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The GeneXpert CT/NG assay (GeneXpert) and the Abbott m2000 RealTime CT (m2000) assay were compared to Amplicor for
detecting ocular Chlamydia trachomatis. Discordant specimens were tested by the Aptima CT assay. The m2000 assay sensitivity
was 100% (95% confidence interval [CI], 90% to 100%), and specificity was 98.46% (95% CI, 95.2% to 99.2%); GeneXpert sensi-
tivity was 100% (95% CI, 90% to 100%), and specificity was 100% (95% CI, 98.1% to 100%). The m2000 and GeneXpert assays
appear to perform as well as the Amplicor assay.

The leading infectious cause of preventable blindness world-
wide is trachoma, which occurs in resource-limited countries,

including sub-Saharan Africa, and is caused by repetitive and un-
treated ocular Chlamydia trachomatis infections (1, 2, 3). The cur-
rent reservoir of active disease and infection is in children; in vil-
lages where such infections are hyperendemic, C. trachomatis
infections have been found in children who have been treated at
least once though mass drug administration (MDA) (1, 4). PCR is
considered to be the current gold standard test, although there is
no defined gold standard test for ocular C. trachomatis infections
(5, 6). The Roche Amplicor CT PCR assay (Roche Diagnostics,
Indianapolis, IN) has been used in major trials to monitor infec-
tion following MDA (7). Testing for C. trachomatis infection is
often difficult in regions associated with trachoma; the laboratory
infrastructure is often deficient or nonexistent, and there is often a
lack of trained personnel, equipment, funding, and cleanliness of
testing areas. The Cepheid GeneXpert CT/NG Research Use Only
(RUO) assay (GeneXpert) (Cepheid Inc., Sunnyvale, CA) is a
rapid test designed to produce results relatively quickly, with little
hands-on time required, and could be useful in areas where tra-
choma occurs. We evaluated the Abbott m2000 RealTime CT
(m2000) assay (Abbott Molecular Diagnostics, Des Plaines, IL) for
detection of C. trachomatis in ocular specimens from Tanzania as
a means to reduce turnaround time for results and increase sample
throughput. A first-generation GeneXpert CT/NG assay (Gene-
Xpert) was subsequently evaluated as a potential method for test-
ing ocular specimens in the field to expedite provision of imme-
diate treatment of C. trachomatis ocular infections, pending
demonstration of its performance in a laboratory setting.

Duplicate ocular swab specimens (n � 304) from the same eye

were collected from children in Tanzania for the detection of C.
trachomatis infection; collection was performed as previously de-
scribed (8). Samples were shipped frozen in a dry state to the Johns
Hopkins University (JHU) Research Laboratory in Baltimore,
MD, and stored at �80°C until testing. Swabs were rehydrated
with 1 ml of sterile molecular analysis-grade diethylpyrocarbonate
(DEPC) water (Quality Biological, Inc., Gaithersburg, MD). One
set of the duplicate specimens was tested by Amplicor (Roche
Diagnostics) and GeneXpert (Cepheid) and, for discordance test-
ing, by the GenProbe-Aptima CT (ACT) assay (Gen-Probe Ho-
logic, Inc., San Diego, CA) at JHU; a duplicate set was sent to
Indiana University in Indianapolis, IN, for m2000 analysis. Tar-
gets for the assays differ. For Amplicor, the target is a sequence 207
nucleotides long within the cryptic plasmid DNA of C. trachoma-
tis; m2000 targets two different regions of the cryptic plasmid,
GeneXpert targets a conserved chromosomal genomic DNA se-
quence, and ACT targets rRNA from C. trachomatis.

DNA extraction performed on the Roche MagNA Pure LC
extraction robot with 200 �l of sample resulted in 100 �l of elute
using a MagNA Pure LC DNA isolation kit I (Roche Diagnostics).
PCR was performed using 50 �l of elute with a Roche CT/NG
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TABLE 1 Comparison of two molecular NAATs to Roche Amplicor PCR for the detection of Chlamydia trachomatis in ocular swabsa

Test
No. of specimens
tested

No. of specimens with indicated result

% sensitivity (CI) % specificity (CI) % NPV % PPV Kappa (CI [%])R�/C� R�/C� R�/C� R�/C�

M2000 304 44 251 0 9 100 (90–100) 96.53 (93–98) 100 83.01 0.8898 (81.9–96)
GeneXpert 304 44 257 0 3 100 (90–100) 98.84 (96–99.7) 100 93.61 0.962 (91.2–100)
a R, reference method result; C, comparative method result; �, positive result; �, negative result; CI, 95% confidence interval for overall agreement of the reference method and the
comparative method; NPV, negative predictive value; PPV, positive predictive value.
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amplification kit, including positive and negative controls. C. tra-
chomatis detection was performed using the Amplicor CT assay
according to the manufacturer’s instructions. If equivocal results
occurred, the sample was retested in duplicate. If neither duplicate
gave a positive result, the specimen was considered negative by
Amplicor. Specimen volume was increased to 1 ml using DEPC
water after Amplicor testing. Specimens were subjected to a vortex
procedure for 30 s; 800 �l of sample was added to the GeneXpert
cartridge and tested according to the manufacturer’s instructions.
Positive specimens produced a cycle threshold (CT) value; nega-
tive specimens did not produce a CT value. For m2000 analysis,
400 �l of specimen was transferred into a dry tube, placed on the
m2000, and tested according to the package insert instructions.
Specimens with a cycle number less than or equal to the assay
cutoff were interpreted as a positive result; an absence of amplifi-
cation was interpreted as negative; samples with a cycle number
beyond the cutoff were interpreted as equivocal. Equivocal speci-
mens were retested by spiking 100 �l of sample into an Abbott
multi-Collect tube containing 1.2 ml of transport medium and
tested according to the package insert instructions. Specimens
with results that were discordant by either m2000 or GeneXpert
compared to Amplicor were tested by ACT. A 200-�l volume of
sample was placed into an Aptima unisex specimen transport
tube, inverted for 10 s, and tested by ACT according to the man-
ufacturer’s instructions.

The sensitivity of m2000 compared to PCR was 100%, the spec-
ificity was 96.53%, the negative predictive value (NPV) was 100%,
and the positive predictive value (PPV) was 83.01%. GeneXpert
demonstrated a sensitivity of 100%, a specificity of 98.84%, an
NPV of 100%, and a PPV of 93.61% (Table 1). The kappa score for
m2000 was 0.8898 (95% confidence interval [CI], 81.9% to 96%)
and for GeneXpert was 0.962 (95% CI, 91.2% to 100%) (Table 1).
Four of nine discordant m2000 specimens (m2000 positive/Am-
plicor PCR negative) tested by ACT were confirmed positive. All 3
samples positive by GeneXpert and negative by Amplicor were
ACT positive. After discordance analysis, the specificities for
m2000 and GeneXpert increased to 98.46% and 100%, respec-
tively (Table 2).

GeneXpert and m2000 were evaluated and compared to Am-
plicor PCR to determine if new assay methods could be used to
detect C. trachomatis in ocular samples. The m2000 assay was eval-
uated as a new option for detecting C. trachomatis in ocular spec-
imens to increase the throughput of samples tested while reducing
hands-on time, potentially decreasing the overall cost of evaluat-
ing these specimens. Compared to Amplicor, m2000 demon-
strated excellent sensitivity and specificity. The results for m2000
compared to Amplicor suggest the next step of a cost analysis to
determine if the use of m2000 would in fact decrease cost. Gene-
Xpert was evaluated because its simple design for specimen addi-
tion, reagent addition, and cartridge insertion into the testing
module as well as the reduced risk of cross contamination due to
the design show the possibilities of its being used as a field test. The
GeneXpert had excellent sensitivity and specificity compared to

Amplicor, with a kappa score of 0.9612, showing almost perfect
agreement. After confirmation testing by ACT of the three discor-
dant specimens, the specificity and PPV of the GeneXpert in-
creased to 100%. Discordance testing also increased the kappa
score to 1, demonstrating excellent performance of the GeneXpert
in the laboratory. Future studies are under way in the Kongwa
region of Tanzania to determine if GeneXpert performs as well
when assays are carried out under field conditions in developing
countries as it did in the laboratory setting. Limitations to this
study included the fact that the swabs that were collected and
shipped from Tanzania to the test site were not placed into man-
ufacturers’ transport media directly but were shipped in a dry
state. No manufacturer has sought FDA clearance with respect to
detecting C. trachomatis in ocular samples. However, past experi-
ence has indicated that nucleic acid amplification tests (NAATs)
perform very well when analyzing ocular samples, especially
NAATs designed to detect rRNA (9). This study demonstrated
that m2000 and GeneXpert performed with great accuracy when
detecting C. trachomatis in ocular samples, indicating that either
assay could be utilized for future trachoma studies.

ACKNOWLEDGMENTS

This work was supported in part by the Division of Intramural Research,
National Institute of Allergy and Infectious Diseases (NIAID), National
Institutes of Health (NIH), and the Bill and Melinda Gates Foundation.

Testing kits were provided for the GeneXpert assay by Cepheid. Par-
ents or guardians gave written informed consent for their children to
participate in the study.

The study protocol was approved by the IRB (NA_00018439).
B.V.D.P. has received honoraria, consulting fees, or research support

from the following sponsors: Abbott Molecular Diagnostics, BD Diagnos-
tics, Beckman Coulter, Cepheid, and Roche Molecular Diagnostics.
C.A.G. has received honoraria or research support from the following
sponsors: Abbott Molecular Diagnostics, BD Diagnostics, Gen-Probe
Hologic, Cepheid, and Roche Molecular Diagnostics.

REFERENCES
1. Cajas-Monson LC, Mkocha H, Munoz B, Quinn TC, Gaydos CA, West

SK. 2011. Risk factors for ocular infection with Chlamydia trachomatis in
children 6 months following mass treatment in Tanzania. PLoS Negl. Trop.
Dis. 5:e978. doi:10.1371/journal.pntd.0000978.

2. Centers for Disease Control and Prevention. 2012. http://www.cdc.gov
/healthywater/hygiene/disease/trachoma.html. CDC, Atlanta, GA.

3. Hu VH, Harding-Esch EM, Burton MJ, Bailey RL, Kadimpeul J, Mabey
DCW. 2010. Epidemiology and control of trachoma: systematic review.
Trop. Med. Intern. Health 15:673– 691.

4. Solomon AW, Holland MJ, Burton MJ, West SK, Alexander NDE,
Aguirre A, Massae PA, Mkocha H, Munoz B, Johnson GJ, Peeling RW,
Bailey RL, Foster A, Mabey DCW. 2003. Strategies for control of tra-
choma: observational study with quantitative PCR. Lancet 362:198 –204.

5. Chidambaram JD, Alemayehu W, Malese M, Lakew T, Yi E, House J,
Cevallos V, Zhou Z, Maxey K, Lee DC, Shapiro BL, Srinivasan M, Porco
T, Whitcher JP, Gaynor BD, Lietman TM. 2006. Effect of a single mass
antibiotic distribution on the prevalence of infectious trachoma. JAMA
295:1142–1146.

6. See CW, Alemayebu W, Melese M, Zhou Z, Porco TC, Shiboski S,
Gaynor BD, Eng J, Keenan JD, Lietman TM. 2011. How reliable are tests

TABLE 2 Sensitivity and specificity of M2000 and GeneXpert for ocular swabs after resolution testing of discordant specimens by GenProbe ACT
assaya

Test % sensitivity (CI) % specificity (CI) % NPV (CI) % PPV (CI) Kappa

M2000 100 (90–100) 98.46 (95.2–99.2) 100 (98.1–100) 90.56 (78.5–96.5) 0.9529
GeneXpert 100 (90–100) 100 (98.1–100) 100 (98.1–100) 100 (90.5–100) 1
a CI, 95% confidence interval.

Dize et al.

1612 jcm.asm.org Journal of Clinical Microbiology

http://dx.doi.org/10.1371/journal.pntd.0000978
http://www.cdc.gov/healthywater/hygiene/disease/trachoma.html
http://www.cdc.gov/healthywater/hygiene/disease/trachoma.html
http://jcm.asm.org


for trachoma?—a latent class approach. Invest. Ophthalmol. Vis. Sci. 52:
6133– 6137.

7. Harding-Esch E, Edwards T, Mkocha H, Munoz B, Holland MJ, Burr SE,
Silah A, Gaydos CA, Stare D, Mabey DCW, Bailey RL, West S; PRET
Partnership. 2010. Trachoma prevalence and associated risk factors in The
Gambia and Tanzania: baseline results of a cluster randomised controlled
trial. PLoS Neglect. Trop. Dis. 4:e861. doi:10.1371/journal.pntd.0000861.

8. Stare D, Harding-Esch E, Munoz B, Bailey R, Mabey D, Holland M,

Gaydos C, West S. 2011. Design and Baseline data of a randomized trial to
evaluate coverage and frequency of mass treatment with azithromycin: the
partnership for rapid elimination of trachoma (PRET) in Tanzania and The
Gambia. Ophthalmolic Epidemiol. 18:20 –29.

9. Yang J, Hong K, Schachter J, Moncada J, Lekew T, House J, Zhou Z,
Neuwelt M, Rutar T, Halfpenny C, Shah N, Whitcher J, Lietman T. 2009.
Detection of Chlamydia trachomatis ocular infection in trachoma-endemic
communities by rRNA amplification. Invest. Opthamol. Vis. Sci. 50:90 –94.

m2000 CT, GeneXpert CT/NG, and Amplicor CT Comparison

May 2013 Volume 51 Number 5 jcm.asm.org 1613

http://dx.doi.org/10.1371/journal.pntd.0000861
http://jcm.asm.org

	Comparison of the Abbott m2000 RealTime CT Assay and the Cepheid GeneXpert CT/NG Assay to the Roche Amplicor CT Assay for Detection of Chlamydia trachomatis in Ocular Samples from Tanzania
	ACKNOWLEDGMENTS
	REFERENCES


