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An Fternal Microbe: Brucella DNA Load Persists
for Years after Clinical Cure |

Georgia Vrioni," Georgios Pappas,® Efthalia Priavali, Constantina Gartzonika, and Stamatina Levidiotou
Department of Microbiology, Medical Schoal, University of loannina, loannina, Greece

Background. Despite the continuing high incidence of brucellosis, vague aspects of pathophysiology, diagnosis,

and treatment continue to exist, pamcularly with regard to the ability of Brucella specres to survive inside the
host.
" Methods. A quantitative real-time polymerase chain reaction assay was used for momtormg bacterial DNA
load in brucellosis-affected patierits throughout different disease stages. Three or more specimens per patient were
obtained (1 at diagnosis,. 1 at the end of treatment, and at least 1-during the follow-up penod) from 39 patients
with: acute brucellosis.

Results.” - The majority of patlents (87% at the end of treatment, 77% at 6 months after treatment completlon,
and 70% at >2 years after treatment) exhibited persistent detectable microbiological load despite being asymp-
tomatic. The 3 patients who experienced ‘relapse did not exhibit any statistically significant dlfference in thelr
bacterial load at any stage of disease or.during follow-up.

Conclusion. . Brucella melitensis DNA persists despite appropriate treatment and apparent recovery. Thrs ﬁndmg ‘

offers a new insight into the pathophysiology of the disease: B. melitensis is a noneradicable, persisting pathogen.

Brucellosis is a zoonosis that is prevalent worldwide
[1]. Brucella species have recently garnered renewed
attention because of their potential for use in biowarfare
[2] and their reemergence as a significant  cause of
travel-related infection [3]. The complex pathophysi-
ology of Brucella species {4} is domiriated by their abil-
ity to manipulate immune resporise; targeting profes-
sional and nonprofessional phagocytes. Therein, Bru-
cella species replicate without affecting cellular viability;
. in fact, the pathogen, By switching off cellular ‘apoptosis,
practically renders the cell immortal, thus allowing for
its own further survival [5]. This intracellular locali-
zation of Brucella species in specialized compartments
affects both the natural history and the diagnostic and
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therapeutic principles of brucellosis. The natural hisfdry
of brucellosis is characterized by a frequently silent,
protracted disease evolution. Therapeutically, the dis-
ease evolution imposes the need for a prolonged com-

‘bined treatment that, even when adrninisteredvin ac-
cordance with optimal recommendations, may lead to.

relapses. Diagnostically, the disease evolutiort hé.rnpers
the usefulness of blood cultures and the use of micro-
biological eradication indexes [6]. =
Quantiﬁcation of the microbiological burden may
theoretically offer insight into the actual natural history
of the disease, and it may allow for the evaluation of

when and how the pathogen is eradicated from the
" human body (the term “microbiological éradication™

being questionable for such a disease) [6]. Serological
tests are useful for diagndsis {7], but the time required
for ‘results after treatment is disappointingly long. In
addition, serological test results are usually inadequate.

in predicting the outcome. The latter may also apply

to newer, sophisticated techniques such as ELISA [8].

The development of such novel molecular diagnostic -
techniques as PCR offered promise—technology pre- -
ceded dlinical application in the context of brucellosis, -

and even before traditional PCR assays were adequately
evaluated chmcally [9], novel assays.emerged.

.- Long-Term Brucella Spedes_.‘ Surviyal * CID 2008:46 (15 Iun_e)-i- el3l

220




Here, we present the results of the application of a real-time
PCR assay for the diagnosis and follow~up of brucellosis in a
large number of patients, and we discuss the potential path-
ophysiological significance of the findings.

MATERIALS AND METHODS

Patients. Peripheral blood specimens (both whole blood and
serum) were collected from 39 patients who had received a di-
agnosis of acute brucellosis and from 50 healthy blood donors
(control group). A minimum of 3 samples per patient were ob-
tained (1 at diagnosis, 1 at the end of treatment, and at least 1
during the follow-up period). The control group, matched for
age and sex, had no antibodies to Brucella species. All patients
received a diagnosis of acute brucellosis during the period 2001—
2004 in the University Hospital of Ioannina, reference center for
the district of Epirus in northwestern Greece, where (like in
nearby Greek and foreign regions) brucellosis is endemic [1, 10].
Epidemiological, clinical, and microbiological i:ha‘ratteristi,cs of
the patient population are presented in table 1.

The diagnosis of acute brucellosis was established according
to 1 of the following criteria: (1) isolation of Brucella species
in blood -culture or other clinical samples or (2) the presence
of suggestive clinical characteristics together with the demon-
stration ‘of specific-antibodies at high titers, seroconversion, or
an increase in’ antibodies in a serum sample obtained 15-20
days after the first sample was obtained.

The posttreatment phase varied from 2 to 36 months, ac-
cording to the continuity of patient visits. Three patients ex-

Table 1.
ings for patients with brucellosis.

perienced relapse during the follow-up period. Of the 39 study
patients, 30 were treated with the standard regimen of doxy-
cycline plus rifampin, 7 were treated with doxycycline plus
ciprofloxacin, 1 was treated with moxalactamm, and 1 was -
treated with doxycycline plus streptomycin (the latter for 2
weeks). The duration of treatment was 6 weeks for all but 4
patients. Two patients were treated for 12 weeks (1 with doxy-
cycline plus rifampin and 1 with doxycycline plus ciprofloxa-
cin), and 2 patients were treated for 6 months (1 with doxy-
cycline plus ciprofloxacin and 1 with doxycycline plus
rifampin). Analysis of the evolution of the bacterial DNA load
was performed at the time of initial diagnosis, at the end of
treatment, and during the follow-up period (2, 6, 12-24, and
24-36 months after the end of treatment). The study underwent
ethics review and approval.

Bacteriological and serological techniques. Serological
tests—including rose Bengal plate (RBP) agglutination, Wright
seroagglutination, and ELISA (Serion ELISA Classic Brucella
IgG/IgM/IgA; Institut Virion\Serion; detecting IgM, IgG, and
IgA antibodies)—were performed on all patient and control
specimens; blood cultures were performed for 24 of the initial
39 patients.

The RBP agglutination and the Wright serbagglutination tests
were performed in accordance with techniques described else-
where [11]. The ELISA was performed in accordance with the
manufacturer’s instructions. Blood cultures were processed
with BacT/Alert (bioMérieux) in accordance with standard
techniques [12, 13] and were monitored for 10 consecutive

Demographic characteristics and clinical and mlcroblologlcal ﬁnd-

Variable

Patients

Demographic characteristic
ale -

Fever

Diagnostic test result
_ Titer =1:160, by Wright test

ELISA test

30 (77)

41 (16-78)

36 (92)

39 (100)

NOTE. Data are no. (%) of patients, unless otherwise indicated. RBP rose Bengal plate.
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days. If the system failed to detect any growth, the vials were .

transferred to a conventional incubator for 10 additional days.
Blind subcultures were performed on days 10 and 20 on Bru-
cella agar (BBL; Becton Dickinson) and were incubated at 37°C
in a 5%~10% carbon dioxide atmosphere for 3 days [12, 13].
If growth appeared, the suspected colonies were identified by
colonial morphology; Gram staining; oxidase, catalase, and ure-
ase tests; and positive égglutination with specific antiserum.
Identification and biotyping of Brucella species were performed
in accordance with standard microbiological procedures {14].

“Isolation of DNA from clinical blood specimens and bac-
teria strains. Peripheral blqdd samples were collected in
EDTA tubes; DNA was extracted from whole blood (200 pL)
with the QIAamp DNA Blon Mini Kit (Qiagen) in accordance
with the manufacturer’s instructions. The kit couples the se-
lective binding properties of silica gels with a microcentrifu-
gation step. The specimens wére first lysed. withvprotease ina
buffer chosen to optimize- the DNA-binding capacities on the
QIAamp membrane. The use of the silica column allowed, after

DNA coating, eﬁicnent washmg of the samples to eliminate ‘

contaminants. After elutlon, DNA was stored at —80°C until
PCR amphﬁcatxon analysis.

Hybndazatwn probe—based .quantitative real-time PCR
assay. . The real-tune PCR. assay was based on direct ampli-

- fication of a 207—base palr DNA sequence of a gene that codes

for the synthesxs of an unmunogenetlc 31-kilodalton protein

specific for the Brucella genus (BCSP31). The primer pair used

was t}gat pu_bl;shed by Baily et al. [15]. The amplification prod- v

uct was detected by using fluorescence technique hybridization
probes labeled with LightCycler Red 640 (detected in channel
F2). A control amplification reaction in the third channel (F3)
acted as an internal run control. A single-tube duplex
LightCycler-PCR (LC-PCR) was performed using the FastStart
DNA Hybridization Probes kit (Roche Diagnostics). To each

LightCycler glass capillary, we added 20 uL reaction mixture -

“containing 6.6 uL. PCR-grade water, 2.5 mmol of magnesium
chloride, 4.0 puL reagent mix (containing primers and probes),
2.0 pL FastStart mix, and 5.0 uL template (sample or standard).
Primers and probes were designed and provided by TIB MOL-
BIOL. To detect any ampicon contamination or amplification
failure, negative controls that contained 5 uL of PCR water

_instead of DNA and positive controls that contained DNA of -

Brucella melitensis biovar 1 were included in each real-time PCR
run. Cycling conditions consisted of initial denaturation at 95°C
for 10 min, followed by 55 cycles at 95°C for 10 s, at 55°C for.
8 5, and at 72°C for 15 s in a LightCycler instrument (Roche
Diagnbstics). Fluorescence curves were analyzed with Light-
Cycler software, version 3.5. After amplification, melting-curve
analysis was performéd to verify the specificity of PCR products

(1 cycle consisted of 95°C for 20 s, -40°C for:20 s, and 85°C -
for 0 s). The BCSP31-derived product was identified by running

the melting curve with a specific melting point of 67.5°C (con-
centration dependent). A standard curve, comprising 10-fold

" dilutions of Brucella BCSP31 DNA of 10'-10 target equivalents,

allowed quantification of unknown samples. In the provided
standard row (TIB MOLBIOL), the lowest concentration (10
copies) was amplified in 35-36 .cycles; 100, 10,000, and
1,000,000 copies were amplified after 32--33, 25-26, and 17—
18 cycles, respectively (with the crossing point calculated by
the “second derivative maximum”). With the method “fit
points,” the crossing point values were 32~33, 28-29, 22-23,
and 15-16 cycles, respectively. The detection limit of the
method spiked with serial dilution of B. melitensis DNA was
10 copxes/S p#L DNA extract.

RESULTS

Brucella species was initially isolated in blood cultures from 13

(54%) of the 24 patients with available blood specimens. All.. =~
strains isolated were identified as B. melitensis biotype 2. Of .. . -
the 13 patients who had positive blood culture results, 12-also . |

had positive results for all 3 serological- tests used, whereas 1
had positive results only for 2 serological tests (RBP aggluﬁ- :
nation and ELISA). The remaining 26 (67%) of the 39 patients . -
with acute brucellosis received their diagnoses on the basis of

- clinical and serological criteria. The RBP agglutination test re-. .

sult was positive for 37 patients (95%). The Wright seroagglu-.
tination test titers were within the diagnostic range (titers, >1:

-.160) in 36 patients (92%). For the assessment.of the ELISA -

results, samples with an optical density of 10% greater than
the cutoff optical density were considered to be positive; sam-
ples from all 39 patients (100%) were positive. The types of

" antibodies detected” by the ELISA were as follows for the 39

ELISA—posmve samples 1gG, 27 (69%), IgA, 34 (87%); and
IgM, 31 (80%).

All specimens obtained from 39 patients at initial diagnosis
had positive real-'ﬁme PCR assay results, conferring a sensitivity
of 100%. All specimens obtained from the control group were
negative for ‘B. melitensis, conferring a specificity of 100%.

‘The evolution of the bacterial DNA load is shown in figure

“1. The mean B. melitensis DNA load ( % SD) for the 39 patients
-at the time of diagnosis was 803 =t 1236 copies/5 pL DNA

extract (range, 264570 copies/5 uL. DNA extract). At the end
of treatment, samples from 34 patients (87%) remained positive
for B. melitensis, with a mean bacterial DNA load (+SD) of

1240 + 314 copies/5 uL DNA extract (range, 0-1230 copies/5.

pL DNA extract). Two months after the end of treatment, sam-

" ples were collected from 34 patients, and the mean bacterial
" DNA load (+SD) was 192 % 236 copies/5 uL. DNA extract

(range, 0-875 copies/5 pL DNA extract; results for 27 patients
remained positive). Six months after the end of treatment, sam-

“ples were collected from 26 patients, and the mean bacterial

DNA load (£SD) was 96 * 135 copies/5 uL DNA extract
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Figure 1. Evolution of Brucella melitensis DNA load at initial diagnosis

and during the follow-up period. m, Months.

(range, 0-432 copies/5 uL. DNA extract; results for 20 patients
remained positive). Twelve to 24 months after the end of treat-
ment, samples were collected from 16 patients, and the mean
bacterial DNA load (£SD) was 80 * 126 copies/5 puL- DNA
extract (range, 0-420 copies/5 uL. DNA extract; results for 10
patients remained positive, and 1 patient had negative results
for 2 consecutive specimens and then had a positive result but

did not experience relapse). Twenty-four to 36. months after

the end of treatment, samples were collected from 10 patients,
and the mean bacterial DNA load (% SD) was 56 + 74 'copies/
5 pL DNA: extract (range, 0-220 copies/5 uL. DNA extract; 7
patients continued to have positive results). Of 21 patients who
were monitored for >1 year after therapy, 13 continued to have
positive real-time PCR results but were 53ymptomatic. One
patient had positive real-time PCR results 2 years after infec-
tion, although the patient had had negative real-time PCR re-
sults at the 1-year follow-up. Serological test results for these
patients did not differ significantly between individuals with
detectable and undetectable bacterial loads, with a mean Wright
agglutination titer of 1:40, the presence of IgG antibodies de-
termined by ELISA in all patients, and the presence of IgA
antibodies in a minority of patients. During the follow-up phase
of the study, only 3 patients experienced relapse. On relapse,
1 patient had positive blood culture results, whereas the other
2 relapses were diagnosed on the basis of clinical findings. In
the 3 patients who experienced relapse, there was no increaée_
in bacterial load during syinptom reappearance, compared with
their previous follow-up bacterial load measurement, although
their titers did not decrease either. There were no statistically
significant differences with regard to initial or posttreatment
microbiological load between those who did and did not ex-
perience relapse. Results of blood cultures, when samples were
obtained after treatment completion, were negative for all pa-
tients who did not experience relapse.

DISCUSSION

An emerging method for the detection and identification of a
variety of infectious agents in the clinical laboratory is real-
time PCR [16]. Real-time PCR was developed to improve the
sensitivity, specificity, and speed of detecting PCR amplification
products [17]. It does not require postamplification handling
of PCR products, thereby reducing the risk of laboratory con-
tamination and false-positive results. Moreover, real-time PCR
has emerged as a powerful tool for quantification of the mi-
crobiological load; this is a concept that is valuable for nu-
merous infectious disorders (e.g., hepatitis and HIV mfecnon),
real-time PCR has also blurred the traditional definitions of
“eradication.” Microbiological eradication (i.¢., achievement of
negative culture results) has long been used as an end point in
clinical trials for several infections. However, these principles
do not apply to a potentially chronic intracellular infection such
as brucellosis. Therefore, microbiological load could serve as
an indirect index of pathogen presence. One has to take into
account, however, all of the potential problems of such an
application; for example, isolation of DNA particles cannot
discriminate between living and “eradicated” microorganisms.
Furthermore, microbiological load could theoretically serve as
an index of disease burden and thus allow for patient strati-
fication by disease severity, relapse potentlal and therapeutic
regimens needed.

Our study revealed startling results. A significant number of
patients continued to exhibit microbiological load even years
after clinical cure and in the absence of any symptom indicative
of disease persistence or relapse. We consider our results to be
indicative of the long-term presence of viable bacteria in the
human body in a cellular reservoir that needs further clarifi-
cation. Could the results be explained as the outcome of particle
shedding by dead bacteria? These dead bacteria could not be
the result of antibiotic treatment administered <1 year earlier.
Thus, in this case, bacteria indeed pefsisted for a long period -
after infection and clinical cure; these bacteria failed to elicit
clinical manifestations, possibly because of a robust sustained
immune response that eventually eliminates them by switching
on the initially cancelled cellular apoptosis [18].

Even if we accept this alternative explanation, the only viable
pathophysiological scenario is that, at least in the majority of
patients, Brucella species persist inside the human body despite
apparent clinical cure. The pathogen may replicate at low fre-
quency. It may even cause transient, low-level bacteremia in a
manner that can be handled by the body’s immune system in
such a way as to avoid the evolution of clinical disease. In that
case, brucellosis should be considered to be only a chronic
infection (much like tuberculosis), the clinical presentation of
which depends on the equilibrium between the immune system
and the microbial pathogenicity. Certain studies of patients with
chronic brucellosis have indeed focused on such a dysregulation
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[19]. The level at which this interaction occurs is vague; low-
level bacteremia may not be detected easily, and follow-up
through cultures of bone marrow specimens, theoretically
sound and suggested to be diagnostically superior {20}, is not
convenient. Moreover, one could hypothesize that, with use of
more-sensitive diagnostic techniques, it could be determined
that patients with undetectable mrcroblologrcal loads mlght ac-
tually have microbiological loads.

Contradictory results have emerged from the few relevant
studies, with smaller sample numbers, that have recently been
reported. Similar findings were elicited in a Spanish study [21]
that showed that 4 of 7 individuals who experienced relapse
and 3 of 11 who did not experience relapse also exhibited
detectable bacterial loads after long-term follow-up. A similar
result was also reported from a study in Peru [22] that used
plain PCR for follow-up; the majority of the patients had PCR-
positive samples even months after treatment completion.
These results, however, were not reproduced in another Spanish

study [23] that used a slightly different methodology. Two other

real-time PCR studies did not evaluate evolution of the mi-
crobiological load during disease stages [24, 25].

One could support the hypothesis that patients with de-

- tectable microbiological loads were simply inadequately treated

and were therefore candidates for relapse. However, the few ..~
who experienced relapse did not preferentially belong, to the -
-subgroup of patients with continually detected bacterial load.
In addition, these patients did not exhibit higher loads or any -
statistically significant difference than did those of the group -
that did not experience relapse. Furthermore, relapses usually

occur during the first few months after the end of treatment,
and 90% of them usually occur during the first follow-up year,
a cutoff point surpassed by our patients. No data can be ex-
tracted about whether a specific therapeutic regimen was related
to long-term detectable microbiological loads because the ma-

jority 'of the patients were treated with the same regimen. In
the Spanish study [21], numerous regimens were used, and the -
small statistical sample did not allow for any conclusions to be

drawn.

One might argue that the significance of the study is marred -

by the fact that all patients with detectable DNA load during

the follow-up period had negative results of blood cultures;
thus, the PCR results may be considered to be dubious. Yet

‘this fact (1e negatlve blood culture results) underlines the

importance of our findings. If these patients had positive results
of blood cultures, they would be considered de facto to havev_ y
experienced relapse (reappearance of posrtlve blood culture re- ‘

sults is consrdered to indicate a relapse even m the absence of
symptoms). These patients, however; met absolutely no criteria
for relapse or disease in general, despite having detectable DNA

load for Bryeella species. Cases of reappearance of Brucella

infection years after the initial course of symptoms are not rare,
especially in the context of foreign body infection [26].

One might argue that there is selection bias in our results,
because bacterial load was evaluated in only 10 patients in the
24-36-month period. However, the other study patients did not
experience relapse, as assessed by telephone interview performed
by 1 of the authors during this period; thus, the 10 patients for
whom bacterial load data were available could be considered to

" be representative of the entire sample. Furthermore, a similar

trend was observed among larger subsets of patients in the various
follow-up time frames depicted in figure 1.

Recognizing that brucellosis is a chronic infection means that
our understanding of the pathophysiology, diagnosis, and treat-
ment of the disease may be drastically altered. First, one has
to understand what suppresses Brucella species pathogenicity

during the protracted posttreatment period when bacterial load
is detectable. Moreover, one has to elucidate which are. the

critical components of this suppression and whether patients
with chronic brucellosis exhibit a defect in these components..

- Second, one has to define whether the initial- bacterial load:is:
related to disease severity, tendency to relapse, or .need for:
-enhanced antibiotic treatment.. Third, one has to seek’ other -
predictors of relapse, because real-time PCR did not exhibit -
-any correlation in the present .study. Finally, with regard to
therapy, one has to redefine treatment goals. Eradication-;wa‘s .

never set as an issue in brucellosis, and the “acceptable” per-
centage of relapses was arbitrary [27]. The future question,

however; will be whether to treat aggressively, with menitoring -

of the bacterial load, or to simply ignore the results and allow
the pathogen to parasitize inside the human body. - .
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