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Abstract. Introduction. Not only does Human Immunodeficiency Virus (HIV) threaten the complications associated with 

immunodeficiency, but also does it cause a set of chronic conditions that may lead to serious problems in these patients. 

Hypercoagulable state and other hematologic manifestations are reported as leading factors in various clinical problems 

like deep vein thrombosis in People Living with HIV (PLHIV). The present study aimed to investigate whether there is any 

correlation between proteins S and C levels (the thrombophilic conditions in HIV seropositive cases) and hematological 

factors, biochemical markers, CD4 count, HIV viral load, anti-retroviral therapy, Hepatitis C (HCV) and hepatitis B 

(HBV) confection, drug use, infectious diseases, and demographic characteristics. Materials and methods. Protein S and C 

levels in 100 PLHIV were measured. Coagulation tests, CD4 count, HIV viral load, biochemical and hematological factors, 

and infectious tests were measured in these cases to assess any possible correlation between these factors and the patients’ 

proteins S and C levels. Results. Protein S, and C deficiency among PLHIV 8% and 10%, respectively. Red blood cell, 

hemoglobin, hematocrit, fasting blood sugar, and albumin were directly related to protein S, and the patients with positive 

VDRL significantly had a lower level of protein S. The patients receiving anti-retroviral therapy and those with positive 

VDRL had a higher level of protein C. CD4 count, prothrombin time, and cholesterol had also a direct correlation with 

protein C level. Conclusion. According to our results and the reduction of protein S, protein C, and the other factors 

affecting the lifestyle of PLHIV, there is an urge to pay special attention to thromboembolic disease. Moreover, there 

is a more possibility of hemostatic imbalances and coagulation disorders in them.
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ОЦЕНКА УРОВНЯ ПРОТЕИНОВ S И С И ЕГО СВЯЗЬ С ФАКТОРАМИ, СВЯЗАННЫМИ 
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Резюме. Введение. Вирус иммунодефицита человека (ВИЧ) не только угрожает осложнениями, связанными 

с подавлением иммунитета, но также вызывает ряд хронических состояний, которые могут привести к се-
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рьезным проблемам у пациентов с ВИЧ-инфекцией. Гиперкоагуляция и другие гематологические проявле-

ния являются ведущими факторами различных клинических проблем у людей, живущих с ВИЧ (ЛЖВ), на-

пример таких как тромбоз глубоких вен. Настоящее исследование было посвящено выявлению какой-либо 

корреляции между уровнями протеинов S и C (обладающих антикоагулянтным и профибринолотическим 

действием) и гематологическими факторами, биохимическими маркерами, количеством CD4 Т-клеток, 

вирусной нагрузкой, антиретровирусной терапией, коинфекцией гепатитом С (ВГС) и гепатитом B (ВГВ), 

употреблением наркотиков, инфекционными заболеваниями и демографическими характеристиками. 

Материалы и методы. Уровни протеинов S и C были измерены у 100 ЛЖВ: оценивали результаты тестов 

на коагуляцию, количество CD4 Т-клеток, вирусную нагрузку, биохимические и гематологические показа-

тели, а также данные тестов для выявления инфекционных агентов с целью обнаружения любой возможной 

корреляции между перечисленными показателями и уровнями протеинов S и C. Результаты. Дефицит про-

теина S и С среди ЛЖВ составили 8 и 10% соответственно. Уровень эритроцитов, гемоглобина, гематокрит, 

уровень сахара в крови натощак и альбумина были напрямую связаны с уровнем протеина S, у пациентов 

с положительным VDRL-тестом (модификация реакции Вассермана) был установлен значительно более 

низкий уровень протеина S. У пациентов, получавших антиретровирусную терапию, и у пациентов с по-

ложительным результатом VDRL-теста был выявлен более высокий уровень протеина С. Количество CD4 

Т-клеток, протромбиновое время и уровень холестерина также прямо коррелировали с уровнем протеина С. 

Заключение. Учитывая полученные результаты, можно сделать вывод о необходимости контроля системы 

свертывания крови у ЛЖВ с целью предотвращения развития тромбоэмболических заболеваний у ЛЖВ.

Ключевые слова: вирус иммунодефицита человека, протеин С, протеин S, тромбоз, венозная тромбоэмболия, СПИД.

Introduction

Protein C and protein S, produced in the liver, 

are glycoproteins that rely on Vitamin K to main-

tain normal hemostasis and play a crucial role 

in the body’s anticoagulant system. Their deficien-

cy leads to uncontrolled thrombin generation and 

thromboembolism.

Protein S (PS) was discovered in 1977 and func-

tions as a multifunctional protein in blood coagula-

tion, inflammation, and cellular processes. It inhibits 

procoagulants and acts as a cofactor for anticoagu-

lants. PS also interacts with C4b binding protein to re-

duce inflammation. Protein C, which is also referred 

to as autoprothrombin IIA, is a type of zymogen that 

functions as an inactive enzyme. In its activated state, 

it plays a crucial role in regulating anticoagulation, 

inflammation, and cell death, as well as maintaining 

the permeability of blood vessel walls in both humans 

and other animals. The primary mechanism by which 

activated protein C (APC) accomplishes these func-

tions is through the proteolytic inactivation of pro-

teins Factor Va and Factor VIIIa [31].

The lentivirus human immunodeficiency vi-

rus (HIV) causes AIDS (acquired immunodefi-

ciency syndrome) by affecting numerous cells in the 

body and escaping the host immune system. AIDS 

is a life-threatening issue with a high morbidity and 

mortality rate, so it has attracted tremendous atten-

tion worldwide. In 2012, approximately 34 million 

people were infected with HIV worldwide [6, 9, 10, 

19]. Furthermore, 37.9 million (38.4 to 43.8 million) 

people were living with HIV at the end of 2021, and 

WHO reported an estimated 53,000 cases of infection 

in Iran, with a range of 38 000 to 140 000 [11, 13]. HIV 

infection is primarily transmitted through blood and 

genital fluids. Then it enters the cell by interacting 

with CD4 and some other cellular receptors, and then 

the intracellular mechanisms determine if the infec-

tion is going to be latent or productive. The landscape 

of HIV infection has completely changed through 

antiretroviral therapy. The use of multiple drugs that 

act on different viral targets is known as highly ac-

tive antiretroviral therapy (HAART). Such therapies 

mostly act by controlling viral replication of the vi-

rus, restoration of the immune system damage, and 

attenuating the complications associated with im-

munodeficiency. As a consequence of taking medica-

tion, life expectancy has increased in infected cases, 

and AIDS-related illnesses are no longer the prima-

ry threat. Nevertheless, the emergence of a new set 

of implications leads to several chronic conditions 

that may last for several decades [7, 21, 29]. Among 

these are chronic complications and hypercoagulable 

state resulting in thrombosis, which is a serious clini-

cal issue in HIV-infected patients. A growing body 

of evidence has proved the association between HIV 

infection and prothrombic conditions. According 

to epidemiological studies, the incidence of throm-

bosis in PLHIV was estimated to be 2.6 people per 

year, and VTE occurrence among them ranges from 

0.19% to 7.63% per year [28]. The prevention and 

treatment of venous thromboembolism (VTE) are 

gaining attention because of an increase in frequency 

and cost. Furthermore, VTE is a potentially prevent-

able disease that is of most importance to identifying 

individuals in high-risk populations who may benefit 

from primary thromboprophylaxis [5].

Thromboembolism in HIV-infected patients: 

Hypercoagulable state and VTE are multifactorial, 

and the type and number of risk factors involved de-

termine the severity of the condition. Several specific 

risk factors are thought to be associated with VTE 

in HIV-infected patients. Protein S deficiency is the 
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most prevalent coagulation abnormality in HIV-

infected cases and its prevalence is reported to range 

from 27% to 76%. Protein S deficiency in HIV cases 

is a multifactorial state and can be caused as a re-

sult of decreased synthesis by the endothelial cells, 

hepato cytes, megakaryocytes, and the antibodies 

against protein S. Protein C Deficiency prevalence 

among HIV cases also ranges from 0 to 14% and can be 

mostly caused as a result of altered synthesis, altered 

metabolism, and low-grade disseminated intravascu-

lar coagulation (DIC). Antiphospholipid and lupus 

anticoagulant antibodies, antithrombin deficiency, 

and mild to moderate Hyperhomocysteinemia are 

among other important factors of hypercoagulable 

state in HIV-infected cases [2, 5, 24, 27].

Materials and methods

Study subjects and samples. This was a descriptive-

analytical cross-sectional study conducted from 2020 

to 2021. 100 patients were randomly selected among 

those who were admitted to the center. Demographic 

and clinical data, including age, height, marital sta-

tus, number of children, job, education, the his-

tory of smoking, alcohol consumption, drug users, 

receiving blood, taking medications, taking im-

munosuppressive drugs, HAART treatment, stage 

of the disease, hepatitis B and C, HBV vaccination, 

and the history of any malignancy and opportunis-

tic infection, were gathered using a questionnaire. 

The family history of thrombosis was also collected.

Sample collection. 10 ml of venous blood was 

drawn from each of the participants by venipuncture; 

3 ml into a K3-EDTA Vacutainer tube, 3 ml in cit-

rated (to separate plasma), and 4 ml in a coagulated 

tube to separate the serum. The tubes were allowed 

to clot, and serum was obtained by centrifuging it at 

3000 revolutions per minute (rpm).

CD4 count and viral load measurement. Patients 

were identified based on an enzyme-linked immu-

nosorbent assay (ELISA). First, an ELISA was con-

ducted for diagnosis, and confirmation was obtained 

by western blotting and PCR methods. CD4 analysis 

was also performed using standard flow cytometry 

techniques (PARTEC, Germany). HIV viral load 

was also quantified in all 100 cases by real-time PCR.

Measurement of proteins C and S concentrations 

and biomarkers. The laboratory tests, including 

FBS, Bun, creatinine, CBC, LFT, PT, PTT, HCV 

Ab, HbsAg, Toxoplasmosis infection, PPD, choles-

terol, HDL, and LDL, were performed on PLHIV. 

Proteins S and C activities, as the main parameters 

of this study, were quantitatively measured using 

the ACL TOP system. Proteins C and S activities as 

an expected value in the HemosIL kit were reported 

70% to 140% and 60% to 150%, respectively.

Statistical analysis. Data analysis was performed 

using descriptive statistics. Quantitative independ-

ent variables were presented as mean±standard de-

viation, and qualitative variables were described 

in terms of number and percentage. To determine 

the factors associated with proteins S and C, linear 

regression analysis was used. First, simple linear re-

gression analysis was used to determine the factors 

associated with proteins S and C, and then the vari-

ables which were p � 0.2 in the simple analysis were 

entered into the multiple linear regression model. 

Data were analyzed by SPSS software version 22 and 

Graph Pad Prism software version 8. Also, p-value 

< 0.05 was considered a statistically significant level.

Ethical consideration. The study was also reviewed 

and approved with the approval of the ethical number 

IR.SUMS.Rec.1394.S538.

Results

A total of 100 PLHIV were enrolled, whose av-

erage age was 38.33±11.16 years and the gender 

of 59.0% male. 49.0% of patients were smokers, 47.0% 

were drug users, and 47.0% were injecting drug us-

ers. The mean CD4 cell count was 418.51±261.21 

cells/mL, and 68.0% of patients had CD4 lower 

than 500 cells/mL. Also, 86.0% of patients were 

on HAART treatment, and 92% of patients had pro-

tein S over 60, and 90 patients had protein C over 70. 

Demographic characteristics and frequency of clini-

cal variables of PLHIV by the category of proteins S 

(over 60 and under 60) and C (over 70 and under 70) 

are indicated in Table 1.

As shown in Table 2, independent variables, in-

cluding RBC (p = 0.019), HB (p = 0.040), HCT (p = 

0.009), FBS (p = 0.004), and ALB (p = 0.023), were 

directly related to protein S, which is confirmed by 

the univariate analysis. Also, the patient with posi-

tive VDRL (p = 0.004) significantly had a lower level 

of protein S. There was no significant association 

of protein S with smoking, taking drugs, and drug 

injection status.

In a simple analysis, drug users (drug user vs no 

drug user; p = 0.001) and injecting drug users (in-

jecting drug users vs no injecting drug users; p = 

0.001) significantly had a lower level of protein C. 

In the patients on HAART treatment (p = 0.039) and 

those with positive VDRL (p = 0.020), protein C was 

significantly higher. CD4, PT, and cholesterol were 

directly related to protein C. Patients with positive 

HCV significantly had a lower level of protein C. 

Furthermore, SGOT and HCV Ag were indirectly 

related to protein C (Table 3).

The level of protein S in the subgroups of smok-

ing, taking drugs, and drug injection status has been 

shown in Figure 1, which shows that there had been 

no significant difference in the amount of protein S 

between the subgroups. Moreover, Figure 2 displays 

the level of protein C in the subgroups of smoking, 

taking drugs, and drug injection, and there was a sig-

nificant difference in the amount of protein C be-

tween the subgroups.
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Table 1. Characteristics of HIV patients by protein S and C status

Variables
Total 

(n = 100)

Protein S Protein C

Higher than 60
 (n = 92)

Under than 60
 (n = 8)

Higher 70
 (n = 90)

Under than 70
 (n = 10)

Age 38.33±11.16 38.88 ±10.99 34.25 ±13.00 38.43 ±10.80 39.20 ±14.73

Sex

 Male 59 (59.0) 53 (57.6) 6 (75.0) 53 (58.9) 4 (40.0)

 Female 41 (41.0) 39 (42.4) 2 (25.0) 37 (41.1) 6 (60.0)

Education

 Primary or illiterate 22 (22.0) 20 (21.7) 2 (25.0) 21 (23.3) 1 (10.0)

 Guidance school 45 (45.0) 42 (45.7) 3 (37.5) 39 (43.3) 6 (60.0)

 High school 18 (18.0) 16 (17.4) 2 (25.0) 16 (17.8) 2 (20.0)

 – diploma 9 (9.0) 8 (8.7) 1 (12.5) 8 (8.9) 1 (10.0)

 – academic 6 (6.0) 6 (6.5) – 6 (6.7) –

BMI 22.88±6.33 22.76±6.36 24.17±6.19 22.97±6.44 22.01±5.38

Marital Status

 Never Married 26 (26.0) 24 (26.1) 2 (25.0) 26 (28.9) 7 (70.0)

 Married 51 (51.0) 47 (51.1) 4 (50.0) 44 (48.9) –

 Widowed/Divorced 23 (23.0) 21 (22.8) 2 (25.0) 20 (22.2) 3 (30.0)

Smoking

 Yes 49 (49.0) 43 (43.5) 6 (75.0) 41 (45.6) 8 (80.0)

 No 51 (51.0) 49 (56.5) 2 (25.0) 49 (54.4) 2 (20.0)

Drug abuser

 Yes 47 (47.0) 41 (44.6) 6 (75.0) 39 (43.3) 8 (80.0)

 No 53 (53.0) 51 (55.4) 2 (25.0) 51 (56.7) 2 (20.0)

Type of drug (n = 47)

 traditional drugs 26 (55.3) 23 (56.1) 3 (50.0) 22 (56.4) 4 (50.0)

  industrial and 
traditional drugs 21 (44.7) 18 (43.9) 3 (50.0) 17 (43.6) 4 (50.0)

Iv drug user

 Yes 47 (47.0) 41 (44.6) 6 (75.0) 39 (43.3) 8 (80.0)

 No 53 (53.0) 51 (55.4) 2 (25.0) 51 (56.7) 2 (20.0)

Blood transfusion

 Yes 2 (2.0) 2 (2.2) – 2 (2.2) –

 No 98 (98.0) 90 (97.8) 8 (100.0) 88 (97.8) 10 (100.0)

HAART treatment

 Yes 86 (86.0) 79 (85.9) 7 (87.5) 79 (87.8) 7 (70.0)

 No 14 (14.0) 13 (14.1) 1 (12.5) 11 (12.2) 3 (30.0)

AIDS stage

 1 2 (2.0) 2 (2.2) – 2 (2.2) –

 2 6 (6.0) 6 (6.5) – 5 (5.6) 1 (10.0)

 3 2 (2.0) 1 (1.1) 1 (12.5) 1 (1.1) 1 (10.0)

 4 90 (90.0) 83 (90.2) 7 (87.5) 82 (91.1) 8 (80.0)

HCV

 Yes 43 (43.0) 39 (42.4) 4 (50.0) 36 (40.0) 7 (70.0)

 No 57 (57.0) 53 (57.6) 4 (50.0) 54 (60.0) 3 (30.0)

HCV treatment (n = 43)

 Yes 13 (30.2) 12 (30.8) 1 (25.0) 13 (36.1) –

 No 30 (69.8) 27 (69.2) 3 (75.0) 23 (63.9) 7 (100.0)

HBV

 Yes 1 (1.0) 1 (1.1) – – –

 No 99 (99.0) 91 (98.9) 8 (100.0) 90 (100.0) 10 (100.0)

HBV Vaccine

 Yes 94 (94.0) 86 (93.5) 8 (100.0) 85 (94.4) 9 (90.0)

 No 6 (6.0) 6 (6.5) – 5 (5.6) 1 (10.0)
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Variables
Total 

(n = 100)

Protein S Protein C

Higher than 60
 (n = 92)

Under than 60
 (n = 8)

Higher 70
 (n = 90)

Under than 70
 (n = 10)

Infectious disease

 Yes 1 (1.0) 1 (1.1) – – –

 No 99 (99.0) 91 (98.9) 8 (100.0) 90 (100.0) 10 (100.0)

Non-Infectious disease

 Yes 3 (3.0) 3 (3.3) – 3 (3.3) –

 No 97 (97.0) 89 (96.7) 8 (100.0) 87 (96.7) 10 (100.0)

Opportunist

 Yes – – – – –

 No 100 (100.0) 92 (100.0) 8 (100.0) 90 (100.0) 10 (100.0)

WBC (× 1000/μl) 5.69±1.88 5.68±1.92 5.71±1.47 5.65±1.94 6.04±1.29

Lymph (%) 2.09±0.85 2.06±0.81 2.41±1.25 2.09±0.87 0.08±0.64

CD4 (cells/μl) 418.51±261.21 416.27±257.76 444.5±316.8 423.3±267.12 375.4±206.3

PT (s) 12.92±0.75 12.9±0.74 12.76±0.87 12.92±0.74 12.65±0.85

PTT (s) 30.86±3.34 30.7±3.32 31.8±3.59 30.7±3.29 31.5±3.79

RBC (× 1 000 000/μl) 8.40±0.82 4.43±0.87 4.13±0.44 4.38±0.82 4.58±0.81

HB (g/dl) 13.91±4.86 13.85±1.87 14.63±1.64 13.9±1.92 13.93±1.16

HCT (%) 42.03±4.83 42.3±1.93 42.2±3.24 41.99±4.95 42.3±3.68

FBS (mg/dl) 95.78±21.91 95.8±22.1 95.1±20.4 95.5±22.7 98.0±13.14

BUN (mg/dl) 14.25±15.73 14.2±16.3 14.45±6.32 14.29±16.53 13.86±4.3

Crea (mg/dl) 0.96±0.18 0.95±0.17 1.05±0.3 0.95±0.17 1.03±0.29

AST (U/L) 33.82±25.33 33.9±26.2 32.7±9.42 33.3±25.8 38.1±20.7

ALT (U/L) 38.63±26.35 37.6±25.4 49.8±35.1 37.9±25.4 44.5±34.6

ALK (U/L) 270.14±149.84 267.6±141.2 299.2±238.6 262.3±149.9 340.8±136.1

ALB (g/dl) 4.27±0.45 4.27±0.45 4.22±0.45 4.27±0.45 4.23±0.44

T.P (g/dl) 7.62±0.63 7.65±0.63 7.32±0.53 7.61±0.61 7.71±0.77

TG (mg/dl) 135.45±66.02 134.9±65.8 141.1±79.14 135.7±68.7 132.7±43.8

CHO (mg/dl) 167.22±58.51 169.1±60.1 145.8±28.74 166.1±57.4 178.0±69.9

U/RBC 1.13±0.56 1.14±0.58 1.14±0.58 1.13±0.58 1.1±0.31

U/WBC 1.09±0.47 1.08±0.48 1.12±0.35 1.1±0.49 1.0±0.0

HIV Viral load (copy/ml)
99 165.07±
325 479.11

85 758.0±
273 238.0

253 444.6±
705 792.0

107 329.3±
341 969.0

25 687.0±
46 925.0

VDRL

 Yes 1 (1.0) 1 (1.1) – 1 (1.1) –

 No 99 (99.0) 91 (98.9) 8 (100.0) 89 (98.9) 10 (100.0)

TOXO (Iu/ml)

 Yes 1 (1.0) 1 (1.1) – 1 (1.1) –

 No 99 (99.0) 91 (98.9) 8 (100.0) 89 (98.9) 10 (100.0)

PPD

Positive – – – – –

Negative 100 (100.0) 92 (100.0) 8 (100.0) 90 (100.0) 10 (100.0)

HIV time infectious 
(years)

11.44±21.60 11.07±22.5 8.37±2.97 9.82±13.87 25.9±54.20

PLT (× 1000/μl) 236.87±89.30 236.7±91.5 238.6±63.1 236.01±90.7 244.6±79.4

HDL (mg/dl) 36.47±6.31 36.2±6.41 38.5±4.78 36.4±5.92 36.9±9.5

LDL (mg/dl) 82.72±20.42 89.9±20.7 69.25±9.28 83.11±19.04 79.3±29.15

Notes. Data reported as N (%), mean ±SD. BMI: Body Mass Index; HAART: high active antiretroviral therapy; HCV: Hepatitis C Virus; AIDS: Acquired 
Immunodeficiency Syndrome; HBV: Hepatitis B Virus; WBC: White Blood Cell × 1000/μl; PT: Prothrombin time; PTT: Partial Thromboplastin time; RBC: 
Red Blood Cell; HB: Hemoglobin; HCT: Hematocrit; FBS: Fasting Blood Sugar; BUN: Blood Urea Nitrogen; Crea: Creatinine; AST: Aspartate Trans 
Aminase; ALT: Alanine Trans Aminase; ALK: Alkaline phosphatase; ALB: Albumin; T.P: Total Protein; TG: Triglyceride; Cho: Cholesterol; U/RBC: Urine RBC; 
U/WBC: Urine WBC; TOXO: Toxoplasma gundi Ig G; PPD: Protein Purified derivative; PLT: Platelets count; HDL: High-density Lipoprotein; LDL: low-density 
Lipoprotein; Iv: Intravenous.



554

Инфекция и иммунитетE. Rezaei et al.

Table 2. Factors related to protein S in patients 

with HIV: univariate analysis

Variables B SE P-value

Age 0.11 0.28 0.706
Sex

 Female Ref – –

 Male 6.21 6.35 0.330
Smoking

 No Ref – –

 Yes –0.06 0.49 0.897
Drug abuser

 No Ref – –

 Yes –5.35 6.34 0.401
Iv drug user

 No Ref – –

 Yes –4.52 6.33 0.478

Blood transfusion

 No Ref – –

 Yes –2.93 22.12 0.895
HAART treatment

 No Ref – –

 Yes 0.67 8.95 0.940
AIDS stage 2.87 4.89 0.559
HCV

 No Ref – –

 Yes 5.95 6.38 0.353

CD4 (cells/μl) 0.01 0.01 0.531
HIV Viral load (copy/ml) –5.28 0.01 0.581
VDRL

 No Ref – –

 Yes 88.62 29.58 0.004*

RBC (× 1000000/μl) 9.05 3.78 0.019*
HB (g/dl) 3.57 1.71 0.040*
HCT (%) 1.71 0.64 0.009*
FBS (mg/dl) 0.39 0.13 0.004*
Creatinine (mg/dl) –28.35 16.54 0.090
ALB (g/dl) 15.53 6.74 0.023*

Note. *Significant at 0.05 level.

Table 3. Factors related to protein C in patients 

with HIV: a multivariate analysis

Variables B SE P-value

Age –0.03 0.28 0.889
Sex

 Female Ref – –

 Male –12.11 6.41 0.062
Smoking

 No Ref – –

 Yes –20.39 6.09 0.001*
Drug abuser

 No Ref – –

 Yes –20.39 6.10 0.001*
Iv drug user

 No Ref – –

 Yes –21.26 6.07 0.001*
Blood transfusion

 No Ref – –

 Yes –18.78 22.78 0.41
HAART treatment

 No Ref – –

 Yes 18.91 9.03 0.039*
AIDS stage 6.32 5.02 0.211
HCV

 No Ref – –

 Yes –17.26 6.26 0.007*
CD4 (cells/μl) 0.03 0.01 0.017*
HIV Viral load (copy/ml) –9.97 0.01 0.313
VDRL

 No Ref – –

 Yes 74.44 31.43 0.020*
PT (s) 9.57 4.18 0.024*
Creatinine (mg/dl) –30.29 16.68 0.073
SGOT (U/L) –0.61 0.18 0.001*
SGPT (U/L) –0.20 0.12 0.111
ALK (U/L) –0.03 0.02 0.141
ALB (g/dl) 13.58 7.02 0.056
TG (mg/dl) 0.08 0.05 0.082
Cholesterol (mg/dl) 0.14 0.05 0.011*
HCV Ag –17.48 6.36 0.007*
Cervical 22.06 8.81 0.014*

Note. *Significant at 0.05 level.

Figure 1. Protein S in subgroup of smoking, taking drugs and drug injection status



555

2023, Т. 13, № 3 Change in protein S and C in HIV patients

Discussion

The human immunodeficiency virus (HIV) 

may lead to different hematological manifestations. 

Thrombotic events seem to be more common among 

HIV-infected cases in comparison with the general 

population. Several studies have been performed 

to assess the inflammatory/hypercoagulable state 

in HIV-infected cases [12], and there are many rea-

sons which answer why it is clinically very crucial 

to shed light on the mechanisms through which 

hypercoagulable conditions are developed in HIV 

cases. The most important reason to mention is that 

hypercoagulable complications predispose to the de-

velopment of deep venous thrombosis, pulmonary 

embolism, and arterial thrombosis, which are po-

tentially life-threatening [15, 23, 25]. For example, 

the risk of venous thrombotic events has been report-

ed to be 6.5 to 10 times more prevalent in HIV cases 

than in normal populations [1].

The results of this study revealed that 8% of our 

HIV cases had protein S deficiency (less than 60), 

and 10% of them had a less than 70 protein C lev-

el. Proteins S and C are key factors in determin-

ing the coagulative status of PLHIV, and a growing 

body of literature has demonstrated their deficiency 

in PLHIV. Therefore, the following study aimed 

to assess biochemical, hematological, infectious, and 

demographic factors of PLHIV regarding their pro-

teins S and C status (protein S sufficiency vs protein S 

deficiency, and protein C sufficiency vs protein C de-

ficiency). The correlation between proteins S and C 

levels was also analyzed in drug users vs non-drug 

users, smokers vs non-smokers, and those cases re-

ceiving HAART therapy. According to our results, 

RBC, Hb, HCT, FBS, and ALB were directly re-

lated to protein S level, and the patients with positive 

VDRL significantly had a lower level of protein S. 

In addition, it is shown that drug users and injecting 

drug users significantly had a lower level of protein C. 

Data analysis also revealed that patients receiving 

HAART therapy and patient with positive VDRL 

had a higher level of protein C. CD4 count, PT, and 

cholesterol had a direct correlation with protein C 

(Fig. 3). Patients with positive HCV significantly had 

a lower level of protein C. Furthermore, SGOT and 

HCV Ag were indirectly related to protein C.

Increased platelet activation, elevated homocyst-

einemia, elevated plasma factor VII activity, lupus an-

ticoagulant, activated protein C resistance, protein C 

Figure 2. Protein C in subgroup of smoking, taking drugs and drug injection status

Figure 3. Correlation between CD4 and protein S and protein C
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deficiency, and acquired protein S deficiency are 

the main reported causes of thrombophilia in HIV-

infected cases. In a study by Erbe et al. in 2003, 

the incidences of proteins S and C deficiencies were 

67% and 25% in acutely ill patients, respectively [8]. 

A study of protein S deficiency among 25 randomly-

selected HIV-seropositive men demonstrated pro-

tein S deficiency in 19 subjects (76%), which was 

a statistically significant result compared to healthy 

male controls [26]. In a study conducted by Bibas et 

al. in 2011, protein S deficiency was reported to be 

prevalent in 27% to 76% of HIV cases [5]. In 2018, 

Khare et al. studied the coagulation abnormalities 

in HIV-infected patients by detecting certain pro-

thrombotic factors in 30 HIV-infected subjects, and 

the results revealed that levels of hemoglobin, CD4 

counts, platelet counts, mean platelet volume, and 

proteins C and S activities were significantly lower 

in HIV-seropositive patients compared to the healthy 

individuals [12].

Hematologic disorders are known as the most 

common observed complications of PLHIV. These 

hematologic abnormalities are also more pronounced 

during the late stages of the disease. Therefore, 

they imply on progressive nature of HIV. Anemia 

is a common finding and has been reported in 63% 

to 95% of patients. Its incidence increases with dis-

ease development. According to Bhardwaj et al., 

Hemoglobin, RBC, neutrophil, and platelet count 

are lower in HIV cases, and these abnormalities are 

more severe in those cases with a CD4 count of few-

er than 200 cells/ul [4, 30]. In the following study, 

the results implicated the correlation of Hb, HCT, 

and RBC count with protein S level.

Liver dysfunction is extensively observed 

in PLHIV, and LFT abnormalities have been report-

ed in around 50% of them. Elevated liver enzymes 

in HIV can be secondary to co-infection with hepa-

titis viruses, lipid-lowering drugs, alcoholism, and 

direct inflammation in hepatocytes [20]. Aspartate 

aminotransferase (SGOT) and alanine aminotrans-

ferase (SGPT) are among the first indicators of hepa-

tocellular injury. In 2009, a study conducted by Mata 

Marin et al. revealed a direct correlation between HIV 

viral load and alanine aminotransferase (SGPT) [16]. 

The findings indicate an indirect correlation between 

protein C and SGOT enzyme. Hypoalbuminemia 

has also been previously reported in 5.9% to 39.5% 

of HIV cases, and it can be linked to factors, includ-

ing nutrition, inflammatory response, and renal and 

hepatic function [14]. Serum albumin level is shown 

to be elevated after antiviral therapies. The results 

also revealed a correlation between albumin level and 

protein S. Fasting blood sugar also is indicated to be 

related to protein S status.

Serum lipid profile alterations have been reported 

in HIV cases in several studies. Mondy K. et al. ob-

served the decreased dense lipoprotein (HDL) and 

increased triglyceride (TG) in their study group in the 

US. Some reports also imply elevated total choles-

terol (TC), low-density lipoprotein (LDL), and TG 

in Uganda [17]. In a study conducted by Adewole et 

al., elevated LDL and reduced levels of HDL and TC 

were observed compared with HIV negative controls. 

The findings revealed a correlation between protein C 

and TC level. HDL and LDL were highly associated 

with the atherothrombotic processes. Purified HDL 

contributes to factor Va inactivation by activated pro-

tein C (APC) [3]. Proteins C and S are also involved 

in thrombin downregulation. In vivo studies have 

demonstrated that HDL enhances the anticoagulant 

protein C pathway.

HCV infection stands for nearly 75% of liver-

related death in HIV cases, and around 25% of HIV 

cases in Europe and the USA suffer from HCV 

co-infection. The evaluation of the fact that HCV 

infection affects HIV progression is still a matter 

of debate. HCV infection is reported in approxi-

mately 15% to 30% of people with HIV, and HIV-

HCV co-infection is prevalent in 90% of the cases 

whose HIV is caused due to drug injection. HCV-

HIV co-infection accelerates life damage which 

consequently leads to cirrhosis [18, 22]. According 

to the results, PLHIV with cirrhosis significantly 

had a lower protein C level. This may be caused 

secondarily to reduce the synthesis of this protein 

in the hepatocytes.

According to our results, protein C is substan-

tially lower in drug users. Several studies have dem-

onstrated that the drugs such as methamphetamine 

(METH), cocaine, and alcohol are involved in trig-

gering inflammation and are directly related to the 

concentration of acute-phase proteins like CRP. 

Although protein C is characterized as an acute-

phase protein, the results imply the reduced concen-

tration of this factor in HIV cases who are drug users.

The viral load was 25 687 copy/ml and 107 329 

copy/ml in protein C deficient and protein C suf-

ficient cases, respectively. The result was statisti-

cally significant (p-value: 0.02). This finding is kind 

of new and it is recommended to evaluate the corre-

lation between protein C and viral load in more HIV 

cases and larger sample sizes.

Conclusion

HIV-infected adults are more likely to develop 

hemostatic imbalance and coagulation abnormali-

ties. According to the findings, there is an urge to pay 

special attention to thromboembolic diseases. It is 

important to do a differential diagnosis when a pa-

tient who is HIV-positive doesn’t show any signs 

of thromboembolic disease. Further research with 

a higher sample size is required to confirm our re-

sults. Additionally, assessment of coagulation disor-

ders in HIV-infected cases along with other markers 

and risk factors may be helpful in disease monitoring 

and management.
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