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Abstract

Background: The ratio of CD4+/CD8+ has been used as a clinically index to evaluate patients’ immunity. Numet-
ous researchers have studied CD4+/CD8+ ratio in pulmonaty tuberculosis (PTB) patients. Howevet, the change of
CD4+/CD8+ ratio remains controversial. We present a meta-analysis of 15 case-control studies to identify the change
of CD4+/CD8+ ratio in PTB patients.

Methods: We assessed heterogeneity of effect estimates within each group using 12 test. Subgroup analysis was per-
formed to explore the potential source of heterogeneity. To investigate further the potential publication bias, we visu-
ally examined the funnel plots. For robustness of results, we performed sensitivity analysis by removing studies. Data
entry and analyses were carried out with RevMan 5.2 (The Nordic Cochrane Centre).

Results: Twelve peripheral blood studies were categorized into two subgroups. Eight studies presented a significant
dectease of CD4+/CD8+ ratio in PTB cases compared to healthy subjects (SMD: -0.45; 95% CI -0.65—0.25; 12 =
7%). Other four studies researched on the newly diagnosed patients presented a more seriously and significantly de-
crease (SMD: -2.17; 95% CI -2.61—1.74; 12 = 37%). The pooled analysis of bronchoalveolar lavage fluid (BALF) stud-
ies showed a significant increase of CD4+/CD8+ ratio using Flow Cytometry (FCM) (SMD: 4.75; 95% CI 3.44—6.05;
12 =0%).

Conclusion: The present meta-analysis indicated that there was a synthetic evidence for the reduced CD4+/CD8+
ratio in petipheral blood of PTB patients, especially newly diagnosed cases. Howevet, the CD4+/CD8+ ratio in
BALF was increased using method of FCM.
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Introduction

Globally there was an estimated 8.6 million new
cases of tuberculosis (IB) in 2013 and 1.3 million
deaths (1). Thus, TB is still a challenge as a global
health problem. Cell mediated immunity is partic-
ularly important in defense against Mycobac-te-
rium tuberculosis (MTB) infection and many types
of T lymphocytes including «f receptor T lym-
phocytes (CD4+ or CD8+), cytotoxic T lympho-
cytes and yd receptor T lymphocytes play their
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role in this regard (2). CD4+ T cells have an es-
sential role in this response and are supported by
other T-cell subsets such as CD8+ T cells, y6 T
cells (3). The T cell lymphocyte subset profile of
the peripheral blood, patticulatly the CD4+/CD8+
ratio, is treated as an indicator of personal immune
competence to infection.

Although decreased CD4+ T cell counts and
changes in CD8+ T cell counts with low

Available at:  http://ijph.tums.ac.ir



mailto:j.wang1988@hotmail.com

Yin et al.: The CD4+/CD8+ Ratio in Pulmonary Tuberculosis ...

CD4+/CD8+ ratio are pivotal immune abnormal-
ities in HIV patients, TB may be a cause of non-
HIV associated CD4+ lymphopenia (4). The ratio
of CD4+/CD8+ now has been used as a clinically
conventional index to evaluate TB patients’ im-
munity. Despite the pivotal importance of CD4+
and CD8+ lymphocytes in antimicrobial immunity
and many researchers have studied changes of
CD4+/CD8+ ratio in pulmonary tuberculosis
(PTB) cases, most reports of human disease are
based on findings in peripheral blood and Bron-
choalveolar Lavage fluid (BALF), but they have
obtained not exactly the same result.

Our objectives were to synthesize evidence from
case-control studies to identify the change of
CD4+/CD8+ ratio in PTB patients compared to
healthy subjects. We presented a meta-analysis of
15 case-control studies, which provided data on
CD4+/CD8+ ratio simultaneously from PTB
cases and healthy subjects to answer the following
question: What is the change of CD4+/CD8+
ratio in PTB cases compared to healthy subjects,
higher or lower? How strong is the change? The
data are combined statistically to provide a quanti-
tative estimate of CD4+/CD8+ ratio between
PTB cases and healthy controls.

Methods

Search Strategy and Study Selection

To identify eligible studies that address the value
of CD4+/CD8+ ratio in tuberculosis patients, we
performed a systematic literature search to identify
relevant studies in an electronic database, personal
reference collections of experts, reference lists of
papers of interest, and published review articles.
Studies published in English were searched for
through PubMed and Web of Science databases.
Search terms included ‘‘Tuberculosis”, “TB”,
“PTB”, and “CD4+/CD8+ ratio”. Searches were
limited to articles about human studies from 1990
to August 2014. We updated our searches on Au-
gust 1, 2014. Inclusion criteria of the studies were
met if they 1) provided or computed data on
CD4+/CD8+ ratio with mean * SD; 2) included
a control group of healthy subjects without TB; 3)
Patients without HIV and EPTB; 4) provide clear
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information of TB confirmation and information
of included patients; and 5) provide clear docu-
mentation of the operative techniques for quanti-
tying lymphocyte. If data were duplicated in more
than one study, the most relevant study was in-
cluded in the present analysis.

Quality assessment

Two investigators (Y.Y. and ].Q.) developed the
search strategy and one investigator (Y.Y.) con-
ducted the primary systematic search for all studies
meeting the predetermined inclusion criteria. The
titles and abstracts of eligible studies identified by
the primary search were screened. Study quality
assessment and data extraction were conducted if a
study met all inclusion criteria and no exclusion
criteria. A second investigator (J.QQ.) checked study
eligibility, quality assessment, and data extraction,
for validity and consistency. Full-text papers of the
identified citations were reviewed by both the pri-
mary and secondary investigators in order to select
the final studies. Any discrepancy was resolved by
consensus, and if needed, by consultation with the
third investigator (Y.P.D.).

Data Extraction

The following data were extracted from each
study: 1) the first author, year of publication, and
journal; 2) the country where the study was con-
ducted; 3) study design; 4) study population, num-
ber of cases/controls; 5) CD4+/CD8+ ratios
with mean®SD; 6) Method of quantifying lym-
phocyte; 7) Methodological details of confirma-
tion of TB.

Statistical Analysis

Heterogeneity of effect estimates within each
group of studies were assessed by y* —based Q -
tests and I” tests, where I* (%) > 50% or P < 0.10
was considered significantly heterogeneous (5).
For continuous data, if quantitative method is the
same, we adopted the weighted mean difference
(MD) as our analysis index. If they used different
measuring instruments or units for the same varia-
ble or there was large difference among the mean
value of numerical analysis, the standardized mean
difference (SMD) was adopted for analysis. We
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calculated 95% confidence interval (CI) of all
analysis. The fixed-effects model was first fitted for
all outcomes, and if the assumption of homoge-
neity of studies was violated (I was more than
50%), the random effects model was fitted (0).
Subgroup analysis was performed to explore the
potential source of heterogeneity. To investigate
the potential publication bias, we visually examined
the funnel plots. For robustness of results, we per-
formed sensitivity analysis by removing studies.

Data entry and analyses were carried out with
RevMan 5.2 (The Nordic Cochrane Centre).

Results

Description of Studies

Figure 1 provides the flow chart indicating the
literature review process. Based on the inclusion
criteria, 41 full articles were retrieved and 15 of
these were included in final analysis. Some studies
were excluded for the following reasons: 1) no
provision of specific data on CD4+/CD8+ ratio
(7-14); 2) cases of PTB was not representative,
patients were divided into different groups, such
as, cavitary and non-cavitary cases (15), poor gen-
eral condition and good general condition cases

(4), MDRTB and NRTB cases (16); 3) there was
no comparison group for healthy subjects (17-21);
4) there were EPTB and HIV patients included
(22- 29); 5) the method of quantifying lymphocyte
subpopulation was tentative (30, 31). All of these
15 studies were published in English. Tablel pre-
sents the characteristics of included 15 studies, n
= 424 PTB cases and n = 307 healthy subjects
reported. These included 10 studies researched on
peripheral blood, 3 studies researched on BALF
and 2 studies researched on peripheral blood and
BALF simultaneously. Eleven studies quantified
lymphocyte by FCM method and the rest by FM
method. They were all case-control studies. Three
studies (36.8%) were performed in the Iran (32-
34), whereas two each (10.5%) were in China (35,
36) and Turkey (37, 38), one each (5.3%) in Neth-
erland (39), Poland (40), Brazil (41), Kuwait (42),
India (43), South Africa (44), Taiwan (45), and
Saudi Arabia (46).

Outcome from eligible studies

Figure 2 summarizes the adjusted effect estimates
of the peripheral blood studies, 12 studies are cat-
egorized into two subgroups.

Table 1: Characteristic of the included studies

Reference Country Design Sample Method Control Confirmation of TB

131 China CC PB FCM HC Positive culture for M.tuberculosis.

2 (35) Iran CcC PB FCM HC Sputum smear-positive and radiographs.

3 (32) Iran CC PB FCM HC Clinical, radiological and sputum smear examinations.

4 (33) Netherland CcC PB/BALF FM HC Positive culture for M.tuberculosis, radiographs and
histology.

5(39) Turkey CC PB FCM HC Clinical, radiological and sputum smear examinations.

6 (37) Poland CC PB FCM HC Clinical, radiological examinations and sputum or
bronchial washing culture.

7 (40) Brazil CcC PB FCM HC Clinical, radiological signs and culture positive from
fluid or pleural fragments.

8 (41) Iran CC PB FCM HC Sputum smear-positive and radiographs.

9 (34) Kuwait CC PB FCM HC Sputum-positive for TB.

10 (42) India CC PB M HC Sputum-positive for acid-fast bacilli.

11 (43) China CcC BALF FCM HC Sputum-positive for acid-fast bacilli and grew
M.tuberculosis.

12 (36) Turkey CC BALF FM HC Clinical, radiological featutes and M.tuberculosis in spu-
tum, aspirate, or SAL samples.

13 (38) South Africa CC PB/BALF FM HC Serum albumin, radiography, full blood counts and PPD.

14 (44) Taiwan CC BALF FCM HC Sputum smear-positive.

15 (45) Saudi Arabia CC PB FCM HC Symptoms of TB and sputum smear and/or culture
positive.

CC case—control study, PB Peripheral blood sample, BALF Bronchoalveolar Lavage, FCM Flow Cytometry, FM Fluorescence Mi-
croscope, HC healthy controls.
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341 records 4 additional
identified through records identified
database through other
searching sources
283 records
screened after 62 242 records
duplicates excluded
removed (not relevant)
41 full-text 26 full-text articles

for el

articles assessed

ibility

excluded with
reasons (see text)

15 studies
included in
quantitative

Fig. 1: Flow diagram of studies selection procedure

The forest plot shows a significant lower of
CD4+/CD8+ ratio in pulmonary tuberculosis
compared to healthy controls in the normal Pe-
ripheral blood studies (SMD: -0.45; 95% CI -0.65—
-0.25; = 7%). There are 4 studies researched on
the newly diagnosed and before treatment patients
compared to healthy controls, which is different
from other 8 studies, based on available data,
CD4+/CD8+ ratio in these 4 studies decreased
more seriously and significantly (SMD: -2.17; 95%
CI -2.6 —1.74; I> = 37%). Figure 3 summarizes the
adjusted effect estimates of 5 BALF studies,
which are categorized into two subgroups by the
method of quantifying lymphocyte subpopulation,
FCM (Flow Cytometry) and FM (Fluorescence
Microscope). The forest plot shows a significant
increase of CD4+/CD8+ ratio in pulmonary tu-
berculosis in studies of FCM (SMD: 4.75; 95% CI
3.44-6.05; I* =0%) , we did not report the sum-
mary effect estimates of the FM studies due to
substantial heterogeneity (I: 93%).

PTB HC Std. Mean Difference Std. Mean Difference
Stud Sut M SD_Total M SD_Total Weigl IV, Fixed. 95% Cl IV. Fixed. 95% Cl
1.1.1 Peripheral blood
Figen 2006 157 0.75 75 1.69 046 20 13.9% -0.17 [-0.66, 0.32] i
FM 2008 1.1 043 54 14 04 25 14.3% -0.71[-1.19, -0.22) a
G M Ainslie 1992 1.76 0.88 1 22 05 12 4.8% -0.60 [-1.44, 0.24) AR
J. WINEK 2008 163 0.77 51 1.82 0.94 20 126% -0.23 [-0.75, 0.29] o
Lucia 2008 13 08 14 21 07 20 6.3% -1.05 [-1.79, -0.32) =
Marjolein 1994 19 03 4 1.8 03 6 21% 0.30 [-0.98, 1.58] I
Setareh 2008 1.32 0.67 26 1.75 0.64 16 8.3% -0.64 [-1.28, -0.00] =
Uppal 2004 125 097 39 155 0.67 55 19.8% -0.37 [-0.78, 0.05] Bl
Subtotal (95% Cl) 274 174 821% -0.45 [-0.65, -0.25) ¢
Heterogeneity: Chi* = 7.53,df =7 (P =0.38); = 7%
Test for overall effect: Z = 4.33 (P < 0.0001)
1.1.2 Newly diagnosis
Farah-Dokht 2006 0.85 0.05 23 161 06 20 6.5% -1.82 [-2.54, -1.10] 5
M. Bose 1995 0.81 0.14 10 1.85 0.35 10 1.4% -3.74 [-5.30, -2.18)
YE Wu 2009 1.08 0.29 21 16 041 15 47% -2.20 [-3.05, -1.34) -
Zohreh 2005 08 04 20 1.5 02 20 53% -2.17 [-2.97, -1.37) -
Subtotal (95% Cl) 74 65 17.9% -2.17 [-2.61, -1.74) <
Heterogeneity: Chi? = 4.78, df = 3 (P = 0.19); I* = 37%
Test for overall effect: Z = 9.77 (P < 0.00001)
Total (95% Cl) 348 239 100.0% -0.76 [-0.94, -0.57] ¢

t t t

Heterogeneity: Chi? = 61.66, df = 11 (P < 0.00001); I* = 82%
Test for overall effect: Z = 8.06 (P < 0.00001)
Test for subaroup differences: Chi* = 49.36. df = 1 (P < 0.00001). I* = 98.0%

HC Healthy Control, PTB pulmonary tuberculosis.

-4 -2 0 2 4
Favours [experimental] Favours [control]

Fig. 2: Forest plot of 12 peripheral blood studies on the CD4+/CD8+ ratio of PIB group and HC group
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PTB HC Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Flowcytometry
C-H. Wang 1999 29 04 9 12 02 10 39% 5.23(3.16,7.30) e
Han-Pin 1993 28 04 12 13 02 10 60% 4.43(2.76,6.10) =———
Subtotal (95% Cl) 21 20 9.9% 4.75[3.44, 6.05] <
Heterogeneity: ChP = 0.34, df =1 (P = 0.56), F= 0%
Test for overall effect: Z=7.15 (P < 0.00001)
1.1.2 Fluorescence microscope
G M Ainslie 1992 123 028 11 198 036 12 143% -2.23[-3.31,-1.19 -
GERHARD 1994 21 16 40 14 08 30 720% 0.52(0.04,1.01)
Marjolein 1994 1.8 03 4 26 02 6 38% -2.98 [-5.08,-0.89) -
Subtotal (95% C) 55 48 90.1% -0.06 [-0.49, 0.37]
Heterogenetty: Chi = 28.52, df = 2 (P < 0.00001); F=93%
Test for overalleffect: Z=0.27 (P= 0.79)
Total (95% Cl) 76 68 100.0% 0.42[0.01, 0.82]
Heterogenetty: ChF = 76.08, df = 4 (P < 0.00001); F= 95% R R

Test for overall effect: Z = 1.99 (P = 0.05)

Test for subaroun differences: ChF = 47.22. df = 1 (P < 0.00001). F= 97.9%

HC Healthy Control, PTB pulmonary tuberculosis.

Favours [experimental] Favours [control]

Fig. 3: Forest plot of 5 BALF studies on the CD4+/CD8+ ratio of PTB group and HC group

Sensitivity Analysis

In the studies of peripheral blood, after removing
a study with soldiers (42), the summary SMD was
-0.47 (95% CI -0.71—0.24; T = 18%. To analyze
further the sensitivity of included studies, two
studies were excluded because the method of
quantifying lymphocyte subpopulation was Fluo-
rescence Microscope instead of Flow Cytometry.
The results of the sensitivity analysis show that
with either Ainslie’s or Marjolein’s study excluded,
the summary SMD were -0.46 (95% CI -0.71—
0.22; I = 31%) and -0.50 (95% CI -0.74—0.26; T*
= 15%), respectively, were still near to the results
before they were excluded. Regarding the sub-
group of newly diagnosis, after removing a study
which quantifying method was FM, the summary
SMD was -0.95 (95% CI -2.49—1.59; 1> = 0%), the
result was also stable. With regard to BALF stud-
ies, we could not make the summary estimation in
FM subgroup because of a substantial heterogene-
ity among FM studies (I>: 93%) and there is no
need to analyze the sensitivity in the FCM sub-
group because of there are only two studies.
Hence, the results of the sensitivity analysis indi-
cate that the results of our study are reliable and
believable.
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Publication bias

We assessed the publication bias of the literature
by the funnel plot in studies of peripheral blood
and BALF, respectively. Funnel plot analysis did
not detected obvious publication bias as the shape
of the funnel plot did not reveal any evidence of
obvious asymmetry (not shown).

Discussion

T-lymphocyte subsets, particularly CD4+ and
CD8+ T cells, play a crucial role in immunity
against mycobacterium infections (3, 47). In gen-
eral, there were numerous researchers have stud-
ied changes of CD4+/CD8+ ratio (index of cell
mediated immunity) in peripheral blood and
BALF with TB patients, but they have obtained
not exactly the same results.

Several studies indicated that there was a signifi-
cant decrease of CD4+/CD8+ ratio in peripheral
blood in pulmonary TB cases due to reduced
CD4+ T cells counts, but the change of CD8+ T
cells was inconsistent (41, 46). Others indicated
that there was no significant change of
CD4+/CD8+ ratio but significantly dectreased in
number of CD4+T cells (37, 40, 42), and the
change of CD8+ T cells was reduced or not
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changed. The studies researched on lymphocyte
subpopulation in newly diagnosed TB cases be-
fore treatment showed that the CD4+/CD8+ ra-
tio in peripheral blood was significantly lower in
newly-diagnosed TB patients with a decrease of
CD4+ T cell counts and an increase of CD8+ T
cell counts (35, 32, 33). And, after several months
of anti-tuberculosis therapy, the CD4+/CD8+
ratio in newly-diagnosed cases showed clinical im-
provement, and recorded a rise to near normal (33,
43).

However, the results of CD4+/CD8+ ratio in
bronchoalveolar lavage (BALF) were different.
Hanpin’s result showed that the CD4/CD8 ratio
was significantly higher in TB patients, when com-
pared with corresponding controls (42). The simi-
lar result was reported by Wang’s group (45). Ger-
hard’s research also showed that the CD4/CDS8
ratio was slightly higher in tuberculosis patients
than in control subjects, but the difference was
not statistically significant (38). Actually, the re-
duced CD4/CDS ratio in BALF was also reported
(39, 44).

These findings accord with the results obtained
from previous studies that suggest a decreased
CD4+ lymphocyte percentage in the peripheral
blood of TB patients. This could be interpreted as
indicating that CD4+ cells are critical for M tuber-
culosis infection. Regarding to the change of
CD8+ lymphocyte percentage, and the role of
CD8+ T cells in human immune responses to M
tuberculosis, is not well defined. From these find-
ings, we can hardly get a conclusion for the
change of CD4+/CD8+ ratio in TB cases by con-
sensus except in the newly diagnosed TB patients,
four studies uniformly indicated the notable de-
creased CD4+/CD8+ ratio in the peripheral
blood. We synthesized 12 studies to compare
CD4+/CD8+ ratio in the peripheral blood from
healthy controls and patients. Our results strongly
indicated that CD4+/CD8+ ratio in peripheral
blood reduced significantly, especially in the newly
diagnosed subgroup. However, CD4+/CD8+
ratio in BALF studies was completely different
with the result of peripheral blood studies. We
used meta-analysis to synthesize 5 studies, which
are categorized into two subgroups by the method
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of quantifying lymphocyte subpopulation, FCM
(Flow Cytometry) and FM (Fluorescence Micro-
scope). The synthesized result showed a signifi-
cant increase of CD4+/CD8+ ratio in pulmonary
tuberculosis in studies of FCM. However, we did
not report the summary effect estimates of the
FM studies due to substantial heterogeneity.
Several limitations of our study should be consid-
ered. First, the studies retrieved in the analysis
were full text in English searched on PubMed and
Web of Science, so publication bias cannot be ex-
cluded. Second, the number of studies and partici-
pants for analysis was not large enough for analy-
sis such as only four studies investigated in sub-
group of newly diagnosis and only five studies re-
searched on BALF. Furthermore, due to lack of
appropriate data, the association of CD4+/CD8+
ratio and other important clinical parameters was
not explored. Thus, better-designed studies are
needed to present results that are more reliable.

Conclusion

The present meta-analysis indicates that there is
synthetic evidence for the reduced CD4+/CD8+
ratio in peripheral blood in TB cases, especially
newly diagnosed cases, the reduction is more se-
vere. Differently, the CD4+/CD8+ ratio in BALF
in TB cases is increased in the studies of using
FCM method to quantify lymphocyte subpopula-
tion. Further studies to understand the association
between M. tuberculosis and  the value of
CD4+/CD8+ ratio in different parts of patients
are recommended. Moreover, there is a need to
further evaluate the mechanisms leading to these
changes so as to understand the pathogenesis and
prognostic markers of the disease and to develop
immunomodulatory methods of therapy.
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