, which causes the strengthening
of vaccination advocacy among this category of
patients.

Clinicians and the public health system must
organize effective strategies, including effective
communication with PLHIV and social services, to
effectively implement vaccine prevention goals.

Authors’ participation: research concept and design, material processing, statistical data processing, writing text — V.V. Mavrutenkov,
H.O. Revenko; collection of material — H.O. Revenko; text editing — V.V. Mavrutenkov.
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B.B. MaBpyteHkos, I.0. PeBeHko
[HinpoBCbKNit fepxaBHUit MeanyHKii yHiBepcuTeT, IHinpo

PiBexb CD4* T-niM@pounTiB AK ITPEAUKTOP HAPYKEHOCTL CEPOIMYHITETY
110 TIPaBLA B JOPOCAUX NIOAEN, AKL KUBYTD 13 BIJI

Bakiunariist € 0CHOBHIM 3aX0/I0M OXOPOHH 3/I0OPOB’s [IJIsT KOHTPOJTIO iHMEKIIHHNIX 3aXBOPIOBaHb. JItoau,
K1 KUBYTB i3 BipycoM imyHoaedinuTy moautu (JIZKB), MatoTs GiIbINil pU3UK 3aXBOPITH Ha iH(MEKIAHI
3aXBOPIOBaHHsI, SIKUM MOKHA 3alobirTH 3a JOTIOMOTOI0 BaKIMH, ab0 IXHBOTO YCKJIAJHEHOTO mepeoiry.
[IpaBenp — HaiisickpaBimmii TPUKIA]] TAKOI iH(EKITIITHOI TTaToJIOoTi1.

Mema po6omu — ycTaHOBUTU PiBeHb CEPOIMYHITETY MPOTH IpaBId Ta OIIHUTU BILUIUB BMICTY
CD4" T-nmimoruTiB Ha HAIPY>KEHICTh MPOTUTIPaBIieBoro iMyHiTeTy B JIKB 1715 BUsHauenus ontnMaib-
HUX CXeM BaKI[MHAIII.

Mamepianu ma memoou. Y nociimkenns Oyno sanydeHo 90 JIDKB, cepenniil BiK SIKHX CTaHOBUB
(40,1 = 0,9) poxy. Busnauentst piBHs IPOTUTIPABIIEBUX aHTHUTLJI TPOBOIUIN METOIOM iMyHOMDEPMEHTHOTO
anautizy 3 Bukopucranisam miarnoctuynoi tect-cuctreMu RIDASCREEN Tetanus IgG (R-Biopharm AG,
Himeuuyuna). Kimpkicnuit Bmict CD4* T-mimdoruTiB Bu3HAYaIu 3a JOIOMOTOI0 METOAY IPOTOYHOI
[IUTOMETPIT 3 BUKOPUCTAHHSIM MOHOKJIOHAJIbHUX aHTHTLL. CTatucTidry 06poOKY MPOBOAUIN 32 JA0MOMO-
ToI0 Jlillen3iitHoi mporpamu Statistica v. 6.1.

Pesynvmamu ma 06206opents. YcTaHOBJIEHO, IO MeliaHa nmpotunpasiesux antuTiay JIDKB cranoBu-
ga 0,59 (0,28—1,09) MO/mi. Hesaxumiena xoropra JIDKB — 52,2 % (n = 47). BizHoBieHHS piBHs
CD4* T-mimornuTiB Ha T aHTUPETPOBIPYCHOI Tepartii He CHPUYUHSAIO <«BiHOBJIEHHS» CIHEI(hIiYHOTO
AHTUTOKCUYHOTO iMyHiTETY. BUSBIEHO CTATUCTUYHO 3HAYYIIHIL TIPSIMO IIPOMOPLIHHII 3B’ 130K Mix nadir
CD4* T-nimcormuTiB i cTynenem HampyskeHOCTI TpoturipasiieBoro imyHitery (r, = 0,42; p < 0,001). 3a
pesyasratoM ROC-ananisy 3’sicoBaHo, 1110 BUCOKHI PU3KK BiICYTHOCTI iMyHiTETY IIPOTH 3a3HaveHoi iHpeK-
IiiHOT maTosorii mporHo3yeThest mpu 3urmkerHi pisast nadir CD4* T-mimbormris < 106 xi1/mMrir (ayTim-
BicTb TecTy — 88,6 %, crienudiunicts — 52,9 %, piarnoctnyna epekruBHicTs Kputepiio — 71,0 %).
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Bucnosexu. Pisens nadir CD4* T-nimdornutis < 106 xki1/mMki 3a pesysrarom ROC-anastisy cBiauTsb mpo
BijicyTHiCTD cepoimyHitery nipotu mpasiist B JIZKB, 110 o6rpyHTOBYE OycTepHe BBEIEHHS ITPABIIEBOTO aHa-
ToKcuny. KiHimeTn Ta cucteMa rpoMaicbKoTo 37I0POB’ST MaIOTh OpPTaHi3yBaTu e(peKTUBHI CTPaTeETii, 30Kpe-
Ma 1tigHy KoMyHikaitito 3 JIXKB Ta comiamsauMu cary:kbamu, st peasnisaitil 1ijieid, oB’si3aHuX 13 BaKIu-
HOTIPO(iTaKTUKOTO.

Knrouoei cnosa: BlJl-indexilis, ceponpeBajieHTHICTh, CEPOIMYHITET, ipaBellb, CD4" T-rimMdonnTu, Bak-
IIMHAIIST, QaHATOKCHH.
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