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ABSTRACT

Background: The manifestations of human immunodeficiency virus (HIV) infection and vitamin B, deficiency overlap each other,
so early diagnosis and intervention is important. The study aims to find out serum vitamin B, level and its association with CD4
and CD8 count, clinical-staging, and hemato-biochemical status in newly diagnosed HIV positive cases. Methodology: Fifty-five
confirmed HIV cases above 18 years of age and equal number of age and sex matched controls were recruited for the study. CD4
and CD8 counts were analyzed by Flow cytometer. Complete Blood Count, Serum vitamin B ,, Folic acid, ferritin, and C-Reactive
Protein (CRP) concentration were done. Results: Serum vitamin B,, was observed to be significantly low in HIV positive cases than
healthy controls with a mean value of 240.62 + 56.75 pg/ml and 317.57 + 52.56 pg/ml, respectively. Decreased CD4 counts with
elevated levels of ferritin and CRP was seen in HIV positive individuals. The subgroup analysis based on the levels of vitamin B,
was directly proportional to CD4 counts. CD8 counts also registered a significant association with serum B, level, yet the response
is not proportionate with the level of vitamin B, deficiency. Nearly one-third of HIV positive cases revealed vitamin B, deficiency.
Conclusion: During the early stage, fast dividing immune cells cause increased consumption of micronutrients contributing toward
vitamin B,, deficiency. It contributes to disorders in methylation affecting the immune function and NK Cell activity which increases
the number of CD8 cells. Hence, vitamin B, is a beneficial immunological modulator of HIV infection and can be a potent game
changer in resource constrained set up.
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Introduction

Human immunodeficiency virus (HIV) infection continues to be
a serious health issue in most parts of the world, with a global
prevalence of 0.7% among adults, the majority being in developing
countries with limited healthcare resources. Approximately 38
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million people ate currently living with HIV.Y Because of its
nature of progression in silence, the disease is usually detected
in late stage.”! HIV infection affects the immune system of
the host affecting components of cellular immunity.) Being a
chronic disease, its progression to acquired immunodeficiency
syndrome (AIDS) is associated with anemia, micronutrient
deficiency like folate and Vitamin B, deficiency and every
possibility is there that the first point of contact for people living
with HIV AIDS (PLHA) will be a primary care physician.

Nowadays, micronutrients have become a part of the
immunotherapeutic approach against cancer, inflammatory
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diseases, autoimmune diseases, etc.’! Recently, vitamin B,
attracted a great proportion of scientific and public interest
because of its complex biological function and its role in
modulating cellular immunity by increasing CD8 and NK cell
activity.’l Patients diagnosed with vitamin B, deficiency have
been reported to have suppressed natural killer cell activity
with a decreased number of circulating lymphocytes.[! Vitamin
B, supplementation has modified these immunological
manifestations with augmentation of CD8 T cell & NK cell
activity. Also, it improves the level of white blood cells and
lymphocytes in rats fed with a low protein diet.” Recently, it has
been suggested by Todorova ef 4/ that vitamin B, could be a
promising immunotherapeutic agent, though immunoglobulin
levels were not found to be affected. As part of the cancer
immunotherapy role of Cobalamin has also been strengthened
as having a positive effect on anticancer defense.”! However, the
overall increase in cancer risk with elevated vitamin B , malkes the

immunological role of vitamin B,, more confusing!""

Decreased serum vitamin B, level has been noted in up to 20%
of patients with AIDS, contributing toward hematologic and
neurologic dysfunction in AIDS."'? Antiretroviral therapy (ART)
initiation has been shown to affect the vitamin B, status of
the patients."*'! Most of these studies have analysed Vitamin
B,, status in late-stage being complicated with tuberculosis,
neuropsychiatric manifestations, etc.'” As HIV infection
manifestations and vitamin B, deficiency overlap each other,
early diagnosis of this vitamin deficiency, and intervention are
important to avoid irreversible damage.'! Primary cate givers and
family physicians have a very important role to play here for early
diagnosis and management of the condition to prevent further
complications. Minimal data are available regarding Vitamin B,
status in HIV cases at an early stage and no study is undertaken till
now in ART naive subjects in this part of the Indian subcontinent.

The objective of our study was to find out serum Vitamin B,
concentration and its association with CD4 and CDS8 count,
clinical staging, and haemato-biochemical status in newly
diagnosed HIV positive cases before initiation of ART.

Methodology

Study design and setting

This study was a case-control study conducted in the Department
of Biochemistry from July 2018 to March 2020 at a tertiary cate
institute of eastern India. Ethical clearance was obtained from
the Institutional Ethics Committee with reference no. IEC/
AIIMS BBSR/PG Thesis/2018-19/14.

Selection of participants

Fifty-five patients above 18 years of age attending Integrated
Counselling and Testing Centre (ICTC) clinic which included
pre-operative cases, clinically symptomatic cases referred by the
clinician and normal or high-risk cases directly walking to the
clinic for HIV testing with a positive screening test (Meriscreen)
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and confirmatory test for HIV (HIV-TRIDOT test) and have not
started with anti-retroviral therapy were included in the study after
getting informed written consent from the participants. Seriously
ill, pregnant women, patients taking vitamin supplements, and
patients not able to answer the questions were excluded from the
study. Fifty-five age and sex-matched, relatives, and attendants of
patients found negative in screening test were enrolled as control
after taking informed written consent from them.

Procedure

A detailed history of the diet with the frequency of intake
of non-vegetarian diet and drug intake was recorded on each
individual’s datasheet. Anthropometric measurements like height,
weight, body mass index (BMI) measurements were done in both
cases and controls. Clinical examination of the patient was also
done before blood collection.

From both cases and controls 5 ml of blood were collected, 2ml
in ethylenediaminetetraacetic acid (EDTA) vial, and 3 ml in a plain
vial in the ICTC clinic itself. CD4 and CD8 counts were analyzed
by Beckman Coulter Navios Flow cytometer, Complete Blood
Count was done using Sysmex XT-4000 hematology analyzer,
Serum Vitamin B,
Advia XP chemiluminescence immunoassay (CLIA) analyzer and

Folic acid, ferritin was estimated with Siemens

C-Reactive Protein (CRP) concentration in serum was estimated
with Beckman Coulter AU480 Autoanalyzer. Quality control was
maintained by using Bio-Rad internal quality control samples daily.

Statistical analysis

Statistical analysis was done with the SPSS-21 version. Paramettic
and non-parametric data were expressed as mean * standard
deviation. Student’s t-test and analysis of variance (ANOVA) test
were used to analyze variables between cases and controls.
Pearson correlation study was implemented for correlation study,
a Pvalue of < 0.05 was taken as significant.

Results

Participant characteristics

In the present study, mean age of the study participants was
found to be 34.4 * 4.4 years. 92.5% patients were martied, 95%
were educated, and employed. Out of all the 55 cases, 87.5%
were chronic alcoholics. 85% of cases were in World Health
Organisation (WHO) staging I and 11, that is, early-stage, whereas
only 15% were in late-stage (WHO III and IV). Most of them
take a non-vegetarian diet frequently. BMI was significantly low
in HIV positive cases in comparison to normal control.

Hematological parameters revealed features of anemia in HIV
positive cases, with a significant fall in Hb%, PCV, MCHC,
total RBC count with a marked rise in RDW CV(%). Absolute
lymphocyte count and absolute basophil count registered marked
fall in comparison to control group. A significant decline in CD4
count with a marked rise of CD8 count resulted in a significant
fall (p < 0.05) in CD4/CDS8 ratio in cases than controls [Table 1].
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Table 1: Hematological and immunological parameters in cases and controls

Parameters HIV positive cases (n=55) HIV negative controls (n=55) P
Hemoglobin (gm/dl) 10.07£2.90 13.63+1.28 <0.001
RBC (million cells/cu.mm) 4.04%£1.03 4.98%0.66 <0.001
PCV (%) 36.09+9.74 42.70+3.76 0.001
MCV (fl) 89.47+11.98 80.6819.43 0.321
MCH (pg) 26.57%3.65 26.95%3.46 0.677
MCHC (gm/dl) 29.74612.04 31.046£1.27 0.004
RDW CV (%) 16.130£2.17 14.313%1.35 0.000
WBC X1000 cells/cu.mm 6.2981+2.60 7.34+1.80 0.076
Absolute neutrophils/cu.mm 3971.55+32.43 4396.331+54.02 0.398
Absolute lymphocytes/cu.mm 1783.50+50.08 2340.33£56.61 0.008
Absolute cosinophils/cu.mm 231.10£28.56 383.00£48.57 0.106
Absolute monocytes/cu.mm 200.33+34.114 194.67+£88.15 0.847
Absolute Basophils/cu.mm 16.40£3.22 31.33+4.87 0.005
PlateletCountX1000cells/cu.mm 228.40175.92 254.37185.02 0.217
CD4 Count (cells/pL) 295.80%+189.93 1005.14£304.87 <0.001
CDS8 Count (cells/pL) 1034.71£760.85 585.58£229.25 0.003
CD4/CDS8 ratio 0.31+£0.19 1.83%0.57 <0.001
“P<0.05 is significant
Significantly low serum vitamin B, , in HIV positive cases (p < 0.05) 400
is seen with a mean value of 240.62 * 56.75 pg/ml [Figute 1]. 317.57
Prominent fall in patients of late-stage reflects fall in Vitamin 350
B,, with disease severity. However, serum folic acid did not _ 300 240,62
register any significant difference. Both ferritin and CRP E '
registered a prominent rise in HIV positive cases than healthy £ 250
controls (p < 0.001), showing an inflammatory response in these T 0o
cases [Table 2]. £

s 150
In our study, 35.45% of HIV infected patients had deficient levels % 100
of serum vitamin B, (<200 pg/ml), 26.09% with a sub-normal @
level of serum vitamin B, (200-300 pg/ml), and remaining 50
38.46% with a normal level of serum vitamin B, , (>300 pg/ml).
Subgroup analysis with different vitamin B, levels documented 0 Cases Controls

a significant parallel graded response with parameters of anemia
like Hb%, PCV, and total RBC. A significant graded parallel trend
was also noticed with absolute lymphocyte count and CD4 count,
but not with CD8 count. However, ferritin and CRP revealed a
proportionate response in inverse direction to vitamin B, value
showing the inflammatory response contributing to the disease
process [Table 3].

Pearson correlation study documented a significant positive
association between Vitamin B, with Hb%, CD4 count and
absolute lymphocyte count reflecting the contributory role of
vitamin B ) on erythropoiesis and lymphocyte turnover in HIV
positive cases.

Discussion

In the present study, majority of cases were within 3050 years of
age group having a male predominance (80%), which belongs to
the sexually active and economically productive age group, similar
to findings by Kumawat ez /., stating that sexual mode to be the
most common mode of HIV transmission, in India. Our study
also revealed the prevalence of males, with male to female ratio
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Figure 1: Serum vitamin B,, concentrations in cases and controls

of 4:1, which may be due to migration of male people in search
of work from village/town areas to other metropolitan cities
and staying away from the spouse for more extended petiods.!
Higher spouse positivity among females was also supported by

the study conducted by Bhandarkar ez a/!*"

We have got 70% of the males and 69.2% of females belonging to
the low socioeconomic group getting their income from unskilled
occupations, as shown by Gupta ez a/.,*” stating that a big window
of opportunity still exists to decrease the transmission of HIV
by improving their socioeconomic class. At the time of diagnosis,
85% of cases were as per WHO clinical staging I & II of illness,
thatis, in the eatly stage of the disease as seen by Sonani e a/.**
whereas at the time of registration, greater than two-third patients
were in early-stage.

BMI is a critical indicator of nutritional status and one of the
strong independent predictors of mortality in HIV-infected

patients. The patients having BMI <18.5 kg/m?* were found to
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have 3-fold higher mortality rates than those with higher BMI,
regatdless of their tuberculosis status.?"! The significantly lower
BMI (p value < 0.05) in HIV positive patients in the present study
with a mean value of 18.22 £ 2.98 kg/m? is being attributed to
their poor nutritional status and viral infection.

Anemia in different grades is one of the commonest
abnormalities seen in more than 50% of HIV patients. It is a
predictor of the death being correlated with the progression of
HIV disease. In the present study, anemia’s prevalence is 52.72%

similar to observations of other researchers.”?

The present study documented the mean level of hemoglobin
in cases as 10.07 = 2.90 gm/dl, which is significantly low
compared to the control group indicating the role of HIV
directly affecting the hematopoietic precursor cells. Mean levels
of RBC, PCV, and MCHC were observed to be significantly
low (p values < 0.05) compared to controls, supporting the
presence of anemia. Multifactorial reasons like inflammatory
cytokines released by lymphocytes, underlying chronic disease,
mixed nutritional deficiencies, opportunistic infections,
malnutrition, malabsorption, vitamin B, , deficiency, etc., might

have contributed towards anemia.'>%

Our study also documented increased red cell distribution
width with a mean value of 16.13 £ 2.17%, indicating a state of
ineffective erythropoiesis, a marker of immunologic outcomes

in HIV positive cases with the underlying inflammatory state by
HIV viral load.”* A significant fall in absolute lymphocyte count

Table 2. Biochemical parameters in the study group

Parameter HIV positive HIV negative P
cases (n=55) controls (n=55)

Vitamin B, (pg/ml) 240.62156.75 317.57£52.56 0.031

Folic Acid (ng/ml) 3.394+2.57 4.59612.44 0.380

Ferritin (ng/ml) 692.00£109.19 76.45118.88 0.001

CRP (mg/L) 18.5+2.5 1.95%0.19 0.001

*P<0.05 is significant

and absolute basophil count in HIV positive cases may be due to
a decrease in the number of CD4+ T lymphocyte as well as the
capture of basophils by HIV for mediating viral trans-infection
of CD4+ T cells as suggested by Jiang ez al*!

The direct cytopathic effect of HIV on CD4+ T cells with the
destruction of the cell membranes leads to immune failure with
accelerated destruction of matured CD4+ T cells. The present
study also documented a significant fall in CD4 count in cases
compared to controls. In the acute stage of HIV infected patients,
there is an incomplete, ineffective expansion of HIV-specific
CD8+ T cells to clear initial HIV infection and set a predictive
viral load set-point with evidence of CD8+ T cell dysfunction.
Being unable to clear the virus in the initial stages of HIV
infection, there occurs a persistent fight between the virus
and the T cells during the course of HIV disease, leading to
deterioration and exhaustion of the CD8+ T cell responses as
seen by Boulassel e7 @/ The present study with a mean CD8+ T
cell count of 1034.71 + 760.85 cells/uL in HIV positive cases is

[ and others with a potential

in agreement with Boulassel ez a/.
explanation for the emergence of a “dysfunctional” CD8+ T
cell population due to the lack of CD4+ T cells during the acute
phase of HIV infection. The CD4/CDS8 ratio of 0.31 £ 0.19 in
these cases is similar to observations of other studies pointing
toward the targeted cell death of circulating CD4 cells with
[2829)

expansion of CD8 cells.

This study registered a mean value of 220.50pg/ml and
180.23pg/ml of vitamin B, in the early stage and late stage of
HIV infection, respectively, stating that deficiency of serum
vitamin B, leads to faster HIV progression. Mean serum
vitamin B, levels were found to be in the subnormal range as
with Semeere ¢/ a/P” having a suboptimal value of 221pg/ml.
However, nearly one-third of HIV positive cases revealed vitamin
B,, deficiency, 26.09% in the sub-normal range, and 38.46%
with a normal range of vitamin B,,. This is in contrast to the
study done by Bruno ¢# 2/P"in 2017, whete the majority of HIV
positive individuals had a normal range of serum vitamin B,

Table 3: Sub-group analysis of altered parameters in HIV-infected cases with relation to serum vitamin B,,

concentration

Parameters Deficient Vitamin B, levels Sub-normal VitaminB , levels Normal Vitamin B, levels P

(<200 pg/ml) (n=24) (200-300 pg/ml) (n=16) (>300 pg/ml) (n=15)
Hb (gm/dl) 9.651+2.62 10.97+2.64 13.59+2.18 0.008
RBC (million cells/cu. mm) 3.784+0.96 4.28+1.13 4.6£0.78 0.239
PCV% 33.411+9.83 37.8319.96 45.02£6.19 0.041
MCV (fl) 99.58+15.08 90.7219.01 88.151+8.81 0.037
MCH (pg) 25.63+2.54 25.942.94 29.91+4.00 0.007
MCHC (gm/dl) 29.16%2.38 29.22+2.06 30.16+1.98 0.530
RDW CV (%) 16.74+1.89 16.08%+2.16 14.62£1.26 0.042
Absolute lymphocytes/cu.mm 1070£600.47 1866.6+890.15 2178.751647.03 0.010
CD4 count (cells/pL) 121.2%£15.06 273.2+141.83 483.2+140.69 <0.001
CD8 count (cells/pL) 392.34125.36 1147.6+804.75 1056.48+375.39 0.012
Ferritin (ng/ml) 1191.14+175.38 437.9+55.87 150.88+16.42 0.006
CRP (mg/L) 27.26%3.11 8.2311.27 3.99+0.18 0.005
“P<0.05 is significant
Journal of Family Medicine and Primary Care 3787 Volume 11 : Issue 7 : July 2022
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with mean levels of 315pg/ml. Multiple factots ate tesponsible
for the low levels of serum vitamin B, in HIV positive patients,
like chronic diarrhea leading to malabsorption, gastric mucosal
damage by HIV and opportunistic infections, and intrinsic factor
due to injury of the gastric mucosa.

During the early stages of HIV infection, due to increased
lymphocyte turnover, fast dividing immune cells cause increased
consumption of micronutrients contributing toward as one of the
etiologies of vitamin B , deficiency in HIV patients. Deficiency
of vitamin B, , contributes to disorders in methylation affecting
the immune function affecting NK Cell activity.? It increases
the number of cytotoxic T cells and also participates in antibody
synthesis. A recent study has also revealed that vitamin B, is a

cofactor of transcriptional regulators and anti-repressors.*!

No significant difference was noted in serum folic acid in
HIV-infected individuals when compared to controls. However,
low serum vitamin B, ) and folate levels affect the composition of
intestinal microbiota in the gastrointestinal tract altering the gut
barrier defense mechanism. With folate, vitamin B, modulate the
immune function by facilitating the production of cytotoxic T
cells, natural killer cells by acting through folate receptor 4 (FR4)

present in T regulatory cells.””!

Our study also registered a significantly high serum
ferritin (p value < 0.05) in HIV positive cases and supported
the observation of other authors that this high serum ferritin
level is associated with immune suppression and low CD4+ T cell
counts in these cases.”! A significant rise in CRP also suggests
that acute inflammation and persistent unresolved infection
might be the reasons for increased CRP levels like ferritin in
HIV positive cases correlating with HIV disease progression
like other studies.””

With sub-groups having deficient, sub-normal, and normal levels
of vitamin B , in HIV positive patients, the trend of association
of vitamin B , with Hb%, PCV%, MCH registered a graded
response in a positive direction and with MCV, RDW in an inverse
way showing the necessity of vitamin B, for erythropoiesis.
Its inverse association with MCV & RDW suggests the role of
vitamin B in the maturation and effective RBC production.
The absolute lymphocyte counts also revealed a similar type of
graded response with vitamin B, ) levels stating that vitamin B,
in HIV cases also supplements the immunomodulatory function
necessary for the replication of immune cells. The proportionate
trend in inverse direction with ferritin and CRP highlights the
association of vitamin B, deficiency in inflammation and immune

response in these cases.[

Direct positive association and proportionate trend of CD4+ T
cell with vitamin B, , reveal a supportive role of vitamin B, on T
helper lymphocyte production and its immunomodulatory role in
HIV positive patients. Though the CD8+ T cell counts registered
a significant association with serum B, | level, the response is not
proportionate to the level of vitamin B | deficiency.
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Conclusion

From this study, we can conclude that vitamin B, is a beneficial
modulator of the immunological and inflammatory status of
HIV-infected patients. It should be included as part of rational
and healthy nutrition in HIV-infected patients to ensure the
proper functioning of the immune system and to avoid future
adverse effects. It may prove to be beneficial in resource
constrained set up to manage a large population of PLHA as
seen in low- and middle-income countries. So, primary care
givers and family physicians must be aware of this beneficial
effects of vitamin B, in the eatly stage so that immediate
intervention cane be done after diagnosis rather than waiting
for the deficiency manifestations to occur after initiation of
ART. This will also reduce the risk of treatment failure. More
prospective studies are needed to have a better understanding
of its causal relationship, the effect of its supplementation on
immune response highlighting immunomodulation triggering
signal pathways in these HIV positive cases.
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