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Background: Chlamydia pneumoniae causes respiratory infection in adults and children. 
Previous studies in our laboratory identified significantly higher in vitro T lymphocyte 
responses to C. pneumoniae in children with asthma compared to healthy controls which 
may indicate the presence of T effector memory (TEM) lymphocytes.
Aim: In the present study, healthy subjects were screened for the presence of TEM cells and 
their cytokines. CCR7 negative effector TEMs may indicate persistent infection with 
C. pneumoniae.
Methods: Peripheral blood mononuclear cells (PBMC) (1×106/mL) from adult non- 
asthmatic subjects were infected for 1h ± C. pneumoniae TW-183 at a multiplicity of 
infection (MOI) = 0.1 and cultured (48 hrs). Distributions of lymphocytes (CD4+, CD8+) 
and TEM cells (CD4+CCR7+CD45RA+CD154+, CD8+CCR7+CD45RA+CD154+) were 
determined. Levels of intracellular interleukin (IL)-2, IL-4, and interferon (IFN)-gamma 
were measured (flow microfluorimetry); IFN-gamma was measured in supernatants (ELISA).
Results: C. pneumoniae infection led to a decrease in numbers of CD8+ TEM and CD8 
+CD154+ cells; CD4+TEM and CD4+CD154+ cells did not change. Numbers of TEM cells 
(CD4+IL-2+, CD8+ IL-2+) also decreased. However, number of TEM cells (CD4+IL4-+, 
CD8+ IL-4+) and (CD4+ IFN-gamma+, CD8+IFN-gamma+) did not change. When stratified 
according to IFN-gamma+ status, numbers of CD4+ IL-2+ and CD4+IL-4+ TEMs increased; 
CD8+IL-2+ and CD8+ IL-4+ TEMs decreased.
Conclusion: C. pneumoniae-induced PBMC IFN-gamma+ responses increased numbers of 
CD4+ IL-2+ and CD4+IL-4+ TEM cells, while CD8+IL-2+ and CD8+IL-4+ TEMs 
decreased. Production of IFN-gamma by C. pneumoniae infected PBMC should be further 
studied as a biomarker of persistent infection in humans.
Keywords: C. pneumoniae, T effector memory lymphocytes, interleukin-2

Introduction
Chlamydia pneumoniae (C. pneumoniae) is an intracellular bacterium that infects 
humans; it causes respiratory infections1,2 in asthmatic and non-asthmatic 
subjects.2–5 C. pneumoniae activation of immune cells (eg, monocytes/macro
phages, epithelial cells) in vitro produce cytokines that may contribute to the 
pathology observed in asthma; protective immune responses against respiratory 
infection are also reduced.2 However, in children with chronic respiratory disease 
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(CRD), C. pneumoniae infection triggers the production of 
pathogen-specific Immunoglobulin (Ig) E and contributes 
to inflammatory responses.6 C. pneumoniae infection treat
ment includes tetracyclines or erythromycin; tetracyclines 
have been reported to have beneficial effects in patients 
with asthma.2,7,8

Previous studies in our laboratory demonstrated that 
C. pneumoniae was present in 11% of wheezing 
children.3 Other studies in our laboratory found an asso
ciation of specific IgE responses to C. pneumoniae in 86% 
of C. pneumoniae positive children with asthma compared 
with 9% of culture positive patients with pneumonia who 
did not have asthma.9,10 Prior literature reported that 
C. pneumoniae could enter a persistent state in vitro spon
taneously, after treatment with cytokines such as interferon 
(IFN)-gamma, antibiotics or nutrient restriction.11–13 

Following acute respiratory infection, long-term culture 
positivity in nasopharyngeal (NP) specimens can occur 
for up to 6 months,3,14 and has been associated with 
continuing clinical symptoms of asthma.3

Diagnostic testing for C. pneumoniae using NP speci
mens may underestimate persistent infection; the pre
sumed focus of infection in asthma is the lower airway. 
The chlamydial load may also be low. Other studies 
reported that after acute infection with C. pneumoniae, 
positive lymphocyte proliferation and secretion of IFN- 
gamma were detected in vitro.15 In that study, lymphocyte 
responses to C. pneumoniae declined following the acute 
phase of infection.15 Persistence of IFN-gamma responses 
was observed up to 16 weeks following acute infection in 
a subset of C. pneumoniae positive subjects.15

Earlier studies in our laboratory demonstrated important 
immunological differences between asthmatics and non- 
asthmatic subjects in regard to the host response to 
C. pneumoniae.16 In peripheral blood mononuclear cells 
(PBMC) obtained from adult asthmatics, C. pneumoniae sti
mulation induced predominant production of T helper (Th) 2 
responses and IgE.16 These responses may indicate chronic 
inflammation, which can be related to persistent infection. In 
addition, we found that C. pneumoniae-induced IFN-γ pro
duction in vitro was more prevalent in pediatric patients with 
asthma compared with non-asthma; this is consistent with the 
presence of circulating T memory lymphocytes.17 Since cell- 
mediated immunity (CMI) of the Th1 type is required for 
optimal control of chlamydial infections in vivo one might 
expect persistent infection in individuals with decreased Th1 
and/or increased Th2 type responses.18,19 However, the 
observation of a positive IFN-gamma PBMC response in 

the presence of C. pneumoniae-specific T effector memory 
cells (TEMs) would indicate persistent C. pneumoniae 
infection.

Prior literature has reported that circulating memory 
cells responsive to chlamydial antigens are found in 
humans;19,20 they are specialized to handle infection aris
ing within peripheral organs due to their cytotoxicity and 
ability to localize to tissues. TEMs may play a role in 
immunoprotection and immunopathology following recog
nition of C. pneumoniae-infected cells. Effector memory 
T lymphocytes have been demonstrated in other human 
latent infections (eg, tuberculosis).21 Thus, the presence of 
TEMs may indicate either past or persistent infection 
depending on their characteristics.

The aim of the current study was to expand the existing 
knowledge of effector memory T lymphocytes through 
identification of C. pneumoniae specific CD4+ and CD8+ 
TEMs and their cytokines (IL-4, IL-2, IFN-gamma) in 
C. pneumoniae-stimulated PBMC in non-asthmatic sub
jects without respiratory illness. When stratified according 
to IFN-gamma+ status, numbers of CD4+ IL-2+ and CD4 
+IL-4+ TEMs increased while CD8+IL-2+ and CD8+ IL-4 
+ TEMs decreased.

Materials and Methods
Study Population
The study population consisted of patients (≥18 years old) 
who visited the outpatient clinic of the Department of 
Medicine at SUNY Downstate Medical Center 
(Brooklyn, NY) between June and August 2019. The 
inclusion criteria were: (1) non-asthmatic adult without 
clinically defined persistent asthma symptoms,22 (2) low 
serum IgE levels (<100 IU/mL) and (3) no other chronic or 
severe respiratory disease (eg, tuberculosis, emphysema, 
bronchiolitis or diffuse lung disease). Exclusion criteria 
included subjects with asthma, severe respiratory disease 
or human immunodeficiency virus (HIV)-1. All subjects 
had an NP swab tested for C. pneumoniae (determined by 
PCR), and peripheral blood (10mL) was collected. All 
demographic and clinical data were obtained from electro
nic medical records (EMRs) and reviewed at the time of 
enrollment. The study was approved by the SUNY 
Downstate Medical Center Institutional Review Board 
(Brooklyn, NY) and human studies adhered to the World 
Medical Association Declaration of Helsinki. Written 
informed consent for participation and publication was 
obtained from all participants.
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Immunoglobulin Determination: Total 
Serum IgE
Total serum IgE levels were determined in serum using the 
UniCap Total IgE fluoroenzyme immunoassay (Pharmacia 
and Upjohn Diagnostics, Freiburg, Germany) as pre
viously described.17,23 Tests were performed in the 
Clinical Diagnostic Laboratory at SUNY Downstate 
Medical Center (Brooklyn, NY).

Preparation of C. pneumoniae
C. pneumoniae TW-183 (ATCC; Manassas, VA) was pro
pagated in HEp-2 cells as previously described.24,25

Cell Cultures
PBMC were separated from blood on a Ficoll-Paque (GE 
Healthcare, Sweden) gradient (density 1.077) and put into 
cell culture as previously described,23 at 37°C in cRPMI 
medium in a humidified 5% CO2 atmosphere for 2 days. 
Cell viability was determined at 0 and 48 hrs (>98% and 
95%, respectively), in the absence of infection with 
C. pneumoniae.

In vitro Infection with C. pneumoniae
Following a 2 hr incubation to allow adherence, cell cultures 
were infected with C. pneumoniae (by adding purified EB for 
1hr), or mock-infected (MI) for 48 hrs (IFN-gamma) at 37°C 
in cRPMI in a humidified 5% CO2 atmosphere, as previously 
described.23 The cytokine assay (IFN-gamma) was run using 
supernatants collected from above cultures. The multiplicity 
of infection (MOI; 0.1) and time points (48h p.i. for 
cytokines)26 used for analysis were selected based on kinetic 
and dose response studies (using MOI of 0.01–10) for opti
mization of the assay. Two types of controls were used in 
infection experiments: identical volumes of heat-inactivated 
purified C. pneumoniae26 and identical volumes of HEp-2 
cell cultures not containing any bacteria processed the same 
way as the purified C. pneumoniae25 based on dose-response 
experiments.

Cytokine (IFN-Gamma) Determination: 
ELISA
For the in vitro quantitative determination of human cyto
kine content in cell culture supernatants, a solid-phase 
sandwich ELISA assay was performed using the Human 
IFN-gamma ELISA kit (Abcam, Cambridge, MA), accord
ing to the manufacturer’s recommended procedure. Cell 
culture supernatants were collected at 48 hr p.i. by 

centrifugation, and samples were stored at −80° until ana
lysis. Sensitivity for cytokine assay was <15.0 pg/mL.

Quantitative Real-Time Polymerase Chain 
Reaction (qPCR) of Bacteria in Swabs and 
Cultures
Extractions of bacterial DNA from NP swab specimens27 and 
PBMC were performed using a QIAAmp DNA Mini-Kit 
(Qiagen Inc., Valencia, CA), according to manufacturer’s 
recommendations, as previously described.27,28 Specimens 
were tested for the presence and quantification of 
C. pneumoniae and M. pneumoniae DNA, using TAQMan 
technology-based qPCR (Light Cycler 2.0 platform; software 
version 4.0, Roche Diagnostics Corp, Indianapolis, IN), as 
previously described.27,28 A specimen from either nostril that 
was positive for C. pneumoniae defined a positive result.

Determination of Cell Surface Markers
Single- and dual-color immunophenotyping of lymphocytes 
was performed at 48hr as described in our previous 
studies16,29 with modifications for intracellular staining. 
Gating strategies included forward and side scatter, single 
parameter histograms, two-parameter density plots, and 
back-gating to confirm gating strategies. Antibodies (Abs) 
used included mouse anti-human monoclonal antibodies 
(mAbs) (of the IgG1 isotype): fluorescein isothiocyanate 
(FITC)-conjugated CD3, CD14, CD45RO, CD45RA, 
CD154, CCR7, IL-2, IL-4, IFN-gamma; phycoerythrin 
(PE)-conjugated CD8 and CD4-perCP; and the following 
Simultest (FITC/PE-conjugated) reagents: CD4/CD8, CD3/ 
CD19. All mAbs were purchased from BD Biosciences (San 
Diego, CA) or R&D Systems (Minneapolis, MN), and 
titrated to obtain maximum staining efficiency according to 
manufacturer’s recommendation. Flow cytometric analysis 
was performed on a Coulter Epics XL/MCL Flow 
Cytometer using System II software (Coulter, Miami, FL) 
and CytoComp (Coulter). The total numbers of lymphocytes 
were calculated from the white blood cell (WBC) count 
(total lymphocytes/mm3 or percentage total lymphocytes).

Determination of C. pneumoniae 
Activated TEMs
TEMs are commonly found in the presence of persistent 
viral infections and can be characterized by expression of 
either CD4, CD8, CD45RO, CD45RA, CCR7, CD154, 
IFN-gamma, IL-2, IL-4. Based on recent experiments,30 
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we established a cut-off (50% increase in TEMs 48 hrs 
post-stimulation).

Statistical Analysis
Data are expressed as means ± SD unless otherwise indi
cated. All statistical analyses were performed using 
Windows v.12.0 software (SPSS Inc., Chicago, IL).

Results
Study Population
The population studied included blood and plasma sam
ples from five non-asthmatic adult patients: 2 males (ages 
24, 51) and 3 females (ages 51, 59, 65). Total serum IgE 
levels were low (<100 IU/mL) in all subjects. Subjects 
tested negative for C. pneumoniae.

Phenotypic Determination of C. 
pneumoniae-Activated TEMs .
TEMs are cells that are either CD4+ or CD8+ and are 
CCR7-, CD45 RO+ and CD154+. These T cells are acti
vated by known antigen (ie, C. pneumoniae). We then 
characterized the cytokine profile of the C. pneumoniae- 
activated CD4+154+ and CD8+CD154+ T cells by analyz
ing distributions of IL-2+, IL-4+ and IFN-gamma+ cells.

Total CD4+ and CD8+ TEMs and CD154 
+ TEMs
C. pneumoniae infection (48 hr) led to a decrease in 
average numbers of CD8+ TEM and CD8+CD154+ cells 
(50%, 33%, respectively) (Figure 1A and B); numbers of 
CD4+TEMs and CD4+CD154+ cells did not change (at 

1:10 or 1:100) (Figure 1A and B). However, numbers of 
CD4+CD154+ TEMs were 4-fold higher than numbers of 
CD8+CD154+ TEMs (Figure 1B).

CD4+ IL-2+, CD8+ IL-2+ TEMs
C. pneumoniae infection (48 hr) led to a decrease in 
numbers of CD4+IL-2+ and CD8+ IL-2+ TEMs (~27%, 
50%, respectively) (Figure 2A)

CD4+IL-4+, CD8+IL-4+ TEMs and CD4 
+IFN-Gamma+, CD8+IFN-Gamma+ 
TEMs
C. pneumoniae infection (48 hr) did not change numbers 
of CD4+IL-4+ or CD8+IL-4+ TEMs. Numbers of CD4+ 
IFN-gamma+ and CD8+IFN-gamma+ were low and did 
not change (at 1:10 or 1:100) (Figure 2B and C).

C. pneumoniae-Induced IFN Gamma 
Levels
IFN-Gamma Levels in Supernatants
C. pneumoniae induced IFN-gamma responses were 
measured on days 3, 5 and 7 post-infection. PBMC 
were infected using 2 different concentrations of 
C. pneumoniae (1:10, 1:100). At each time point, IFN- 
gamma levels were higher at the 1:10 compared with 
1:100 concentration. IFN-gamma levels ranged from 
204 pg/mL ± 85 to 541 pg/mL± 467, with levels 
peaking on day 5 post-infection (Figure 3). IFN- 
gamma levels (1:10) were >50% higher on day 5, 
than on day 3.

Figure 1 Phenotypic determination of C. pneumoniae-activated TEMs. (A) Total CD4+ and CD8+ TEMs. (B) CD4+CD154+ and CD8+CD4+ TEMs. See materials and 
methods. Blue box: CD4+ T cells. Red box: CD8+ T cells.
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IFN-Gamma Levels Stratified According to CD4+ 
and CD8+ TEMs
In each subject, IFN-gamma responses were then stratified 
according to CD4+CD154+ and CD8+CD154+ TEMs. 

Numbers of CD4+CD154+ and CD8+CD154+ TEMs were 
elevated in 25% of subjects (Figure 4A). In subject with high 
IFN-gamma response (represented in Figure 4A, subject 1), 
numbers of CD4+ CD154+ and CD8+CD154+ TEMs levels 

Figure 2 Phenotypic determination of C. pneumoniae-activated TEMs. (A) CD4+ IL-2+, CD8+ IL-2+ TEMs. (B) CD4+IL-4+, CD8+IL-4+ TEMs. (C) CD4+IFN-γ+, CD8 
+IFN-γ+ TEMs. See materials and methods. Blue box: CD4+ T cells. Red box: CD8+ T cells.

Figure 3 C. pneumoniae-induced IFN–γ levels in cell culture supernatants. C. pneumoniae induced IFN-γ responses were measured on days 3, 5 and 7 post-infection (ELISA) 
(N=4). See materials and methods. Data are reported as pg/mL.
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were higher than in subject with low IFN-gamma response 
(represented in Figure 4A, subject 4) (Figure 4B).

CD4+ and CD8+ TEMS Stratified According 
to IFN-Gamma Levels in Subjects
IFN-Gamma Positive
Subject who was IFN-gamma positive had an increase in 
CD4+IL-2+ and CD4+IL-4+ TEMs (Figure 5A), while num
bers of CD8+IL-2+ and CD8+IL-4+ TEMs decreased from 
baseline (Figure 5B). Numbers of CD4+IFN-gamma+ and 
CD8+IFN-gamma+ TEMs were low and did not change.

IFN-Gamma Negative
Subjects who were IFN-gamma negative had a decrease in 
total number of TEMs and CD4+IL-2+, CD4+IL-4+ 
TEMs, CD8+IL-2+ and CD8+IL4+ TEMs from baseline 

(Figure 6A and B). Numbers of CD4+IFN-gamma+ and 
CD8+IFN-gamma+ TEMs were low and did not change.

Discussion
In this study C. pneumoniae-induced PBMC IFN-gamma 
+ responses increased numbers of CD4+ IL-2+ and CD4 
+IL-4+ TEMs, while numbers of CD8+IL-2+ and CD8 
+IL-4+ TEMs decreased. The observation of a combined 
IFN-gamma and CD4+ T cell memory response in 
healthy individuals may be associated with specific 
responses against C. pneumoniae antigens associated 
with persistent infection. Little is known about the role 
of C. pneumoniae-specific TEMs in humans; additional 
data are needed to provide an understanding of the role 
of C. pneumoniae-specific TEMs and the cytokines 

Figure 4 C. pneumoniae-induced IFN–γ levels stratified according to CD4+ and CD8+ TEMs. (A) Numbers of CD4+154+ and CD8+CD154+ TEMs (N=4), (B) numbers of 
CD4+154+ and CD8+CD154+ TEMs in representative IFN-γ positive and IFN-γ negative subject. See materials and methods. Blue box: CD4+ T cells. Red box: CD8+ 
T cells.

Figure 5 CD4+ and CD8+ TEMs stratified according to IFN-γ levels in IFN-γ positive subject. (A) CD4+, CD4+ IFN-γ+, CD4+IL-2+ and CD4+IL-4+ TEMs. (B) CD8+, 
CD8+ IFN-γ+, CD8+IL-2+ and CD8+ IL-4+ TEMs. See materials and methods.
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required for identification of past or persistent infection 
in mammalian cells.

Humoral and CMI contribute to protection against viral 
infections.31 The anti-viral effect of CMI is through virus- 
specific CD4+ and CD8+ T cells by cytokine production and 
killing virus-infected cells.32 Virus-specific CD4+ T-cell 
responses against chronic viruses are characterized by secre
tion of interferon-gamma (Th1 type response).32 Virus-specific 
CD8+ T-cell responses produce many factors, including IFN- 
gamma, tumor necrosis factor (TNF)-α, and macrophage 
inflammatory protein-1β (MIP-1β).32 During primary 
C. pneumoniae infection and reinfection, CD4+ and CD8+ 
T cells play a protective role in mouse models of 
infection.33–35 This observation may suggest development of 
C. pneumoniae-specific memory T cells.20 Virus-specific 
memory T cells have also been reported in other persistent 
infections (cytomegalovirus, varicella-zoster virus, Epstein- 
Barr virus and HIV).32

In the current study, C. pneumoniae infection led to 
a decrease in total numbers of CD8+TEM and CD8 
+CD154+ cells, but numbers of CD4+TEM and CD4 
+CD154+ cells did not change. In addition, numbers of 
TEM cells (CD4+IL-2+, CD8+ IL-2+) decreased. 
However, numbers of TEM cells (CD4+IL-4+, CD8+IL-4 
+) did not change in our stimulation system. This may 
indicate the low prevalence of C. pneumoniae-specific circu
lating memory cells in our subjects. Another possible expla
nation may be that C. pneumoniae inhibits C. pneumoniae- 
specific CD8+ memory T cells; these cells might be altered 
during infection and become functionally defective. 
However, IFN-gamma secretion has been reported as 
a necessary component for controlling C. pneumoniae 

infection. Thus, overall, our data argue that CD4+TEM and 
CD4+ CD154+ T cells are necessary for sustaining T cell 
effector activity in activated Th1 cells. Our studies are in 
agreement with earlier studies of Bunk et al who reported that 
Chlamydia pneumoniae-induced memory CD4+ T cell 
responses involving the production of IFN-gamma and/or 
IL-2 were found in PBMC of healthy humans without acute 
respiratory infection.20 When cells were restimulated with 
C. pneumoniae, the majority of cytokine-producing CD4+ 
T cells expressed CD154, a marker for CD4+ T cells acti
vated with antigen.20 Studies of others also demonstrated that 
CD154 is a specific marker of Ag-specific CD4+ T cells 
producing IFN-γ, IL-2, or TNF-α.36,37

IFN-gamma contributes to protective immunity against 
infectious diseases.38 However, the role of IFN-gamma on 
the protective immunity to influencing TEM expression and 
activity in effector CD4+ or CD8+ T cells during 
C. pneumoniae infection is unclear. Our next observation 
was that when subjects were stratified according to IFN- 
gamma+ status, subjects who were IFN-gamma negative 
had a decrease in total number of TEMs and CD4+IL-2+, 
CD4+IL-4+ TEMs, CD8+IL-2+ and CD8+IL-4+ TEMs. 
Subjects who were IFN-gamma positive had an increase in 
CD4+ IL-2+ and CD4+IL-4+ TEMs, while numbers of CD8 
+IL-2+ and CD8+ IL-4+ TEMs decreased. These findings 
are suggestive of an important role for CD4+ and CD8 
+TEMs in IFN-gamma positive producing PBMC in 
response to C. pneumoniae infection. It could be speculated 
that these TEM cells and cytokines generate multifunctional 
inflammatory responses against C. pneumoniae infection and 
that specific TEMs have the potential to control cytokine- 
induced inflammatory responses in the presence of infection 

Figure 6 CD4+ and CD8+ TEMS stratified according to IFN-γ levels in IFN-γ negative subjects. (A) CD4+, CD4+ IFN-γ +, CD4+IL-2+ and CD4+IL-4+ TEMs. (B) CD8+, 
CD8+IFN-γ +, CD8+IL-2+ and CD8+IL-4+ TEMs. See materials and methods.
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or during recovery from infection. In asymptomatic persons, 
the presence of CD4+TEMs and IFN-gamma secretion by 
PBMC may indicate persistent infection because effector 
memory cells should disappear from peripheral blood once 
someone has recovered from acute infection.

In infectious diseases, toll like receptors (TLRs) 
induced by IFN-gamma help phagocytic cells recognize 
pathogen.38 IFN-gamma contributes to CD4+ T cell differ
entiation to a Th1-type phenotype by activating signal 
transducer and activator of transcription (STAT) proteins 
that increase the T cell response to IL-2.39 It is well 
established that control and clearance of bacterial and 
viral infections depend on antigen-specific IFN-gamma 
secreting T helper cells.40,41

There are limitations that should be mentioned includ
ing small sample size of the study population. Small 
sample size may contribute to decreased power and 
increased type II error; future larger studies may help 
verify the findings of this study. Other limitations include 
the presence of only one subject that was IFN-gamma 
positive. This is a preliminary pilot study; future studies 
will include more subjects with positive IFN-gamma 
responses to reach proper conclusions.

In this preliminary study, C. pneumoniae-induced 
PBMC increased CD4+ but not CD8+ TEM responses in 
asymptomatic subjects characterized by production of high 
levels of IFN-gamma. These results have important clin
ical implications for use of this IFN-gamma assay as 
a potential biomarker of persistent infection in humans.

Abbreviations
C. pneumoniae,Chlamydia pneumoniae; PBMC, peripheral 
blood mononuclear cells; TEM, T effector memory cell.
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