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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Vitamin C is a micronutrient with 

immunomodulatory potential, involved in lymphocyte 
differentiation and activation, as well as in the regulation of 
oxidative stress and inflammation. During the COVID-19 
pandemic, interest in its use as a therapeutic adjuvant has 
emerged. However, there is little evidence regarding its effects 
on healthy individuals not infected with SARS-CoV-2.

Methods: A quasi-experimental study was conducted in 
healthy adults without respiratory symptoms who received 
intravenous vitamin C at a dose of 7.5 g for three consecutive 
days. Leukocyte population levels, including CD4+ and CD8+ 
T lymphocytes, were assessed before and after the intervention 
using flow cytometry. Statistical analysis included significance 
tests for pre- and post-intervention differences.

Results: Statistically significant increases in CD4+, CD8+ 
T lymphocyte, and eosinophil levels were observed after 
vitamin C administration. No significant differences were found 
based on sociodemographic variables. The results remained 
within accepted biological variability ranges, supporting their 
consistency.

Conclusion: High-dose intravenous vitamin C may have an 
immunostimulatory effect in healthy individuals, particularly 
on CD4+ and CD8+ T lymphocytes. Controlled clinical trials 
with greater methodological rigor are needed to confirm these 
findings and explore their applicability in immunocompromised 
populations.

Key words. Vitamin C, T lymphocytes, antioxidants, ascorbic acid.
Introduction.

Ascorbic acid, commonly known as vitamin C, is a water-
soluble molecule with multiple physiological functions, whose 
intake has been associated with various health benefits [1]. In 
the oncological context, it has been suggested that, administered 
in high doses intravenously, vitamin C could act as a selective 
pro-oxidant agent on neoplastic cells [2]. However, its main 
biochemical characteristic is its action as a reducing agent, 
which makes it a potent antioxidant [3].

From an immunological perspective, vitamin C plays a 
fundamental role in modulating the immune system. It has been 
described as stimulating the production, differentiation, and 
function of neutrophils, lymphocytes, and phagocytes, cells 
that store high concentrations of this vitamin [4]. Hernández 
et al. reported that vitamin C promotes the proliferation of 
T lymphocytes and natural killer (NK) cells, in addition to 
regulating their effector functions. It is also attributed anti-
inflammatory, antimicrobial, antiviral, and immunostimulatory 

properties, as well as a possible antimutagenic effect [5].
Van Gorkom et al. [6] observed that vitamin C influences the 

function and development of lymphocytes; however, they found 
that leukocyte restoration is slower in deficiency states, which 
could predispose to infections. In turn, Carr et al. [7] detailed 
that this vitamin supports both the innate and adaptive immune 
systems, in addition to acting as an antioxidant and cofactor for 
key biosynthetic enzymes. During states of stress or infections, 
plasma concentrations of ascorbic acid decrease significantly.

Preclinical studies and clinical trials evaluated by Nabzdyk 
et al. [8] highlight the therapeutic potential of vitamin C as a 
modulator of immune cell biology. However, a conclusive 
effect on B and T cell proliferation and differentiation has not 
been demonstrated.

Clinically, intravenous administration of vitamin C at doses up 
to 1.5 g/kg of body weight has shown a favorable safety profile. 
In viral infections such as COVID-19, a significant reduction 
in CD4+ and CD8+ T cells has been documented, along with 
exacerbated immune activation [9-11]. T lymphocytes are 
divided into three main subpopulations: helper (CD4+, which 
activate Th1 and Th2 cells), cytotoxic (CD8+), and regulatory. 
These cells mediate immune responses through cytokines with 
both pro-inflammatory (Th1) and anti-inflammatory (Th2) 
functions.

Since vitamin C may contribute to preventing or modulating 
respiratory and systemic infections, it is important to explore 
its immunological effects. Therefore, the objective of this study 
was to evaluate intravenous vitamin C infusion on T lymphocyte 
stimulation (CD4+ and CD8+) in healthy individuals, as a 
prophylactic strategy potentially applicable to patients with 
respiratory diseases.
Materials and Methods.
Study design:

A two-arm quasi-experimental study was conducted with 
assessment at three points: baseline, first follow-up (day 8), and 
second follow-up (day 15) post-intervention. The objective was 
to evaluate changes in T lymphocyte counts (CD4/CD8) after 
intravenous administration of vitamin C. The duration of the 
study was 30 days in total.
Population and sample:

The study population consisted of 40 people (professors from 
the Escuela de Tecnología Médica and administrative staff of 
the Facultad de Medicina de la Universidad Nacional Mayor 
de San Marcos – UNMSM), between the ages of 19 and 69. 
Participant selection was conducted during the COVID-19 
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pandemic, using virtual invitations via mobile applications, 
phone calls, and institutional email. Sampling was non-
probabilistic by convenience, and 20 participants were assigned 
to the intervention group and 20 to the control group, in order 
of arrival and compliance with inclusion and exclusion criteria.

Inclusion criteria: Faculty and UNMSM personnel of both 
sexes, without symptoms of acute or chronic respiratory illness, 
and without chronic or metabolic disease, who agreed to 
participate in the study and signed the informed consent form.

Exclusion criteria: Teachers with symptoms of acute or 
chronic respiratory illness and/or chronic or metabolic disease. 
Teachers with a previous positive COVID-19 test.
Data collection instruments:

Data collection was conducted using a structured form created 
using Google Forms. The database was built in Microsoft Excel, 
with a unique code assigned to each participant.

Immunological analysis was performed by flow cytometry. 
A cocktail of anti-CD45-Percp, CD3-FITC, CD4-APC, and 
CD8-PE antibodies was used, according to the protocol of the 
Kombitest reagent (Exbio, Czech Republic), processed in a flow 
cytometer Novocyte Advanteon (Agilent, EE.UU.). Cytometry 
data analysis was performed with Infinicyt software, using file 
merging and automatic population separation tools (APS).

Study variables:
Sociodemographic variables (age and sex), clinical variables 

(asthma, high blood pressure, diabetes, obesity, cataracts, 
hypothyroidism, and osteoarthritis), body mass index (classified 
as normal, overweight, or obese), COVID-19 vaccination history 
(number of doses), vitamin C-rich diet (frequency and duration 
of consumption) (Table 1) and immunological parameters 
(absolute CD4 and CD8 lymphocyte counts in peripheral blood) 
were collected. The primary endpoint was the percentage 
change in absolute CD4/CD8 T lymphocyte counts, assessed at 
three time points: baseline, day 8, and day 15 post-intervention, 
categorized according to biological variability scenarios (±10% 
and ±20%).
Procedure:

On day 0 of the study, a blood sample was drawn (baseline 
sample) for T lymphocyte counts (CD4 and CD8). Subsequently, 
the intervention group received a daily intravenous infusion of 
7.5 g of vitamin C dissolved in 100 ml of 9% saline solution for 
three consecutive days. The control group received 9% saline 
solution under the same regimen.

Two additional venous blood draws were performed (days 8 
and 15) to reassess the absolute CD4/CD8 lymphocyte count. 

Characteristics Control (n=20) Vit. C (n=20) P value
Age (years)* 48.5 (24.5) 55 (22.0) 0.279
Women 12 (60.0) 14 (70.0) 0.741
Weight (Kg)* 68 (11.0) 69 (19.3) 0.892
BMI (Kg/m2)* 24.8 (2.8) 25.2 (5.1) 0.735
Categorized BMI     0.483
Normal  10 (50.0) 9 (45.0)  
Overweight 6 (30.0) 9 (45.0)  
Obesity 4 (20.0) 2 (10.0)  
No comorbidity 11 (55.0) 14 (70.0) 0.327
Asthma 1 (5.0) 2 (10.0) 1.000
Diabetes 1 (5.0) 2 (10.0) 1.000
High blood pressure (HBP) 3 (15.0) 2 (10.0) 1.000
Metabolic syndrome 1 (5.0) 0 (0.0) 1.000
Cataract 1 (5.0) 0 (0.0) 1.000
Osteoarthritis 1 (5.0) 0 (0.0) 1.000
Hypothyroidism 2 (10.0) 0 (0.0) 0.487
COVID-19 vaccine doses     1.000
1 dose 1 (5.0) 0 (0.0)  
2 dose 7 (35.0) 7 (35.0)  
3 dose 12 (60.0) 12 (60.0)  
4 dose 0 (0.0) 1 (5.0)  
Diet rich in Vitamin C 14 (70.0) 16 (80.0) 0.716
Days a week with Vit C     0.173
1 day 5 (35.7) 1 (6.2)  
2 to 3 days 4 (28.6) 9 (56.3)  
3 to 4 days 2 (14.3) 4 (25.0)  
Every day 3 (21.4) 2 (12.5)  
* Median (Interquartile Range)
BMI: Body Mass Index
Values ​​expressed in percentage (%)

Table 1. Characteristics of Vitamin C and control groups.
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The samples were transported at room temperature to the 
reference laboratory within a maximum of two hours after 
collection and analyzed by flow cytometry according to the 
described protocol.

Cytometric analysis included cell labeling, sequential gating, 
file merging, population analysis using dot plots, and automatic 
separation of cell subpopulations (Figure 1). Infinicyt analysis 
software was used, and analysis was performed using file 
merging (Table 2). Monocytes (weak CD4+, medium SSC), 
neutrophils, and eosinophils (high SSC, autofluorescence in 
FITC, PE, and Percp) were also evaluated.

Table 2. Immunophenotype parameters to define leukocyte populations.
Leukocyte 
Population Immunophenotypic Profile

T lymphocytes FSC low/ SSC low / CD45+++/ CD3++

T lymphocytes CD4 FSC low / SSC low / CD45 +++/ CD3 ++/ CD4 
++/ CD8-

T lymphocytes CD8 FSC low / SSC low / CD45 ++/ CD3 ++/ CD8 
+/++/ CD4-

T lymphocytes 
CD4+/ CD8+

FSC low / SSC low / CD45 +++/ CD3 ++/ 
CD4+/ CD8+

T lymphocytes 
CD4-/ CD8-

FSC low / SSC low / CD45 +++/ CD3 ++/ 
CD8-/ CD4-

Other lymphocytes FSC low / SSC low / CD45 +++/ CD3-, CD4-, 
CD8-/+d.

Neutrophils FSC medium-high/ SSC high/ CD45+d/ CD3-, 
CD4-, CD8-

Monocytes FSC medium/ SSC medium/ CD45++/+++/ 
CD4+débil

Eosinophils FSC medium/SSC high/ autofluorescence in 
Percp, FITC and PE

Analysis plan:
The percentage changes in absolute CD4 and CD8 lymphocyte 

counts were estimated at two follow-up times with respect to the 
baseline measurement: first follow-up (∆1) and second follow-
up (∆2), using the following formula Δ 1 or 2 = (No. of absolute 
cells t 1 or 2 * 100) / No. of absolute cells tbasal.

Values were transformed using a base-10 logarithm to 
normalize their distribution. Based on the literature on biological 
variability of peripheral blood T lymphocytes, two post hoc 
scenarios were established: one with a threshold of ±10% and 
another with a threshold of ±20%. In both cases, changes were 
categorized as "no change" (≤10% or ≤20%), "increase" (>10% 
or >20%), or "decrease" (<-10% or <-20%).

Numerical variables were described as mean or median and 
standard deviation or interquartile range, depending on their 
distribution. Categorical variables were summarized as absolute 
and relative frequencies.

For bivariate analysis, Fisher's exact test was used for 
categorical variables. Intra-individual comparisons were 
performed using the Student t test for paired samples, and 
between-group comparisons were performed using the Student t 
test for independent samples. Sankey diagrams were constructed 
to visually represent categorical changes across the defined 
scenarios.

Statistical analysis was performed using Stata 17 software 
(StataCorp LLC, EE.UU.) and RStudio. A p value < 0.05 was 
considered significant.
Ethical considerations:

The study was approved by the Research Ethics Committee of 
the Facultad de Medicina de la Universidad Nacional Mayor de 
San Marcos with the approval N. º 05753-R-21 UNMSM. All 
participants were fully informed about the study's objectives, 
procedures, benefits, and risks, and signed informed consent 
prior to participation.
Results.

The baseline characteristics of the participants showed no 
significant differences between the intervention and control 
groups. Overall, 50% of the participants had a body mass index 
within the normal range. In the intervention group, 45% were 
overweight and 10% were obese. Comorbidities were rare, with 
asthma, diabetes mellitus, and high blood pressure reported in 
up to 30% of participants.

Both groups consisted of 20 people each, predominantly 
female (65%) and with a predominantly higher educational 
level (95%). All participants resided primarily in central Lima, 
and none reported smoking. Furthermore, all were vaccinated 
against COVID-19, with 60% of each group having received 
three doses. The majority had no comorbidities and reported 
maintaining a diet rich in vitamin C.

When comparing both groups in the first delta (∆1), a significant 
difference was observed in the CD4+ T lymphocyte count. 
In the second delta (∆2), the significant differences widened, 
also being found in total T lymphocytes, CD4+ lymphocytes, 
CD8+ lymphocytes, and eosinophils (Figure 2). Within the 
intervention group, a significant difference was identified in 
eosinophils between ∆1 and ∆2.

When the biological variability scenario of ±10% was 
applied, significant differences were found between the control 
and intervention groups in Δ2 for total, CD4+, and CD8+ T 
lymphocytes (Table 3). These findings remained consistent when 
the second scenario was applied, with a biological variability 
of ±20%. Furthermore, under this second scenario, significant 
differences were observed in CD4+CD8+ lymphocytes when 
comparing both groups in both Δ1 and Δ2.

Analysis of the longitudinal behavior of the categories 
(increases, decreases, no change) according to the variability 
scenarios showed that individuals in the intervention group 
maintained a consistent trend over time. In the ±10% scenario, 
participants classified as "increased" at Δ1 mostly remained in 
that same category at Δ2. This trend was even more consistent 
in the ±20% scenario, where greater stability was observed in 
the classification of the cell subpopulations evaluated (Figure 3).
Discussion.

This study evaluated the effect of intravenous vitamin C 
administration on certain leukocyte populations, especially 
CD4+ and CD8+ T lymphocytes, in healthy adults without 
respiratory symptoms. Unlike previous studies focused on 
hospitalized patients with acute respiratory illness, this study 
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Biological variability ± 10% Biological variability ± 20%
Difference 1 Difference 2 Difference 1 Difference 2
Control Vit. C   Control Vit. C     Control Vit. C   Control Vit. C  

Lymphocytes 1.000 0.141 0.590 0.138
Decreases 4 (20.0) 3 (15.0) 6 (30.0) 1 (5.0) 4 (20.0) 2 (10.0) 2 (10.0) 0 (0.0)
No change 11 (55.0) 11 (55.0) 7 (35.0) 10 (50.0) 13 (65.0) 13 (65.0) 16 (80.0) 14 (70.0)
Increases 5 (25.0) 6 (30.0) 7 (35.0) 9 (45.0) 3 (15.0) 5 (25.0) 2 (10.0) 6 (30.0)

T lymphocytes 0.409 0.016 0.227 0.029
Decreases 6 (30.0) 2 (10.0) 7 (35.0) 0 (0.0) 4 (20.0) 1 (5.0) 3 (15.0) 0 (0.0)
No change 8 (40.0) 11 (55.0) 8 (40.0) 12 (60.0) 14 (70.0) 14 (70.0) 16 (80.0) 14 (70.0)
Increases 6 (30.0) 7 (35.0) 5 (25.0) 8 (40.0) 2 (10.0) 5 (25.0) 1 (5.0) 6 (30.0)

CD4 lymphocytes 0.219 0.005 0.068 0.014
Decreases 7 (35.0) 2 (10.0) 9 (45.0) 1 (5.0) 5 (25.0) 1 (5.0) 6 (30.0) 0 (0.0)
No change 7 (35.0) 9 (45.0) 8 (40.0) 9 (45.0) 14 (70.0) 14 (70.0) 13 (65.0) 15 (75.0)
Increases 6 (30.0) 9 (45.0) 3 (15.0) 10 (50.0) 1 (5.0) 5 (25.0) 1 (5.0) 5 (25.0)

CD8 lymphocytes 0.841 0.033 0.421 0.010
Decreases 5 (25.0) 3 (15.0) 6 (30.0) 0 (0.0) 4 (20.0) 1 (5.0) 2 (10.0) 0 (0.0)
No change 8 (40.0) 9 (45.0) 9 (45.0) 12 (60.0) 12 (60.0) 14 (70.0) 18 (90.0) 14 (70.0)
Increases 7 (35.0) 8 (40.0) 5 (25.0) 8 (40.0) 4 (20.0) 5 (25.0) 0 (0.0) 6 (30.0)

CD4+CD8+ lymphocytes 0.544 0.356 0.036 0.040
Decreases 7 (35.0) 9 (45.0) 5 (25.0) 6 (30.0) 7 (35.0) 4 (20.0) 5 (25.0) 2 (10.0)
No change 3 (15.0) 5 (25.0) 3 (15.0) 6 (30.0) 3 (15.0) 11 (55.0) 6 (30.0) 14 (70.0)
Increases 10 (50.0) 6 (30.0) 12 (60.0) 8 (40.0) 10 (50.0) 5 (25.0) 9 (45.0) 4 (20.0)

CD4-CD8- lymphocytes 0.841 0.904 0.819 0.251
Decreases 4 (20.0) 3 (15.0) 5 (25.0) 3 (15.0) 3 (15.0) 2 (10.0) 3 (15.0) 0 (0.0)
No change 8 (40.0) 10 (50.0) 4 (20.0) 4 (20.0) 11 (55.0) 13 (65.0) 8 (40.0) 11 (55.0)
Increases 8 (40.0) 7 (35.0) 11 (55.0) 13 (65.0) 6 (30.0) 5 (25.0) 9 (45.0) 9 (45.0)

CD4/CD8 ratio 0.558 0.331 0.605 1.000
Decreases 4 (20.0) 2 (10.0) 7 (35.0) 3 (15.0) 3 (15.0) 1 (5.0) 1 (5.0) 0 (0.0)
No change 14 (70.0) 14 (70.0) 11 (55.0) 13 (65.0) 17 (85.0) 18 (90.0) 18 (90.0) 18 (90.0)
Increases 2 (10.0) 4 (20.0) 2 (10.0) 4 (20.0) 0 (0.0) 1 (5.0) 1 (5.0) 2 (10.0)

DP/DN ratio 0.423 0.050 0.437 0.050
Decreases 11 (55.0) 8 (40.0) 10 (50.0) 9 (45.0) 10 (50.0) 7 (35.0) 10 (50.0) 9 (45.0)
No change 3 (15.0) 7 (35.0) 3 (15.0) 9 (45.0) 5 (25.0) 9 (45.0) 3 (15.0) 9 (45.0)
Increases 6 (30.0) 5 (25.0) 7 (35.0) 2 (10.0) 5 (25.0) 4 (20.0) 7 (35.0) 2 (10.0)

Other 
lymphocytes 1.000 0.366 1.000 0.366

Decreases 6 (30.0) 6 (30.0) 6 (30.0) 3 (15.0) 6 (30.0) 6 (30.0) 6 (30.0) 3 (15.0)
No change 8 (40.0) 7 (35.0) 5 (25.0) 9 (45.0) 8 (40.0) 7 (35.0) 5 (25.0) 9 (45.0)
Increases 6 (30.0) 7 (35.0) 9 (45.0) 8 (40.0) 6 (30.0) 7 (35.0) 9 (45.0) 8 (40.0)

Neutrophils 0.827 0.292 0.827 0.292
Decreases 5 (25.0) 4 (20.0) 3 (15.0) 6 (30.0) 5 (25.0) 4 (20.0) 3 (15.0) 6 (30.0)
No change 11 (55.0) 13 (65.0) 10 (50.0) 11 (55.0) 11 (55.0) 13 (65.0) 10 (50.0) 11 (55.0)
Increases 4 (20.0) 3 (15.0) 7 (35.0) 3 (15.0) 4 (20.0) 3 (15.0) 7 (35.0) 3 (15.0)

Basophils 0.671 0.633 0.671 0.633
Decreases 6 (30.0) 8 (40.0) 5 (25.0) 3 (15.0) 6 (30.0) 8 (40.0) 5 (25.0) 3 (15.0)
No change 2 (10.0) 3 (15.0) 3 (15.0) 2 (10.0) 2 (10.0) 3 (15.0) 3 (15.0) 2 (10.0)
Increases 12 (60.0) 9 (45.0) 12 (60.0) 15 (75.0) 12 (60.0) 9 (45.0) 12 (60.0) 15 (75.0)

Eosinophils 1.000 0.472 1.000 0.472
Decreases 9 (45.0) 9 (45.0) 10 (50.0) 14 (70.0) 9 (45.0) 9 (45.0) 10 (50.0) 14 (70.0)
No change 6 (30.0) 6 (30.0) 2 (10.0) 1 (5.0) 6 (30.0) 6 (30.0) 2 (10.0) 1 (5.0)
Increases 5 (25.0) 5 (25.0) 8 (40.0) 5 (25.0) 5 (25.0) 5 (25.0) 8 (40.0) 5 (25.0)

Monocytes 0.310 0.380 0.310 0.380
Decreases 6 (30.0) 4 (20.0) 9 (45.0) 5 (25.0) 6 (30.0) 4 (20.0) 9 (45.0) 5 (25.0)
No change 7 (35.0) 12 (60.0) 4 (20.0) 7 (35.0) 7 (35.0) 12 (60.0) 4 (20.0) 7 (35.0)

  Increases 7 (35.0) 4 (20.0)   7 (35.0) 8 (40.0)     7 (35.0) 4 (20.0)   7 (35.0) 8 (40.0)  
Values expressed in percentages

Table 3. Biological variability due to differences in times according to control and intervention groups.
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Figure 1. Steps used for the flow cytometry process and subsequent analysis for the detection and characterization of T lymphocytes and their subpopulations. 
Step 1 shows the labeling of each sample for subsequent acquisition in the flow cytometer. Step 2 shows the merging of files for group file analysis, 
because they are files processed with the same sample adjustment and processing technique. Step 3 shows the separation and characterization of 
populations for export in statistical tables. This figure was created using Biorender.

Figure 2 y Sup. 1.  Biological variability in total T lymphocytes, CD4+ lymphocytes, CD8+ lymphocytes, and eosinophils.
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Figure 3. Consistency of findings according to biological variability. Biological variability ± 20% and 10%.
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strategy, given its immunomodulatory properties, low cost and 
minimal adverse effects [17]. Clinical trials and systematic 
reviews have documented benefits in specific populations, such 
as people with vitamin C deficiency or under intense physical 
stress, in whom a lower incidence of respiratory infections 
and a reduction in the duration and severity of symptoms were 
observed [13].

The study has several limitations. The main one is the small 
sample size, which limits the generalizability of the results and 
the statistical power. Furthermore, plasma vitamin C levels were 
not measured before and after the intervention, which would 
have allowed for correlation of immunological findings with the 
compound's actual bioavailability. Another limitation is the lack 
of a placebo group, which may introduce interpretation bias.

Furthermore, although data on diet, lifestyle, and comorbidities 
were collected, these factors, which could influence immune 
response, were not strictly controlled. Recruitment was difficult 
due to the pandemic context, and limited financial resources 
limited the number of tests processed.

Despite these limitations, the findings support the potential 
of vitamin C as a modulator of the adaptive immune response. 
Although its efficacy in the prevention or treatment of specific 
diseases has not been demonstrated to date, several authors 
suggest its use in the management of acute respiratory illnesses, 
sepsis, or septic shock, with high and safe doses exceeding 1 g/
kg of body weight [18].

Elevated immune cell numbers correlate positively with 
enhanced infection defense. These cells play distinct yet 
complementary roles in identifying, attacking, and eliminating 
pathogens. A well-coordinated increase in immune cell activity 
can significantly improve the body's ability to defend against 
infections, including viral disorders like COVID-19.
Conclusion.

This study demonstrates that high-dose intravenous vitamin 
C can stimulate CD4+ and CD8+ T cell production in healthy 
adults, suggesting an immunostimulatory effect in the absence 
of active infection. Although the results are encouraging, they 
should be interpreted with caution due to the small sample 
size, lack of a control group, and lack of measurement of 
immunological functional parameters.
Acknowledgments.

We thank Steev Loyola and Christian Lezmar for their support 
in the statistical analysis.

Sofia E. Romero, ORCID:  https://orcid.org/0000-0001-7974-
0682, 

Jose Antonio Paredes, ORCID:   https://orcid.org/0000-0001-
8242-3098 

Ximena Espillco, ORCID:   https://orcid.org/0000-0003-2900-
5422 

Steev Loyola, ORCID:   https://orcid.org/0000-0001-5455-2423 
Julia Moya, ORCID:   https://orcid.org/0000-0001-6338-154X 
Ricardo Rodriguez, ORCID:   https://orcid.org/0000-0001-

6341-011X
Walter Gomez-Gonzales, ORCID:   https://orcid.org/0000-

0003-0706-7614 
Study conducted at the Facultad de Medicina, Universidad 

Nacional Mayor de San Marcos, Lima, Perú.

provides preliminary evidence of immune modulation in 
subjects without active infection.

Vitamin C has been widely studied for its immunomodulatory 
potential. It is recognized for its role in the differentiation and 
proliferation of T and B lymphocytes, the enhancement of 
phagocytosis in neutrophils and macrophages, and the regulation 
of inflammation and oxidative stress [4,12,13]. 

In this study, statistically significant differences were observed 
in the levels of CD4+, CD8+ T lymphocytes and eosinophils 
after the intervention, reinforcing the immunostimulatory role 
of vitamin C. While the elevation of T cells and eosinophils due 
to vitamin C intake can enhance overall immune function, it is 
important to note that this alone may not be sufficient to provide 
complete protection against viral disorders like COVID-19. The 
immune response to such infections is complex and involves 
multiple factors, including the presence of memory T cells and 
the overall health of the individual. Van Gorkom et al. confirmed 
that T and NK lymphocytes are sensitive especially to the 
effects of vitamin C, while the evidence in B lymphocytes is 
still contradictory [6,14]. Kouakanou et al. reported an increase 
in the expansion of T lymphocytes in the production of gamma 
interferon after supplementation with vitamin C [15].

These results were consistent even when applying margins 
of biological variability (±10% and ±20%), supporting the 
robustness of the findings. However, these effects could vary 
depending on the dose administered, the duration of treatment, 
and the individual characteristics of the participants. In in vitro 
studies, Cerullo et al. described that its action is dose-dependent 
and favors the maturation of precursor cells into functional 
lymphocytes, also modulating the Th2-type immune response 
to Th1 [14]. 

Longitudinal trend analysis showed remarkable stability in the 
immunological behavior of the intervention group, suggesting 
that the effect of vitamin C is not transient and could induce 
a sustained response at least until day 15. This finding is 
particularly relevant considering that, due to its water-soluble 
nature, vitamin C is usually rapidly excreted through the 
kidneys, which limits its time of action in the body.

However, intravenous administration allows higher plasma 
concentrations to be reached than those obtained orally, favoring 
its accumulation in leukocytes and other immunocompetent 
tissues, which could explain the prolongation of the observed 
effect [2]. Furthermore, it has been documented that vitamin 
C plays a fundamental antioxidant role in maintaining the 
intracellular redox state, thus modulating the function of various 
immune cells, including T lymphocytes, and promoting a more 
sustained immune response over time [11].

Although our participants were not acutely ill, the results 
raise the possibility that vitamin C could be considered an 
immunomodulatory tool in populations with immunosenescence, 
mild immunodeficiencies, or in the stages of post-infectious 
recovery. Vitamin C plays a fundamental role in the function of 
immune cells such as neutrophils, T and B lymphocytes, and in 
the integrity of epithelial barriers. It also exerts an antioxidant 
action that protects against damage induced by oxidative stress 
in infectious processes [16]. In older adults or health personnel 
exposed to a high infectious load, its supplementation could have 
immunoprotective benefits and be considered as a preventive 
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Studying how vitamin C affects T cell levels helps us understand 
whether it has a positive impact on the immune response to 
respiratory diseases using flow cytometry. Although there is 
limited and controversial evidence regarding the direct benefits 
of vitamin C in the prevention or treatment of viral diseases, more 
focused research can provide more robust data and guidance 
on its use. This study will pave the way for larger studies and 
the consideration of vitamin C as part of additional therapeutic 
or preventative protocols. Research like this contributes to 
expanding our knowledge of how simple interventions, such as 
vitamin C supplementation, could influence immune health and 
enhance the response to viral diseases like SARS-CoV-2.
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