Review paper 761

Variable association between Chlamydophila psittaci
infection and ocular adnexal lymphomas: methodological
biases or true geographical variations?

Didier Decaudin?, Riccardo Dolcetti®, Patricia de Cremoux®,

Maurilio Ponzoni"®, Anne Vincent-Salomon®, Claudio Doglioni"®,

Rémi Dendale®, Marie-Christine Escande®, Livia Lumbroso-Le Rouic®

and Andrés J.M. Ferreri®"

Since the first publication in 2004, a large number of
reports have raised the question of an association between
ocular adnexal lymphoma and Chlamydia psittaci. The
results of this scientific debate, however, remain
controversial. The primary objective of this paper was
therefore to raise important questions concerning the
interpretation of the different and heterogeneous data on
the association between Chlamydophila psittaci and ocular
adnexal lymphoma, namely the impact of the methodology
used and the epidemiological variability of seroprevalence
of C. psittaci antibodies. This paper also provides some
methodological suggestions for future studies in the field
of chlamydia-lymphoma associations. Anti-Cancer Drugs
19:761-765 © 2008 Wolters Kluwer Health | Lippincott
Williams & Wilkins.

Introduction

Evidence of an association between Chlamydophila psitrace
infection and ocular adnexal MALT (mucosa-associated
lymphoid tissue)-type lymphoma (OAML) has been
reported [1]. As suggested for other infection-related
lymphomas, a sustained stimulation of the immune
system probably constitutes the first necessary step
toward transformation in OAML as well. A large number
of these patients show an earlier history of chronic
conjunctivitis, and some patients with a history of
C. psittaci infection, follicular conjunctivitis and conjunc-
tival MALT lymphoma have been reported [2]. Moreover,
the role of this microorganism is suggested by lymphoma
remissions observed after antibiotic therapy with doxy-
cycline [3]. Molecular progression from C. psittaci-associated
chronic infection to OAML, however, remains to be
demonstrated.

Over recent months, several groups from different
countries have investigated the prevalence of C. psittaci
infection in their own series of ocular adnexal lymphomas.
Reported studies displayed prevalence rates between 0
and 80%, with wide variability among countries and
among different regions within the same country [3-16].
These discrepancies could reflect genuine epidemio-
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logical variations or biases related to other intervening
factors, including the sensitivity and specificity of
detection methods, the common use of wide-spectrum
antibiotics before biopsy and the involvement of other
doxycycline-responsive infectious agents [17]. Under-
standing the reasons underlying these discrepancies is of
paramount importance in the light of the therapeutic
advantages offered by the introduction of doxycycline in
the management of OAML patients [3].

Regardless of the intriguing debate on the potential role
of C. psittaci in lymphomagenesis, this paper critically
analyzes methodological differences among published
studies and potential interpretation biases that may have
affected reported results, and provides some methodo-
logical suggestions for future studies in the field of
chlamydia-lymphoma associations.

Prevalence of C. psittaci infection in ocular
adnexal MALT-type lymphoma

The overall prevalence of C. psittaci infection in 423 cases
of OAML reported in 14 papers is 19%, with a range from
0 to 87% (Table 1). This infection has been detected in
14% (range: 0-69%) of 125 cases of ocular adnexal
lymphomas of other histotype and in 8% (range: 0-11%)
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Table 1 Association between Chlamydiphila psittaci and ocular adnexal lymphoma (OAL)
OAL of
OAL of non-MALT-type Non-NHL Specimen
Reference Countries MALT-type (%) (%) orbital samples supports Technical supports Notes
[1] Italy 21/24 (87) 11/16 (69) 0/20 (0) PEFT TETR-PCR? /
[4] UK 4/33 (12) 1/7 (14) 4/40 (10) PEFT Single TETR-PCR® + direct /
sequencing
Germany 9/19 (47) 0/9 (0) 1/9 (11)
Netherlands 6/21 (33) 2/3 (66) -
ltaly 2/15 (13) 0/6 (0) -
China 4/37 (11) 2/20 (10) 0/2 (0)
East USA 6/17 (35) 0/8 (0) -
[5] Japan 0/18 (0) 0/3 (0) 0/3 (0) Frozen and  TETR-PCR®+ nested PCR /
PEFT
[6] France 0/8 (0) 1/8 (13) - PEFT TETR-PCR? /
[7] Japan 0/12 (0) 0/5 (0) 0/4 (0) PEFT TETR-PCR + Southern Sensitivity data were not given
hybridization
[8] Netherlands 0/19 (0) - - PEFT TETR-PCR? + sequencing; One additional case with
omp-A RT-PCR unsuitable DNA
[9] South USA 0/49 (0) - 0/2 (0) Fresh and  TETR-PCR?® /
PEFT
[10] USA 0/7 (0) 0/4 (0) 0/6 (0) PEFT Single TETR-PCRP + 23S Sensitivity data were not given;
specific PCR only 50-200 ng of DNA was
analyzed
[12] Cuba 2/19 (11) 0/7 (0) 0/20 (0) PEFT TETR-PCR?® + direct /
sequencing
[11] Germany 0/22 (0) 0/18 (0) - PEFT Single TETR-PCR® Only 23 (48%) with amplifiable
B-globin; sensitivity: 20 copies
of a C. psittaci plasmid
[13] USA 0/30 (0) - - Frozen and  Omp-1 and omp-2 RT-PCR
PEFT
[14] Japan 0/23 (0) - - PEFT 16S and 16S-23S spacer /
PCR protocols
[15] Korea 26/33 (78) - 5/21 (23) PEFT TETR-PCR? + direct /
sequencing
[16] USA 0/17 (0) 0/11 (0) 0/5 (0) PEFT 16S PCR/gel based Sensitivity data were not given
assay + 16S RT-PCR
Total 80/423 (19) 17/125 (14) 10/132 (8) / / /

LH, lymphoid hyperplasia; MALT, mucosa-associated lymphoid tissue; PEFT, paraffin-embedded fixed tissue.

2Madico et al. [18].

PMonoplex TETR PCR for C. psittaci using primers published by Madico et al. [18].

of 132 cases of orbit biopsies for non-neoplastic disorders.
If only OAML cases are considered, the reported series
can be divided into three groups: two series from Italy
and Korea reporting a prevalence of C. psittaci infection of
greater than 75% (median: 83%) [1,15], seven series from
Germany, eastern USA, The Netherlands, Italy, UK,
China, and Cuba with a prevalence ranging between 10
and 50% (median: 23%) [4,12], and a group of 10 series
from Japan, France, The Netherlands, USA, and Germany
with a prevalence of 0% [5-11,13,14,16]. Results were
homogeneous in the Japanese series [5,7,14] and variable
in the series from USA [4,9,13,16], Germany [4,11], Italy
[1,4], and The Netherlands [4,8].

Detection methods

Convincing evidence has been provided that C. psittaci
DNA is present in a limited number of cases or virtually
absent in some OAML series; for example, in the French
series, where PCR analyses have been performed in
duplicate in an independent setting at the Institut Curie
and the National Cancer Institute, Aviano [6]. In
contrast, it cannot be ruled out that variability in
sensitivity and specificity of detection methods could

have affected, at least partially, the results obtained so far
in the various series analyzed. Most studies used the
same multiplex touchdown enzyme time-release PCR
described by Madico e @/. [18] and first applied to ocular
adnexal lymphomas by Ferreri ez /. [1], using CPS 100
and CPS 101 primers for C. psittaci. In three studies
[4,10,11], these primers were used in ‘monoplex’ PCR in
the same touchdown cycling conditions. Direct sequen-
cing was performed only in four studies to confirm the
specificity of the amplified DNA [4,8,12,15], which is a
relevant issue considering that the taxonomic classifica-
tion of chlamydaceae is evolving and that the target
fragment amplified by PCR may contain sequences
largely overlapping, although belonging to unrelated
clamydiaceae. In one study [7], Southern hybridization
was performed with specific probes to increase the
sensitivity and confirm the specificity of the analysis;
however, the probes used were commercially available to
be used on fresh samples, whereas tissue samples for
analysis were formalin-fixed paraffin-embedded speci-
mens. More recently, real-time PCR specific for ompl,
omp2, or 16S were used as a single approach or in
combination with other protocols [10,13,14,16]. Although
in most of the studies formalin-fixed paraffin-embedded
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tissue specimens were used, in some instances fresh [9]
or frozen [5,13] material was also used. Nevertheless, the
number of samples treated under these various conditions
is not always mentioned. In most fixed samples, DNA was
extracted by commercial silica gel columns, whereas DNA
from frozen samples was purified using a classical phenol-
chloroform procedure. Notably, the amount of template
DNA investigated in the different studies was variably
reported; data on the sensitivity of the protocol used were
not always given and the quality of the DNA analyzed was
not always checked. In the study by Goebel e o/ [11],
in particular, B-globin was amplifiable in only 23 of the
48 samples analyzed, raising some concern about the
conclusions drawn in this study. Considering that only
scattered cells carry C. psittaci infection in OAML samples
[1], the load of target DNA is probably very low. On these
grounds, the quality and the amount of template DNA
investigated, as well as the sensitivity of the PCR
protocols used, are crucial for the reliable assessment of
the prevalence of this microorganism in OAML biopsies.
These issues should be carefully taken into account to
obtain reliable prevalence data that may be of value
for having a clear picture of the geographical distribution
of the association between chlamydial infection and
lymphomas.

Interpretation biases

Other than the above-mentioned methodological pitfalls,
it is important to underline the role of the use of wide-
spectrum antibiotics before biopsy, which is a common
practice in OAML patients [17]. In fact, most patients
with conjunctival or orbital lesions are first considered as
affected by inflammatory or infectious processes instead
of lymphomas. This is due to the fact that clinical
features at presentation are variable and not pathogno-
monic for OAML. Thus, these patients usually are
treated with more lines of topic or systemic wide-
spectrum antibiotics, associated or not with steroids,
which could further reduce the local bacterial population
resulting in the presence of chlamydial DNA loads below
the threshold of PCR detection. Another interfering
aspect is related to the potential involvement of other
microbial agents in the development and maintenance of
OAML. Available evidence seems to rule out the possible
involvement of other infectious agents commonly asso-
ciated with chronic eye diseases, such as C. trachomatis,
herpes simplex virus 1 and 2 and adenovirus 8 and 19
[1,4], whereas C. pneumoniae DNA was detected in a few
cases of OAML ([4,19] and Dolcetti, unpublished
results). As for other B-cell lymphomas, controversial
data on the association between hepatitis C virus infec-
tion and OAML exist [20-22]. Intriguingly, lymphoma
remission observed in 38% of patients with C. psittaci-
negative OAML, that is, cases where C. psirtaci infection
was not demonstrated by touchdown enzyme time-
release-PCR [3], seems to suggest the involvement of

other doxycycline-sensitive agents, perhaps chlamydia
strains undetectable with current diagnostic methods.
This hypothesis remains a matter of investigation, but it
is interesting to think that C. psittaci could be replaced
by other chlamydiae in series from certain geographical
regions. Importantly, regardless of the infectious agents
found in lymphoma samples, host immune factors could
have a preponderant role in maintaining chronic immune
system stimulation, as demonstrated for T-cell regulatory
CTLA4 gene polymorphisms and Helicobacter pylori infec-
tion [23], leading to a nonepidemiological modulation of
the real impact of microbial agents in lymphomagenesis.

Epidemiological aspects

If the above-discussed prevalence discrepancies could not
be ascribed to methodological caveats or interpretation
biases, it can be assumed that a true epidemiological
variability of chlamydial infection in lymphoma patients
exists. Unfortunately, no suitable epidemiological data on
the actual distribution of this infection in the general
population exist. C. psittaci infections, usually named
‘chlamydiosis’, are zoonoses. Chlamydial diffusion in the
general population is related to the prevalence of
C. psittaci infection in wild animals. Prevalence among
wild animals in a certain geographic area is difficult to
investigate and it is further affected by the transport of
this microorganism in migrant birds. Strains of C. psittaci
have been detected worldwide in more than 460 bird
species, mostly in clinically unapparent, latent forms
[24]. Although C. psittaci strains from birds show some
differences in virulence, all should be considered as
potentially transmissible to humans. C. psittaci infection is
commonly asymptomatic both in birds and humans and
prolonged contact with an apparently healthy household
animals shedding infectious chlamydia can result in
repeated infection cycles in humans [25]. On these
grounds, it is not surprising that this particular epide-
miological issue must be better studied and that the
prevalence of (. psittaci infection in wild and household
animals, in the general population, and in selected risk
groups is far from being well known.

Seroprevalence is often used to recognize endemic areas
for a certain microorganism potentially associated with
cancer. The most extensively studied example is hepatitis
C virus seroprevalence and its association with different
lymphoma entities [26,27]. The seroprevalence of anti-
C. psittaci antibodies, determined by various methodolo-
gies, varies between 0 and 49% (median: 5-10%) in
selected groups [28-38]; this prevalence increases to 49%
in individuals professionally exposed to chlamydial
infections or to cohabitation with infected animals
[28,30,34]. Although seroprevalence has been investi-
gated in these highly selected individuals, large screening
studies on the general population are rare. Moreover, the
sensitivity and specificity of serologic tests are extremely
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heterogeneous with high cross-reactivity for other chla-
mydial species such as C. pneumoniae. As a consequence,
serologic tests are unreliable methods to predict an
association with C. psittaci in lymphoma patients, and the
comparison of seroprevalence of C. psittaci antibodies
between the general population and OAML patients
would exhibit another relevant limitation related to the
difficulties to test, in the same period, subgroups of
individuals matched for age, sex, and epidemiological
characteristics.

Conclusion and suggestions

In conclusion, available literature is not focused on the
potential role for C. psittaci infection in lymphomagenesis.
Reported studies only consider a bacteria~lymphoma
association, which exhibits an apparent prevalence
variability among different geographical regions. In this
respect, the possible role of methodological pitfalls and
other above-mentioned confounding factors should, how-
ever, be carefully considered. Investigators analyzing the
prevalence of chlamydial infections in their own series
should take into account some simple suggestions such as
(1) performing direct sequencing to confirm the amplicon
specificity, which should be parallel to the continuous
update of molecular taxonomic classification of chlamy-
daceae; (ii) using more primers to exclude overlapping
with unrelated clamydiaceae; (iii) specifying in reports
most details on experimental conditions, such as number
of investigated samples, specimens characteristics, DNA
extraction procedures, amount of DNA template, sensi-
tivity data of the protocol used, and quality of the DNA
analyzed. Any potential interfering factor, as well as
geographical area and years of diagnosis of the studied
series, should be considered and reported. This strategy
should be applied, especially to international prospective
trials with clinical, biological, and translational elements,
which should receive higher priority to improve our
knowledge on the fascinating topic of chlamydia-related
lymphomagenesis.
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