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Changes of body immunity and inflammatory
response in HIV/HCYV co-infected patients
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Abstract. Changes of body immunity and inflammatory
response in human immunodeficiency virus (HIV)/hepatitis
C virus (HCV) co-infected patients were investigated. Eighty
HIV/HCYV infected patients admitted to Qingdao No. 6
People's Hospital from August 2015 to December 2017 were
selected and divided into two groups according to whether
they were complicated with HCV infection or not (n=40 per
group). The changes of the related humoral immune indexes,
the related cellular immune indexes, the related indexes
of hepatic function, the related indexes of inflammatory
response in the two groups were compared, and the correla-
tions of high-sensitivity C-reactive protein (hs-CRP) level
with alanine aminotransferase (ALT) level, immunoglobulin
G (IgG) level and cluster of differentiation 4* (CD4*) level in
the observation group were analyzed. The levels of related
humoral immune indexes [immunoglobulin G (IgG), IgA
and IgM levels], the related cellular immune indexes (CD4*
and CD8") in the observation group were lower than those in
the control group (P<0.05), and the CD4*/CD8* ratio in the
observation group was lower than that in the control group
(P<0.05). The levels of indexes of hepatic function [ALT,
aspartate aminotransferase (AST) and total bilirubin] in the
observation group were significantly higher than those in the
control group (P<0.05). The levels of hs-CRP, interleukin-1
(IL-1) and tumor necrosis factor-a. (TNF-a) in the observa-
tion group were significantly higher than those in the control
group (P<0.05). There were positive correlations of hs-CRP
level with ALT level and IgG level in the observation group
(P<0.05). There was a negative correlation between hs-CRP
level and CD4* level in the observation group (P<0.05). The
humoral and cellular immune functions of the HIVVHCV

Correspondence to: Dr Guo Lei, Infection Department, Qingdao
No. 6 People's Hospital, 9 Fushun Road, Qingdao, Shandong 266000,
P.R. China

E-mail: leiqddl@163.com

“Contributed equally

Key words: HIV infection, HCV infection, humoral immunity,
cellular immunity, hepatic function, inflammatory response

co-infected patients are significantly limited, their hepatic
function is significantly impaired and the levels of inflamma-
tory cytokines are markedly increased. The level of hs-CRP
is positively correlated with hepatic function and humoral
immune function and negatively correlated with cellular
immune function.

Introduction

Human immunodeficiency virus (HIV) is classified as a
retrovirus, and hepatitis C virus (HCV) is a flavivirus, both
of which are single-stranded RNA viruses and have a chronic
process after infection in human body (1). At the same
time, because the two types of viruses have the same three
routes of infection, mainly blood, sex and mother-to-child
vertical transmission, HIV/HCV coinfection occurs easily
in clinic (2). A study claimed (3) that the infection rate via
blood transmission, especially in intravenous drug abusers
and illegal paid blood donors, is the highest. The study has
confirmed that, of every 1 million HIV-infected people in
China, those co-infected with HCV account for 30-35% (4).
After HCV infection, the proportion of its development to
cirrhosis and even hepatocellular carcinoma is extremely
high. After HCV infection, it will cause similar immune
activation mechanism in the body, leading to significant
increases in extrahepatic complications and mortality rate in
patients (5).

Previous studies have confirmed (6) that the main impact
of HIV mono-infection is to reduce the cellular immune func-
tion, especially to significantly reduce the levels and function
of CD4" T. The immune function of HCV infected patients
is also affected to some extent, and the impact on hepatic
function should not be neglected (7). After infection of both
viruses, especially in the acute infection period, the body
inflammatory response is affected at the same time. After
HCYV infection, immune cells will be activated (8) to promote
the levels of inflammatory cytokines, thereby inducing
hepatic fibrosis. HI'V infection will directly lead to the activa-
tion of hepatic stellate cells, thus causing hepatic fibrosis (9).
However, there has been no systematic study on the changes
of immune function and the levels of inflammatory cytokines
in HIV/HCV co-infected patients. In this study, we mainly
investigated the changes of immune function and the levels
of inflammatory response cytokines in HIVVHCV co-infected
patients.
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Materials and methods

General materials. Eighty HIV/HCV infected patients
admitted to Qingdao No. 6 People's Hospital (Qingdao, China)
from August 2015 to December 2017 were selected. All 80
patients were positively diagnosed with HI'V infection. Of these,
40 patients were diagnosed with HIVVHCV co-infection. The
patients were diagnosed by blood biochemical tests and quali-
tative analysis of radionuclides, and they were in accordance
with the diagnostic criteria for HIV and HCV infections set by
the Chinese Society of Infectious Diseases, Chinese Medical
Association in 2010, and no anti-HCV or anti-HIV treatment
was given to them before inclusion. Those with malignant
neoplasms, acute infection, severe cardiopulmonary, hepatic
and renal dysfunctions, mental illness, long-term alcohol
abuse, HBV infection, cirrhosis, and those who were pregnant
or breastfeeding were excluded. According to whether the
patients were HIV infected or HIV/HCV co-infected, they
were divided into two groups, each included 40 patients. The
observation group consisted of 25 males and 15 females,
aged 18-50 years, with an average of 41.2+2.3 years, whose
confirmed duration of HIV infection was from 1 month to
3 years, with an average of 1.1+0.1 years, and whose confirmed
duration of HCV infection was from 1 month to 1 year, with
an average of 0.8+0.1 months. The control group consisted of
26 males and 14 females, aged 18-50 years, with an average of
41.3£2 4 years, whose confirmed duration of HIV infection was
from 1 month to 3 years, with an average of 1.2+0.1 months.
There were no statistically significant differences in general
data, such as sex, age and HIV infection duration, between the
two groups (P>0.05). The study was approved by the Ethics
Committee of Qingdao No. 6 People's Hospital and informed
consents were signed by the patients or the guardians.

Methods. The changes of the related humoral immune indexes
[immunoglobulin G (IgG), IgA and IgM levels], the related
cellular immune indexes [cluster of differentiation 4* (CD4%),
CD8* and CD4*/CD8" ratio], the related indexes of hepatic
function [alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and total bilirubin levels], the related
indexes of inflammatory response [high-sensitivity C-reactive
protein (hs-CRP), interleukin-1 (IL-1) and tumor necrosis
factor-o. (TNF-o)] in the two groups were compared, and the
correlation of hs-CRP level with ALT level, and IgG level and
CD4" level in the observation group was analyzed.

Evaluation criteria. Immune function tests were divided
into the test for humoral immunity and the test for cellular
immunity. The main testing indexes of humoral immu-
nity included IgG (23.6-9.6 mg/l), IgA (3.14-4.66 mg/l)
and IgM (3.05-3.85 mg/l). The main testing indexes of
cellular immunity included CD4*, CD8* and CD4*/CD8*
ratio. The main testing indexes of inflammatory cytokines
included hs-CRP (<10 mg/l), TNF-a (1-10 ng/ml) and
IL-1 (130-250 ng/ml). The main testing indexes of hepatic
function included ALT (0-40 U/1), AST (0-40 U/1) and total
bilirubin (5.1-19.0 gmol/l).

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 21.0 (IBM Corp., Armonk, NY, USA) software was
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Table I. Comparison of the related humoral immune indexes
between the two groups (mg/l, mean + standard deviation).

Items IeG IgA IeM

Observation group 10.0+0.1 2.6+0.1 2.3+0.1
Control group 25.5+0.2 4.5+0.2 3.5+0.2
t value 438.406 53.740 33.941
P-value <0.001 <0.001 <0.001

IgG, immunoglobulin G.

Table II. Comparison of the related cellular immune indexes
between the two groups (mean + standard deviation).

Items CD4* CD8* CD4*/CD8*
Observation group 29.0+0.3 25.4+0.3 1.62+0.1
Control group 36.2+0.5 31.6x04 1.94+0.2

t value 78.095 78.424 9.051
P-value <0.001 <0.001 <0.001

CD4*, cluster of differentiation 4+.

Table III. Comparison of the related indexes of hepatic func-
tion between the two groups (mean + standard deviation).

Total
bilirubin
Items ALT (U/T) AST (UN) (ymol/l)
Observation group 82.3+£35 73.6+£3.8 32.5+1.3
Control group 40.1+1.3 359+1.1 16.3+0.9
t value 71.484 60.272 64.800
P-value <0.001 <0.001 <0.001

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

used for data analysis. Measurement data are presented as
mean =+ standard deviation, t-test was used for the compar-
ison of the means between the groups, > test was used for
the comparison of the ratios between the groups, and the
Spearman's correlation-coefficient method was used for corre-
lation analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of the related humoral immune indexes between
the two groups. The levels of related humoral immune indexes
(IgG,IgA and IgM) in the observation group were significantly
lower than those in the control group (P<0.05) (Table I).

Comparison of the related cellular immune indexes between
the two groups. The levels of CD4* and CD8" in the observation



Table IV. Comparison of the related indexes of inflammatory
response between the two groups (mean + standard deviation).

TNF-a
Items hs-CRP (mg/l) IL-1 (ng/ml) (ng/ml)
Observation group 35.1+£1.6 268.1+19.6  17.4+0.6
Control group 7.9+0.5 128.3+10.2 8.5+0.3
t value 102.623 40.016 83.910
P-value <0.001 <0.001 <0.001

hs-CRP, high-sensitivity C-reactive protein; IL-1, interleukin-1;
TNEF-a, tumor necrosis factor-a.
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Figure 1. Correlation between hs-CRP level and ALT level in the observa-
tion group. There is a positive correlation between hs-CRP level and ALT
level in the observation group (r=0.8686, P<0.05). hs-CRP, high-sensitivity
C-reactive protein; ALT, alanine aminotransferase.
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Figure 2. Correlation between hs-CRP level and IgG level in the observa-
tion group. There is a positive correlation between hs-CRP level and IgG
level in the observation group (r=0.9240, P<0.05). hs-CRP, high-sensitivity
C-reactive protein; IgG, immunoglobulin G.

group were lower than those in the control group (P<0.05), and
the CD4*/CD8* ratio in the observation group was lower than
that in the control group (P<0.05) (Table II).

Comparison of the related indexes of hepatic function between
the two groups. The levels of indexes of hepatic function (ALT,
AST and total bilirubin) in the observation group were signifi-
cantly higher than those in the control group (P<0.05) (Table I1I).
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Figure 3.Correlation between hs-CRP level and CD4"* level in the observa-
tion group. There is a negative correlation between hs-CRP level and CD4*
level in the observation group (r=-0.9586, P<0.05). hs-CRP, high-sensitivity
C-reactive protein; CD4*, cluster of differentiation 4*.

Comparison of the related indexes of inflammatory response
between the two groups. The levels of hs-CRP, IL-1 and
TNF-a in the observation group were significantly higher than
those in the control group (P<0.05) (Table IV).

Correlation between hs-CRP level and ALT level in the
observation group. There was a positive correlation between
hs-CRP level and ALT level in the observation group
(r=0.8686, P<0.05) (Fig. 1).

Correlation between hs-CRP level and IgG level in the
observation group. There was a positive correlation between
hs-CRP level and IgG level in the observation group (r=0.9240,
P<0.05) (Fig. 2).

Correlation between hs-CRP level and CD4* level in the
observation group. There was a negative correlation between
hs-CRP level and CD4* level in the observation group
(r=-0.9586, P<0.05) (Fig. 3).

Discussion

Previous studies have shown that HIVVHCV co-infection,
compared with HIV mono-infection, causes more serious
damage to immune function, and has a greater impact on
hepatic function (10). hs-CRP is a commonly used clinical
marker of inflammation, and the liver is the main place for the
synthesis of hs-CRP. When the body's inflammatory response
occurs after infection, the hs-CRP level will be significantly
increased (11). Considering that HIV and HCV have the
same routes of transmission and susceptible populations, the
co-infection of HIV with HCV is common clinically (12). The
HIV patients complicated with HCV infection, compared with
HCV mono-infected patients, have more severe hepatic func-
tion impairment, which may develop into cirrhosis and even
hepatoma sooner and in a higher proportion (13).

In this study, we compared the humoral and cellular
immune functions of HIV/HCV co-infected patients, and
investigated the changes of hs-CRP, IL-1 and TNF-a in
the patients. According to the study of the related humoral
and cellular immune indexes, the levels of related humoral
immune indexes (IgG, IgA and IgM) in the observation group
(HIV/HCYV co-infected patients) were significantly lower than
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those of the control group, and the levels of CD4* and CD8*
were lower than those of the control group, and CD4*/CD8*
ratio was lower than that of the control group. It suggested
that HIV/HCV co-infection has a greater impact on immune
function, and both humoral immunity and cellular immunity
are significantly limited. In addition, through the comparative
study on the related indexes of hepatic function in the two
groups, it was found that the levels of indexes of hepatic func-
tion (ALT, AST and total bilirubin) in the observation group
were significantly higher than those in the control group. This
showed that HIVVHCV co-infected patients are impaired
in hepatic function more severely than HIV mono-infected
patients. At the same time, through the comparative study
on the related indexes of inflammatory response in the two
groups, it was found that the levels of hs-CRP, IL-1 and TNF-a
in the observation group were significantly higher than those in
the control group. It suggested that the inflammatory response
of HIV/HCV co-infected patients is more obvious, and the
levels of the related inflammatory cytokines are significantly
increased. Finally, the correlation study on hs-CRP level with
ALT level, IgG level and CD4* level in the observation group
suggested that the hs-CRP level was positively correlated with
ALT level and IgG level, and negatively correlated with CD4*
level in the observation group.

HCYV infection will cause significant changes in immune
function, and the hepatocellular inflammatory response
caused by it will lead to hepatocyte fibrosis (14). HIV infection
will directly cause the immune route activation of chemokine
CC subclass receptors, which will cause the activation of
hepatic stellate cells and lead to hepatic fibrosis (15). Among
them, hs-CRP is the most common inflammatory marker in
clinic. When the body has an inflammatory response, the
hs-CRP level will be significantly increased, and the increased
level of hs-CRP is positively correlated with inflammatory
response and also positively correlated with hepatic func-
tion impairment (16). HCV infection causes the activation of
immune cells, and leads to the increased secretion of hs-CRP
through positive feedback. In HCV infection, especially in the
acute infection period (17), the acute inflammatory response
induced by hs-CRP will further aggravate hepatocellular
injury and cause cirrhosis, even hepatoma (18). HIV infection
will mainly inhibit the function of CD4* T lymphocytes, and
lead to immune tolerance and the lack of effective defensive
ability of the body, then lead to a decrease in the ability of
the body to recognize and eliminate HCV and an increase
of the replication of HCV, and this will further cause an
increase in hs-CRP level, while a decrease in CD4* level (19).
IgG and IgM antibodies are non-protective antibodies, and
HCYV infection is mostly presented as the increase of IgG in
the acute infection period, while the increase of IgM in the
chronic infection period. HIV co-infection with HCV will
cause further deterioration of the hepatic function impairment
with a significant increase in IgG, which is associated with an
individualized ability to respond of the immune system, but
after HIV co-infection, it will be significantly decreased (20).

In conclusion, the humoral and cellular immune functions
of HIV/HCV co-infected patients are significantly limited,
their hepatic function is significantly impaired, and the levels
of inflammatory cytokines are significantly increased. Among
them, the hs-CRP level is positively correlated with hepatic
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function and humoral immune function, and negatively corre-
lated with cellular immune function.
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