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Abstract

Introduction: Relationship of ratio of monocytes to lymphocytes with vitamin D may predict the risk of
development of tuberculosis in close family members of tuberculosis patients. Aims and objectives: A cross-
sectional study was designed to find out the levels of circulating vitamin D levels and monocytes, lymphocyte,
ratio of monocytes/lymphocytes ratio and in active tuberculosis patients and close family members. Material and
Methods: Among 90 subjects, 45 were diagnosed tuberculosis patients while 45 subjects were adult family
member residing with and taking care of diagnosed tuberculosis patients. 40 normal subjects were taken as a
control group. Values of Circulating monocytes, lymphocytes, ratio of monocytes to lymphocytes were
estimated by SWISS Max analyzer. Level of vitamin D was estimated by ELISA. Results: Most of the first
degree relatives were male with mean age 26.65 years, residing in populous area with one close contact having
tuberculosis. Prior history of TB was observed in four family members. This study exhibits significant
difference in monocyte lymphocyte ratio and vitamin D levels in the three groups. A significant statistical
correlation was observed in patient’s monocyte, lymphocyte count but non-significant correlation was observed
between Monocytes/Lymphocyte ratios (ML) and vitamin D. Conclusion: Increased values of circulating
monocytes, lymphocyte and their ratio, along with decreased levels of vitamin D was observed in TB patients
followed by family members residing with tuberculosis patients. However, no association of vitamin D with ML

ratio was noted.
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1. Introduction

Tuberculosis (TB) contributes to the causes of morbidity and mortality worldwide. About 1/3rd people of world
are infected with Mycobacterium tuberculosis. Family members or first-degree relative residing with diagnosed
tuberculosis patients may have a chance of getting infection, which is termed as latent tuberculosis infection
(LTBI). This condition causes a constant immune response that ismotivated by antigens of Mycobacterium
tuberculosis without any sign and symptoms of active form of TB. The risk of LTBI is found to be 5.0-10.0 %
[1.2].

Relationship of number of circulating monocytes/lymphocytes or the ratio of monocytes to lymphocytes (ML
ratio) was discussed by some studies and proposed that these parameters may predict the risk of development of
TB in immune-compromised subjects/family members of TB patients [3,4]. It is highlighted that the high ratio
of ML is related with variation in transcription of gene in monocytes that may alter the anti-microbial function
of monocytes.The ratio of ML may therefore be an indicator of latent form of TB [5,6].Additionally, impairment
in the function of monocytes may change crosstalk with circulating lymphocytes and adaptive immune
responses [7].

Vitamin D deficiency was seen in TB patients. Vitamin D play an important role in immune system through the
receptors present on macrophages and monocytes[8]. It is found that vitamin D endorses the process of
autophagy in circulating monocytes as well as promoting antibacterial activity related with the environment via
production of reactive oxygen species®. However, some reports showed no effect of vitamin D on CD4+ T-cells

(the cells play a role in immune system)[9,10].

Tuberculosis is a major health problem in Pakistan with high prevalence and its rate increasing with time due to
high drug resistant tuberculosis[11].According to a Pakistani study, the cut off value of circulating vitamin D is
less than 30 ng/mL, whereas values between 10 to 30 ng/mL were taken as inadequate and deficient level of
vitamin D[12]. Deficiency of vitamin D in patients with pulmonary TB is related with increased risk of
developmening an active form of tuberculosis[13].However,the supplementation of vitamin D non-significantly
decreased the count of lymphocytes in TB patients[14].

This disease has been eradicated in majority of developed countries, yet it is still prevalent in Pakistan to this
day. Most of the people are not aware of their illness and spread it to others who are in close contact with them.
Those who are diagnosed develop multidrug resistance due to patients not complying to the treatment.T herefore,
there is a need to improve the investigative tools which are simple and cost effective. This may help in

preventing the spread of this diseases and provide supplemental therapy to improve management.

Across-sectional study was designed to find the levels of circulating monocytes and ratio of circulating
monocytes/lymphocytes in diagnosed tuberculosis patients and family membersresidingwith and taking care of
them. We also tried to compare and correlate the ratio of monocytes to lymphocytes with Vitamin D in

diagnosed tuberculosis patients and their family members.
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2. Objective of the study

The objective of the study was to

1.Evaluate the circulating Monocytes to Lymphocytes ratio and Vitamin D levels in active tuberculosis

patients and in close relatives residing with them

2. To determine the correlation between M/L ratio and Vitamin D levels in them

3. Patients and Methods

A total of 90 subjects were enrolled in this study by the Department of Medicine of Lahore General Hospital.
Diagnosed tuberculosis patients under treatment for three months (Group A) were told to bring one family
member who is living with and taking care of them (Group B) for participation in the study which may help
them screen for any possible latent tuberculosis. Adult patients of both genders (18 -75 years) were recruited in

the study.

Among 90 subjects, 45 were diagnosed tuberculosis patients (Group A) with a duration of TB three months
(confirmed by Tuberculin test and sputum for AFB) while 45 subjects were adult family member residing with
and taking care of diagnosed tuberculosis patients(Group B). 40 subjects with no history of any disease or
family history of tuberculosis were taken as controls (Group C). Sample size was calculated with Raosoft Inc.

Study was carried out in Biochemistry Department of Shalamar Medical & Dental College, Lahore.

Diagnosed tuberculosis patients and their family members (One of each patient) residing and taking care of
them were included in the study. Those with other respiratory disorders or inflammatory disease including
cardiovascular disease, cerebrovascular disease, arthritis, malignancy were excluded from the study.
Questionnaire based studyproforma was used to collect relevant information. Informed consent was recievedand
the study was approved by Institutional Review Board Shalamar Medical and Dental College. This study was

explained to them withthe benefits and risksdescribed in detail by the Principle Investigator.

4. Study Protocol

Three ml of fasting blood sample was drawn and collected in EDTA tubes for estimation of values of circulating
monocytes, the ratio of monocytes to lymphocytes and vitamin D in both patients and family members. Values
of circulating monocytes and the ratio of monocytes to lymphocytes were estimated by the SWISS Max
analyzer. For estimation of levels of vitamin D, blood sampleswere centrifuged for 15 minutes at 1000 x g at 2 -
8°C andplasmawas stored at -20°C until use. Level of vitamin Dwas estimated by ELISA. The cutoff value

vitamin D was taken as<20 ng/ml [15].

5. Statistical Analysis

Results were analyzed by SPSS 23. Qualitative data wasexpressed as a frequency. Quantitative variables were
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expressed as mean = SD. ANOVA and Post-hoc test was applied to determine the difference in values between
active TB patients, their family members and healthy subjects (controls). P< 0.05 was taken as statistically
significant difference.Correlation of vitamin D with ratio of M/L was carried out by Pearson correlation co-
efficient.

6. Results

According to demographics of first degree relative of TB patients, most of the first degree relatives (FDR) were
male with mean age 26.65 year. Most of the family members live in a populous area with one being in close
contact with a person with active TB. There was no history of BCG and worms in them. Previous history of TB
was observed in 04 family members who are in close contact. However Tuberculin test was positive but AFB

was negative in family members (Table 1).

Significant difference was observed in serum vitamin D, mean lymphocyte count and M/L ratio amongst three
groups (P<0.000 and P<0.005) (Table2).

Significant correlation was detected between monocytes, lymphocytes, and ML ratio in patients (group A) but
non-significant correlation exists between them and vitamin D (Table 3& Fig 1a). Significant correlation was
observed between monocyte count and lymphocyte count and monocyte count with ML ratio in family members
(Group B)(Table 4& Fig 1b, 1c).

7. Discussion

Latent tuberculosis infection (LTBI) is a forerunner of the active form of tuberculosis, usually observed in a first
degree relative or family member (caretaker). In latent TB infection,the Mycobacterium tuberculosis organism
is present in its dormant form in host.Subjects with LTBI are usually non-infectious and asymptomatic, although
these subjects may have risk of developing TB in the future [16,17]. The risk of developing infection with TB

may be increased with deficiency of vitamin D as this vitamin may have a role in preventing the infection[18].

According to our study the mean age of family members was 26.65 %. A study found majority of family
membersunder 30 years old suspected with LTBI were four times more at risk of developing latent TB than
those who had no family history of infection of TB[19]. It is proposed that risk of TB infection from close
related subjects and community rose with age[20]. We also agreed with a study who found that prevalence rate

of LTBI was higher in male as compared to female [21].

TB infection in developing country may be due to poor diet and unhygienic conditions may play important role
in causing tuberculosis rather than family history in our settings. A study demonstrated that there was a higher
risk of developing TB in family membersliving in populous areas compared with ones living in low populous
areas [22].. Another study emphasized the role of genetic factors and spread of infection through coughing
[23]. On the other hand, a study found that most of LTBI subject were those who were not in contact with TB
patients. This study suggested that coverage ofscreening TB exposed subjectsmust be extended to individuals

who are living in boarding houses and urban slums [24].
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We also agreed with a study who observed increased values of T-lymphocytes, in both LTBI and active form
TB. It is suggested that in LTBI subjects there is an increase activation of T-cells without an activation of
monocyte related cells, while in active form of TB, there is markedly elevation of markers of both lymphocyte
and monocyte. It is suggested that non-replicating and replicating bacteria may drawvaried immune

responses[25].

We assented with a study who found significantly high ratio of monocytes to lymphocytes of TB patients as
compared to LTBI subjects. This study proposed that the increased expression of CD64 on blood monocytes
along with ratio of MLin active form of TB subjects may be an added predictor for diagnosis the infection of
TB. MLR also help to improve the specificity of the asymptomatic features of LTBI and TB patients [6,26].

We observed that between groups and within groups, values of vitamin D displayed a significant difference. A
number of studies reported that vitamin D deficiency is a risk factor for developing TB. It is proposed that
vitamin D has immuno-modulatory characteristics and having it in alow level(< 30.0 nmol/l) may increase the
risk of airway infection [27,28]. Besides, metabolites of Vitamin D can raise the innate antimicrobial response to
T cell-mediated interferon-y. Additionally,vitamin D blocks the secretion and expression of various
inflammatory mediators and extracellular matrix, degrading enzymes driving immunopathology during the state
of active TB. A study found that Adjuvant Therapy of vitamin D in TB patients may decrease lung infection and
increase the cavitation and thereby reduce the risk of transmission and prevent relapse [29]. Another study found
supplementation of vitamin D; also raised the ratio of ML (predictor of healing lesion)as well as reduce the

values of acute phase markers, C-reactive protein, erythrocyte sedimentation rate, etc[30].

We observed a non-significant negative correlation between vitamin D and ML ratio. An associationbetween
deficiency of vitamin D and a high risk of infections (increase monocyte, lymphocyte, and ratio of ML) with
mycobacterium tuberculosis was also observed by a study[31]. However,a different study found a negative
association of vitamin D with lymphocyte, and a positive association with lymphocyte:monocyte ratios in
peripheral blood[32]. It is demonstrated that vitamin D exerted anti-inflammatory actions and enhanced the ratio
of ML in peripheral blood[28,33] which may have a role in the prevention of M. tuberculosis infection due to

the presence of its receptor on nearly all cells of the immune system[34].

8. Conclusion

Increased values of circulating monocytes, lymphocyte and their ratio along with decreased levels of vitamin D
was observed in TB patients followed by family members residing with tuberculosis patients. However no

association of vitamin D with monocyte, lymphocyte and ML ratio was observed.

9. Recommendations

Close contacts with TB patients were found to be risk of developing TB in family members especially care
takers. It is suggested that subjects who are family member and a close contact with TB patients should be

rapidly screened, diagnosed, and monitored. It may help to eliminate TB from country.

62



International Journal of Applied Sciences: Current and Future Research Trends (IJASCFRT) (2022) Volume 14, No 1, pp 58-65

Acknowledgments

We owe thanks to Ms Ayla Siddiqgi (Third year junior college student Texas Christian University, USA) for
proof reading the manuscript. We are thankful to Mr Nouman and Mr Fiaz for technical Assistance

10. Limitations

In this study, family members with age < 18 year were not included. As the study plan was cross-sectional, the
precise relationship between vitamin D, ML ratio into patients of TB and LTBI in large number of people was
not determined.

11. Authors’ Contributions

Rukhshan Khurshid: Manuscript writing

Anila Jaleel : Study Design and Data interpretation
Kiran Namoos :Data collection

Sadaf Saleem Uppal: Literature search

12. Conflict of Interest

None

13. Funding source

None

References

[1]. Kiazyk S, Ball TB. Latent tuberculosis infection: An overview. Can Commun Dis Rep. 2017;43(3-
4):62-66.. d0i:10.14745/ccdr.v43i34a01

[2]. Paik S, Kim JK, Chung C, Jo EK. Autophagy: A new strategy for host-directed therapy of
tuberculosis. Virulence. 2019;10(1):448-459. doi:10.1080/21505594.2018.1536598

[3]. Agarwal A, Bhat MS, Kumar A, Shaharyar A, Mishra M, Yadav R. Lymphocyte/monocyte ratio in
osteoarticular  tuberculosis in children: ahaematological biomarker revisited. Trop Doct.
2016;46(2):73-7 doi: 10.1371/journal.pone.0171358

[4]. Petruccioli E, Navarra A, Petrone L, Vanini V, Cuzzi G, Gualano G et al. Use of several
immunological markers to model the probability of active tuberculosis. DiagnMicrobiol Infect Dis.
2016; 86(2). DOI: 10.1016/j.diagmicrobio.2016.06.007

[5]. Lastrucci C, Bénard A, Balboa L, Pingris K, Souriant S, Poincloux R, et al. Tuberculosis is associated

with expansion of a motile, permissive and immunomodulatory CD16" monocyte population via the

63



International Journal of Applied Sciences: Current and Future Research Trends (IJASCFRT) (2022) Volume 14, No 1, pp 58-65

[6].

[7].

(8].

[9].

[10].

[11].
[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

IL-10/STAT3 axis. C. Cell Res. 2015;25(12):1333-51.doi: 10.1038/cr.2015.123

La Manna MP, Orlando V, Dieli F, et al. Quantitative and qualitative profiles of circulating monocytes
may  help  identifying  tuberculosis  infection and  disease  stages. PLoS  One.
2017;12(2):e0171358.doi.org/10.1371/journal.pone.0171358

Naranbhai V, Fletcher HA, Tanner R, O'Shea MK, McShane H, Fairfax BP, et al. Distinct
transcriptional and anti-mycobacterial profiles of peripheral blood monocytes dependent on the ratio of
monocytes: lymphocytes. EBioMedicine. 2015;2(11):1619-26.DOI: 10.1016/j.ebiom.2015.09.027
Nikanfar S, Rashedi J, Mahdavi B and Mohammad A. “Vitamin D and Tuberculosis Patients”. EC
Pulmonol&Resp Med 2018;7: 466-476.

Sudfeld CR, Wang M, Aboud S, Giovannucci EL, Mugusi FM, Fawzi WW. Vitamin D and HIV
progression ~among  Tanzanian  adults initiating  antiretroviral  therapy. PLoS  One
2012;7(6):e400360i.0rg/10.1371/journal.pone.0040036

Giacomet V, Vigano A, Manfredini V, Cerini C, Bedogni G, Mora S, et al. Cholecalciferol
supplementation in HIV-infected youth with vitamin D insufficiency: effects on vitamin D status and
T-cell phenotype: a randomized controlled trial. HIV Clin Trials 2013; 14(2):51-60. doi:
10.1310/hct1402-51

WHO Global tuberculosis report 2017(2017)Geneva, Switzerland

Azam F, Shaheen A, Arshad R. Frequency of hypovitaminosis D and its associated risk factors in
newly diagnosed pulmonary tuberculosis patients. Pak J Med Sci. 2016;32(2):480—
484doi: 10.12669/pjms.322.8996

Junaid K and Rehman A. Impact of vitamin D on infectious disease-tuberculosis-a review.Clin Nut
Exp 2019; 25: 1-10https://doi.org/10.1016/j.yclnex.2019.02.003

Afzal A, Rathore R, Butt NF, Randhawa FA. Efficacy of Vitamin D supplementation in achieving an
early Sputum Conversion in Smear positive Pulmonary Tuberculosis. Pak J Med Sci. 2018;34(4):849—
854. DOI: 10.12669/pjms.344.14397

Roomi MA, Lone KP, Madassar A. Vitamin D and cardiometabolic risk factors in adult non-diabetic
offspring of type 2 diabetic parents. JPMA 2014 64(11):1229

Collin SM, Wurie F, Muzyamba MC, et al. Effectiveness of interventions for reducing TB incidence in
countries with low TB incidence: a systematic review of reviews. Eur Respir Rev.
2019;28(152):180107. d0i:10.1183/16000617.0107-2018

Furin J, Cox H, Pai M. Tuberculosis. Lancet. 2019;393(10181):1642-1656. doi:10.1016/S0140-
6736(19)30308-3

Brighhenti S, Bergman P, Martineau AR. Vitamin D and tuberculosis: where next? J Int Med 2018;
284 (2):145-162doi.org/10.1111/joim.12777

Tilahun, M., Shibabaw, A., Kiflie A, Bewket G, Abate E, Gelaw B et al. Latent tuberculosis infection
and associated risk factors among people living with HIV and apparently healthy blood donors at the
University of Gondar referral hospital, Northwest Ethiopia. BMC Res Notes 2019; 12:515.
https://doi.org/10.1186/s13104-019-4548-x

Lee S, Lin H, Tsai H, Su I, Yang C, Sun H, Hung C, Sy C, Wu K, Chen J. A clinical algorithm to

identify HIV patients at high risk for incident active tuberculosis: a prospective 5-year cohort study.

64


https://www.sciencedirect.com/science/journal/23529393
https://www.sciencedirect.com/science/journal/23529393
https://doi.org/10.12669/pjms.344.14397
https://jpma.org.pk/article-details/7063
https://jpma.org.pk/article-details/7063
https://onlinelibrary.wiley.com/toc/13652796/2018/284/2

International Journal of Applied Sciences: Current and Future Research Trends (IJASCFRT) (2022) Volume 14, No 1, pp 58-65

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

PLoS ONE. 2015;10(8):e0135801.

Zelner J, Murray M, Becerra M, Galea J, Lecca L, Calderon R, Yataco R, Contreras C, Zhang Z,
Grenfell B. Age-specific risks of tuberculosis infection from household and community exposures and
opportunities for interventions in a high-burden setting. Am J Epidemiol. 2014;180(8):853—
61.doi.org/10.1093/aje/kwul92

deVries G, van Hest NA, Baars HW, Sebek MM, Richardus JH. Factors associated with the high
tuberculosis case rate in an urban area. Int J Tuberc Lung Dis. 2010;14(7):859-865.

Kigozi, N.G., Heunis, J.C. &Engelbrecht, M.C. Yield of systematic household contact investigation for
tuberculosis in a high-burden metropolitan  district of South Africa. BMC Public
Health 2019;19: 867doi.org/10.1186/s12889-019-7194-2

Vo LNQ, Codlin AJ, Forse RJ, Nguyen NT, Vu TN, Le GT et al. Evaluating the yield of systematic
screening for tuberculosis among three priority groups in Ho Chi Minh City, Viet Nam. Infect Dis
Poverty 2020; 9:166.doi.org/10.1186/s40249-020-00766-4

Sullivan ZA, Wong EB, Ndung’u T, Kasprowicz VO, Bishai WR. Latent and Active Tuberculosis
Infection Increase Immune Activation in Individuals Co-Infected with HIV. E Bio Medicine 2015; 2:
334-340 http://dx.doi.org/10.1016

Mayito J, Meya DB, Rhein J, Sekaggya-Wiltshire C . Utility of the monocyte to lymphocyte ratio in
diagnosing latent tuberculosis among HIV-infected individuals with a negative tuberculosis symptom
screen.PLoS ONE 2020; 15(11): e0241786. https://doi.org/10.1371/journal.pone.0241786

Zittermann A, Pilz S, Hoffmann H, Marz W. Vitamin D and airway infections: a European perspective.
Eur J Med Res. 2016 Mar 24;21:14. doi: 10.1186/s40001-016-0208-y.

Huang SJ, Wang XH, Liu ZD, Wen-Li Cao, Yi Han, Ai-GuoMa et al. Vitamin D deficiency and the
risk of  tuberculosis: a meta-analysis. Drug Des DevelTher. 2017;11:91-102.
d0i:10.2147/DDDT.S79870

Coussens AK, Martineau AR, Wilkinson RJ.Anti-Inflammatory and Antimicrobial Actions of Vitamin
D in Combating TB/HIV. Scientifica (Cairo). 2014;2014:903680. doi:10.1155/2014/903680

Kim HA, Perrelli A, Ragni A, Retta F, De Silva TM, Sobey CG et al. Vitamin D Deficiency and the
Risk of Cerebrovascular Disease.Antioxidants 2020; 9(4): 327; doi.org/10.3390/antiox9040327
Zdrenghea MT, Makrinioti H. Bagacean C. Bush A. Johnston SL Stanciu LA.Vitamin D modulation of
innate  immune responses to respiratory viral infections. Rev. Med. Virol. 2017; 27:
€1909DO0I: 10.1002/rmv.1909

Ganmaa D, Munkhzul B, Fawzi W, Spiegelman D, Willett WC, Bayasgalan P et al. High-Dose
Vitamin Dsduring Tuberculosis Treatment in Mongolia. A Randomized Controlled Trial. Am J
RespirCrit Care Med. 2017 Sep 1;196(5):628-637. doi: 10.1164.

Sia JK, Rengarajan J. Immunology of Mycobacterium tuberculosis Infections. Microbiol Spectr.
2019;7(4):10. doi:10.1128/microbiolspec.GPP3-0022-2018

Martens P, Verstuyf A, MathlieuC.Vitamin D’s Effect on Immune Function.Nutrients 2020, 12(5),
1248; https://doi.org/10.3390/nu12051248

65


https://doi.org/10.1002/rmv.1909

