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In response to a need for monitoring the proficiency of public health labora-
tories in isolating and identifying Neisseria gonorrhoeae, a national external
quality control program was developed. Essentially, three types of freeze-dried
samples, representing different levels of challenge for identification, were sent to
laboratories for testing. The quality of the samples was confirmed by external
reference laboratories, and stability of the samples was confirmed by thermal
degradation tests before the samples were sent to laboratories enrolled in the
program. By analyzing laboratory results, we identified common errors and
chronic problems in testing samples. As a group, laboratories testing small
numbers of actual patient specimens did not perform as well in the program as did
laboratories testing large numbers of specimens; however, the performance of
laboratories testing small numbers of specimens improved over time. Overall,
laboratories experienced the most difficulty with samples containing N. gonor-
rhoeae mixed with other microbial species. Laboratories that performed confir-
matory tests committed fewer errors than did laboratories that performed
presumptive tests only, but the failure to use pure cultures of gonococci for
inoculation of cystine tryptic digest agar appeared to be a chronic problem in
confirmatory carbohydrate testing. A review of the use of different plating media
and confirmatory tests showed that the use of certain media and tests changed
over time.

In 1976, the Centers for Disease Control
(CDC) initiated an external quality control pro-
gram for the culture and identification of Neis-
seria gonorrhoeae. It was developed by the
Microbiology Section, Proficiency Testing
Branch (now the Performance Evaluation
Branch, organizationally a part of the Labora-
tory Program Office), in response to a request
from the Venereal Disease Control Division
(now part of the Center for Prevention Serv-
ices). This Division recognized a need for the
program because (i) the monitoring of laboratory
proficiency in isolating and identifying N. gonor-
rhoeae is a critical aspect of operational quality
control in gonorrhea screening programs, and
(ii) the monitoring systems of state and city
venereal disease control programs were in vari-
ous stages of development. We asked the State
Public Health Laboratory Directors to identify
the state laboratories that would enroll in the
CDC program and to inform us of the approxi-
mate number of specimens each laboratory test-
ed annually for N. gonorrhoeae.

Various types of testing samples were de-
signed to afford different levels of challenge to

the laboratories enrolled in the program. In
addition to typical strains of gonococci, penicil-
linase-producing (PP) N. gonorrhoeae, carbon
dioxide-dependent strains, and a vancomycin-
susceptible (VS) N. gonorrhoeae strain were
included in the samples.
A data management system was designed to

provide summaries of test results, which en-
abled laboratories to compare performance data
and methods. This report summarizes testing
results from the first 5 years of operation of the
CDC program.

MATERIALS AND METHODS

Sample planning and types of samples. Essentially
three types of freeze-dried samples, representing dif-
ferent levels of challenge for isolation and identifica-
tion, were included in the program: (i) samples con-
taining only N. gonorrhoeae, designated pure-type
samples; (ii) samples containing N. gonorrhoeae as the
predominant species mixed with other microbial spe-
cies, designated mixture-type samples; and (iii) sam-
ples containing microbial species other than N. gonor-
rhoeae or Moraxella species, designated negative-type
samples. Samples containing N. gonorrhoeae consist-
ed of carbon dioxide-dependent strains, PP N. gonor-
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rhoeae, a VS strain, and typical strains. Microbial
species other than N. gonorrhoeae included in sam-
ples were Acinetobacter calcoaceticus var. lwoffi,
Branhamella catarrhalis, Candida albicans, Coryne-
bacterium sp., members of the Enterobacteriaceae,
Gardnerella vaginalis, Listeria monocytogenes, Neis-
seria lactamica, Neisseria meningitidis, Staphylococ-
cus aureus, Staphylococcus epidermidis, Streptococ-
cus (group A and B), Streptococcus faecalis,
Streptococcus sanguis, and anaerobes (Bacteroides
fragilis, Clostridium sporogenes, and Peptostrep-
tococcus anaerobius). With a few exceptions, such as

with Proteus species, the growth of organisms added
to mixture-type samples as "background flora" was

suppressed on satisfactory lots of modified Thayer-
Martin agar.
Each proficiency testing sample was accompanied

by an anatomic site source description. Of the samples
containing N. gonorrhoeae, with the exception of one
throat specimen and two anal specimens, all were

described as either cervical or urethral specimens.
Internal acceptance specifications were developed

to assure the quality of the freeze-dried samples. (i)
Thermal degradation tests were performed to assure
that samples containing N. gonorrhoeae had a mini-
mum of tO5 to 106 CFU of gonococci per ml after
exposure to 35°C for 2 weeks (except for two samples
specially prepared to contain about 104 to 105 CFU/ml
so as to present a greater challenge for detection). (ii)
Mixture-type samples contained appropriate species
consistent with the clinical source description, with N.
gonorrhoeae as the predominant species. (iii) The
results of characterization tests essential for identifica-
tion were satisfactory. (iv) The residual moisture con-

tent of the samples did not exceed 1% by the method
employed. A group of four external reference labora-
tories was used to validate the CDC results with each
sample. The reference laboratories were public health
laboratories that conducted large volumes of tests for
N. gonorrhoeae.

Laboratory enrollment. The Venereal Disease Con-
trol Division, Center for Prevention Services, CDC,
initially identified the gonorrhea-screening labora-
tories for each state to be enrolled in the program. A
small number of other laboratories enrolled because of
an interest in the quality control aspects of the pro-

gram. The number of laboratories in the program
increased from about 250 in 1976 to about 430 in 1980.
Information was obtained from over 250 laboratories
concerning their routine workload in testing actual
patient specimens for N. gonorrhoeae.

RESULTS

Report period. The proficiency testing results
reported here are from the period 1976 through
1980, during which about 15,000 freeze-dried
samples were sent to laboratories throughout the
United States in nine scheduled shipments.

Results from reference laboratories. All refer-
ence laboratories successfully isolated and iden-
tified N. gonorrhoeae from the 35 samples pre-

pared at CDC that contained different strains of
the bacterium. All reference laboratories agreed
that gonococci were not present in the 10 nega-

tive samples, with the exception of one sample

that contained C. albicans, S. epidermidis, and
B. fragilis. One reference laboratory reported,
primarily on the basis of fluorescent antibody
(FA) staining, that the sample contained N.
gonorrhoeae; two other reference laboratories
that performed FA staining reported a negative
result. Three (1.1%) of 272 participating labora-
tories reported that the sample contained N.
gonorrhoeae-one on the basis of presumptive
testing and two on the basis of confirmatory
testing (neither employed FA staining). Nine-
teen participating laboratories performed FA
staining with the sample, and all reported a
negative result. Internal testing at CDC with
additional vials of the sample failed to detect the
presence of gonococci.

Presumptive testing. Overall, the percentage
of participant laboratories using presumptive
testing only and reporting correct results with
the 35 samples containing N. gonorrhoeae
ranged from 62.6 to 98.7%. The average percent-
age of laboratories giving correct presumptive
reports for the 18 samples which contained N.
gonorrhoeae mixed with other species was 85%.
The average percentage of laboratories giving
correct presumptive reports for the 17 samples
which contained only gonococci was 93%. The
difference between these average percentages
was statistically significant (P < 0.01), indicat-
ing, as might be anticipated, that laboratories
experienced more difficulty with the mixture-
type samples than with the pure-type samples.
Primary plating media. Beginning with the

1977 11 shipment, the report form used by partic-
ipants was modified so that results could be
reported for a greater variety of plating media.
Participants reported use of the following media:
Thayer-Martin agar (20), modified Thayer-Mar-
tin agar (14), improved Thayer-Martin (Martin-
Lewis) agar (15), New York City medium (8),
Transgrow medium (15), and chocolate agar.
Because of the very small number of reports on
the use of New York City medium, no results
from use of this medium have been presented.
Growth or no growth on plating media could

be reported by participants on the report form,
and the presumptive identity of growth as N.
gonorrhoeae depended upon a laboratory giving
a positive presumptive report. Therefore, to
evaluate the results reported by participants for
various media, the percentage of positive pre-
sumptive reports from laboratories conducting
presumptive testing only with pure-type and
mixture-type samples was compiled according
to single or multiple use of plating media.
As noted previously, the percentage of posi-

tive presumptive tests with samples containing
only N. gonorrhoeae was higher than that with
samples containing a mixture of species. The
highest percentage of positive presumptive tests
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was obtained with improved Thayer-Martin
_ > (Martin-Lewis) agar, and the lowest number was
o o obtained with chocolate agar when samples of

<: s < N. gonorrhoeae mixed with other microbial spe-
cies were tested; single use of improved Thayer-

14i kn Martin agar increased from about 5% in 1977-
1978 to about 28% in 1979-1980. Some labora-

R> < tories reported the use of three or more different
oZ) os media for testing each sample, but presumably a
oZ) < olaboratory would not use this number of media

4; 4 N routinely for actual clinical specimens. The rou-
m en̂ tine use of more than two media for the primary
4= 4 plating of gonorrhea specimens is not recom-

mended, nor does the procedure appear to be
cost effective. During 1979-1980, about 92% of

0 O othe reports were of the use of one or two media;
z 49% for one medium and 43% for two media. In
0 Q the latter case, 92% of the reports were of the

use of chocolate agar in combination with a
selective medium; modified Thayer-Martin and

R> chocolate agar represented 45% of the use of
C o Q o o N two media. The use of improved Thayer-Martin

00oeQQoo >in combination with chocolate agar increased
D rO > 4b from 5% (1977-1978) to 22% (1979-1980). Dur-

ing 1979-1980, the use of a single medium and
the use of three media decreased by about 6 and

CZ o Q ofi o 0 22%, respectively, whereas the use of two media
o.=zo ^ w , increased by about 16%. The use of chocolate,: c =agar in combination with one or more selectivevzo ^ E medium increased by about 12%.

Confirmatory testing. The percentage of labo-
r

E
0 x t .~2 ratories that did confirmatory testing with the 35

o-~ .< > QXsamples containing N. gonorrhoeae and thatQ
reported the presence of N. gonorrhoeae ranged
from 85.2 to 99.2%.

2=woO Overall, the average percentage of labora-
ON Q Dtories giving correct confirmatory reports was

94.0% with mixture-type samples and 96.0%
_N<,,0< Owith the pure-type samples. The difference be-
3-1Qooo tween these average percentages was not statis-

E o °>CL tically significant (P > 0.70). This finding, cou-s:, O _pled with the fact that a significant difference
8- eiv Ewas found between the average percentage of

_ ^ cnerrors with mixture-type samples and pure-type
samples in presumptive testing, indicates that

-O U z >confirmatory testing did reduce the errors labo-
Cd o o ratories experienced with mixture-type samples.
U.tk *OA comparison of confirmatory test results for

o4- samples containing N. gonorrhoeae mixed with
other species and for samples containing only N.-tc;%t;>gonorrhoeae is shown in Table 1. The number

XE 0 .= -., mand percentage of erroneous positive results
E..~X with the carbohydrate tests (maltose, sucrose,

u F = = Q .@ and lactose) and with ortho-nitrophenyl-beta-D-
o < , 0galactopyranoside (ONPG) for the 18 mixture-

type samples were higher than those for the 17
XEg°< pure-type samples. No differences were appar-

0o ent in the results reported for the glucose, FA,
and coagglutination (CA; Phadebact Gonococ-
cus Test; Pharmacia Diagnostics, Piscataway,
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N.J.) tests with the above two types of samples.
The 18 mixture-type samples contained one or

more species capable of utilizing some or all of
the three carbohydrate substrates (maltose, su-

crose, and lactose) used in confirmatory testing.
A comparison of the percentage of erroneous
positive test results reported for the three carbo-
hydrates according to the number of fermenters
present in various samples is shown in Table 2.
The percentage of erroneous results with the
three carbohydrates was lowest with the 17
samples containing only gonococci as indicated
in Table 1.

Beginning with the 1977 II survey, confirma-
tory carbohydrate test results were compiled
according to the method/medium reported by
each participating laboratory. From the 1977
survey through the 1980 II survey, 12 samples
containing N. gonorrhoeae only and 15 samples
containing a mixture of N. gonorrhoeae and
other species were mailed to laboratories; the
confirmatory carbohydrate test results reported
for these samples according to the method/me-
dium used are shown in Table 3.
The percentage of erroneous positive reac-

tions reported for maltose, sucrose, and lac-
tose/ONPG was observed to be higher with the
15 mixture-type samples than with the 12 sam-
ples containing only gonococci, with the excep-
tion of phenol red broth for maltose and the
BACTEC (BBL Microbiology Systems, Cock-
eysville, Md.) method with maltose. The latter
method utilized fructose (not shown in tables)
and did not include sucrose and lactose. These
differences were statistically significant (P <
0.05) only for the reports with cystine tryptic
digest agar (CTA) for all three carbohydrates
and for reports with the rapid fermentation test
for maltose. The smaller number of tests report-
ed for other methods may explain why signifi-
cant differences were not found with some of
these methods.

Regarding glucose, the number of correct pos-
itive reports ranged from 90.9% for phenol red
broth to 100.0% for the BACTEC method for the

12 samples which contained only gonococci.
Since the number of tests reported for these two
methods was very limited, the range of positive
results with samples containing only gonococci
was 94.4% for CTA to 98.3% for the Minitek
system if the results of the phenol red broth and
BACTEC methods are not considered. With
samples containing a mixture of species, the
range was 97.3% for CTA to 99.1% for the rapid
fermentation test.

Although the number of tests reported in
which the CA method was used was less than
the number of FA tests reported (Table 1), the
percentages of positive results for both methods
were comparable. With the nine samples devoid
of gonococci, 6 (4.7%) of 129 FA tests were
reported as positive; 3 of the 6 positive tests
were reported for a sample which contained only
S. aureus. Four (5.1%) of 78 FA test results
were reported as positive for a sample which
contained N. meningitidis. There were 11 CA
tests reported for four samples devoid of gono-
cocci, with one positive test result.
The use of different confirmatory testing

methods by laboratories participating in the pro-
gram changed over time. In the carbohydrate
utilization (CU) test group, the use of CTA with
carbohydrate substrates declined by about 15%
between 1977-1978 and 1979-1980. The use of
RFT and the Minitek method increased by 20
and 38%, respectively; use of the BACTEC
method increased from 1 to 2%.
The use of the FA method declined slightly

(about 6%) between 1977-1978 and 1979-1980.
With reference to CA tests, the Phadebact
Gonococcus Test was not commercially avail-
able during 1977-1978, but it represented about
7% of the 1979-1980 reports. Initial reports on
the use of CA tests were received in 1979.
Overall, among the three confirmatory test
groups (CU, FA, and CA), the use of CU tests
and the FA method declined somewhat, 4 and
6%, respectively.
The FA method constituted about 32% of the

confirmatory tests performed during 1977-1978,

TABLE 2. Comparison of erroneous positive carbohydrate test results with the number of maltose, sucrose,
or lactose fermenters present in samples containing N. gonorrhoeae mixed with other microbial species

Carbohydrate test

No. of Maltose Sucrose Lactose
fermenters'

No. of No. positive/ % Posi- No. of No. positive/ % Posi- No. of No. positive/ % Posi-
samples no. of tests tive samples no. of tests tive samples no. of tests tive

0 17 54/3,296 1.6 17 30/3,131 0.9 17 15/2,186 0.7
1 4 31/760 4.1 3 8/520 1.5 10 25/1,223 2.0
2 12 109/2,266 4.8 14 74/2,434 3.0 5 21/625 3.4
3 2 10/361 2.8 1 9/192 4.7 3 17/383 4.4

a Number of maltose, sucrose, or lactose fermenters in the samples.
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TABLE 3. Confirmatory carbohydrate utilization test results according to the method/medium reported for
12 samples containing N. gonorrhoeae and for 16 samples containing a mixture of N. gonorrhoeae and other

species

Sample No. of positive/no. of tests (% positive)
type Glucose Maltose Sucrose Lactose/ONPG

CTA Pure 1,190/1,260 (94.4) 25/1,262 (2.0) 8/1,198 (0.7) 8/1,067 (0.7)
Mixture 1,532/1,574 (97.3) 58/1,545 (3.8) 38/1,453 (2.6) 27/1,310 (2.1)

Phenol red broth Pure 10/11 (90.9) 3/11 (27.3) 0/11 (0.0) 0/10 (0.0)
Mixture 25/27 (92.6) 3/27 (11.1) 3/28 (10.7) 2/26 (7.7)

Rapid fermentation test Pure 519/529 (98.1) 0/524 (0.0) 1/403 (0.3) 1/247 (0.4)
Mixture 590/596 (99.1) 15/593 (2.5) 5/525 (1.0) 6/295 (2.0)

Miniteka Pure 349/355 (98.3) 6/351 (1.7) 6/356 (1.7) 1/278 (0.4)
Mixture 391/397 (98.5) 18/381 (4.7) 15/385 (3.9) 5/309 (1.6)

BACTECb Pure 24/24 (100.0) 0/24 (0.0)
Mixture 27/27 (100.0) 0/26 (0.0)

a ONPG is used in the Minitek System (BBL).
b BACTEC (BBL) radiometric method.

with 9% of its use being in combination with CU
tests and 23% as the only confirmatory test
performed. During 1979-1980, FA and CA tests
constituted about 37% of the confirmatory tests,
about 11% of their use being in combination with
CU tests and 26% as the only confirmatory test
performed.

Extent of presumptive and confirmatory testing
errors. A comparison of the number and per-
centage of errors according to presumptive and
confirmatory reports for pure-type and mixture-
type samples containing N. gonorrhoeae is
shown in Table 4. Two listings of pure-type
samples, with and without the sample that con-
tained the VS N. gonorrhoeae strain, are shown
because of the high error with this sample.

In the table, an error was defined as a negative
report (the failure to report the presence of N.
gonorrhoeae either by presumptive or confirma-
tory testing). Analyses of differences in the
percent error for presumptive testing and for
confirmatory testing with pure-type and mix-
ture-type samples showed these differences to
be statistically significant.
There were only 39 reports of no growth on

primary plating media with the 16 pure-type
samples (not including the VS N. gonorrhoeae

sample), which represented only about 0.8% of
the 4,922 individual vials that constituted the 16
samples mailed to the laboratories. It is difficult
to determine with absolute certainty whether the
gonococci were actually nonviable in every re-
port of no growth or whether other factors, such
as media quality or incubation conditions, were
responsible for such reports. In internal quality
control testing at CDC with the 16 pure-type
samples, gonococci were recovered in sufficient
numbers for identification from all vials subject-
ed to thermal-degradation tests, and all refer-
ence laboratories successfully recovered the
bacterium.
PP N. gonorrhoeae. During the course of the

program, four samples containing PP N. gonor-
rhoeae were mailed to laboratories with instruc-
tions to test for beta-lactamase by the method
used routinely. A summary of the results report-
ed by the laboratories for the four samples is
presented in Table 5. For the samples mailed in
1977, about 60% of the laboratories reported use
of the agar disk diffusion method (21) and about
40% reported the use of chemical methods (1).
The percentage of laboratories using either the
agar disk diffusion or chemical method was
about equal in 1980. Of the three chemical

TABLE 4. Comparison of errors according to presumptive and confirmatory reports for samples containing
only N. gonorrhoeae and with samples containing N. gonorrhoeae mixed with other microbial species

Sample No. negativea/no. of reports (% negative)
type Presumptive testing Confirmatory testing

Pure 17b 92/1,255 (7.3) 177/3,999 (4.4) P < 0.0002
Pure 16c 72/1,174 (6.1) 139/3,748 (3.7) P < 0.0008
Mixture 15d 166/1,176 (14.1) 201/3,317 (6.1) P < 0.0001

a Did not report presence of N. gonorrhoeae.
b Including VS N. gonorrhoeae strain.
c Not including VS N. gonorrhoeae strain.
d Not including three samples with source description of throat or anal.
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methods used, overall the chromogenic cephalo-
sporin method appeared to be the most sensi-
tive, but only about 27% of the laboratories
performing chemical tests reported use of this
method in 1980. In 1977, the laboratories also
tested two samples containing non-PP N. gonor-
rhoeae strains (not shown in Table 5). About
4.6% of the tests were reported as positive for
beta-lactamase by laboratories using the agar
disk diffusion method. About 4.4% were report-
ed as positive by laboratories using chemical
methods, but only by laboratories using the
iodometric method.
VS N. gonorrhoeae. A VS N. gonorrhoeae

strain was sent to laboratories in 1980. Instruc-
tions accompanying the sample recommended
that chocolate agar be inoculated in parallel with
a selective medium. Laboratories performing
presumptive testing only, as well as laboratories
using confirmatory testing, experienced difficul-
ties with the strain. About 25% of the labora-
tories performing presumptive testing only and
about 15% of those performing confirmatory
testing were not successful in recognizing the
VS N. gonorrhoeae strain. The number (4.8%)
of reports of no growth on samples without
chocolate agar exceeded the number (1.2%) of
reports of no growth on samples in which choco-
late agar was used alone or in combination with
selective media for plating of the VS N. gonor-
rhoeae strain.
Workload and tracking of performance. As

mentioned previously, information relating to
the number of actual patient specimens exam-
ined for N. gonorrhoeae was obtained from over
250 laboratories. Initially in the program, the
group of laboratories (subgroup A) testing the
smallest number of patient specimens (0 to 12
per day) was identified as having the lowest
performance of the laboratory subgroups stud-
ied. For this reason, the performance of sub-
group A laboratories was tracked over time in
the program and compared with the perform-
ance of the group of laboratories testing over 100
specimens per day (subgroup D) and with State
Health Department laboratories (subgroup E).
The workloads of subgroup E laboratories were
not considered because the performance of this

subgroup was chosen as a reference point for
comparison with that of other subgroups. Over-
all, the mixture-type sample represented the
more difficult challenge for identification of N.
gonorrhoeae, and the performance of the above
three subgroups of laboratories was tracked
over time (1976 to 1980) when challenged with
this type of sample as shown in Fig. 1.
The performance of subgroup A laboratories

improved over time. In 1976, the percent error
(failure to report N. gonorrhoeae) for subgroup
A was about 27%; the percent error decreased
(as shown in Fig. 1) to about 9% in 1980. For
comparison, in 1976 the percent errors for sub-
group D and subgroup E were about 5 and 1.6%,
respectively. Except for the occurrence (1978 II

shipment) in which the percent error for sub-
group D was 12%, the percent error for this
subgroup ranged from 2.5 to 8%. For subgroup
E, it ranged from 0 to about 6% and was
consistently lower than the other two sub-
groups.
The peak (1978 II shipment) shown in Fig. 1

for laboratory subgroup D and the peak (1977 II)
for laboratory subgroup E were related to test
results with mixture-type samples containing N.
gonorrhoeae, S. aureus, and S. faecalis. This
type of sample presented a particular problem to
those laboratories that employed CTA media for
CU tests in confirmatory testing. The erroneous
results appear to have been related in part to the
failure to use a pure culture of N. gonorrhoeae
for inoculation of CTA media.
With reference to the VS N. gonorrhoeae

strain, 22% of the subgroup A laboratories were
unsuccessful in isolating/identifying the strain as

compared with 13% for subgroup D; about 7% of
the subgroup E laboratories (State Health De-
partments) were unsuccessful.
The performance of individual laboratories

over time could also be tracked to identify those
laboratories with chronic testing problems. As
an example of this, in 1980 a laboratory was

identified with a percent error of 61% (obtained
incorrect results with 14 of 23 samples tested).
About 30% of the errors were with the pure-type
samples and 70% were with the mixture-type.
Essentially, the problem of this particular labo-

TABLE 5. Beta-lactamase test results reported with four proficiency testing samples containing PP N.
gonorrhoeae

Test method
No. positive/no. of tests (% positive) for sample:

AG7-AO5 AG7-B06 AG7-B07 AGO-AO5

Agar disk diffusion 90/98 (91.8) 100/107 (93.5) 87/103 (84.5) 89/105 (84.8)
Chemical tests
Acidometric 33/34 (97.1) 31/34 (91.2) 28/32 (87.5) 41/45 (91.1)
Iodometric 18/19 (94.7) 26/29 (89.7) 22/24 (91.7) 32/33 (97.0)
Chromogenic cephalosporin 5/5 (100.0) 8/8 (100.0) 8/8 (100.0) 28/29 (%.6)

VOL. 18, 1983



1156 GRIFFIN, MEHAFFEY, AND COOK

28

26

24-

22-

20-

118
w

16-

0
m 12
w
- 10 /

8

6

4

2-

1976I 19771 19771I 1978 I 1978 I 19791 19791 1980
1

2 1 3 2 2 2 2 2

YEAR, SHIPMENT, AND NUMBER OF "MIXTURE-TYPE" SAMPLES TESTED

FIG. 1. Errors (%) by three laboratory subgroups by year and shipment with 16 samples containing N.
gonorrhoeae and other microbial species. Symbols: 0, laboratory subgroup A (53 laboratories testing 0 to 12
patient specimens per day); A, laboratory subgroup D (70 laboratories testing >100 specimens per day; a,
laboratory subgroup E (37 State Health Department laboratories).

ratory was limited to the conduct of confirma-
tory CU tests; about half of the errors detected
were due to negative glucose test results, and
the other errors were due to positive maltose
results; positive sucrose and lactose results were
also reported in about half of the tests in which
maltose results were positive.

DISCUSSION
The degree of success various laboratories

have in isolating and identifying N. gonorrhoeae
(as well as other microbial species) is dependent
upon a number of factors, some of which are: (i)
methods for collecting and handling specimens;
(ii) quality of media and reagents; (iii) isolation
and identification procedures; (iv) internal quali-
ty control procedures; (v) training and experi-
ence of laboratory personnel; and (vi) manage-
ment and supervisory practices (22).

Internal quality control procedures, if ade-
quately designed and applied, are usually more
appropriate for detecting day-to-day problems.
However, problems and errors that otherwise
might not be identified can sometimes be detect-
ed through an external quality control program
by interlaboratory comparisons. The problems
identified by an external program are usually
chronic, such as the use of an inadequate meth-

od or culture medium or the failure to use an
established method correctly.
As presented above, the percentage of errors

reported by laboratories doing presumptive test-
ing only was significantly higher than that re-
ported by laboratories performing confirmatory
testing. Problems and errors were observed with
initial procedures for cultivation, selection, and
identification of gonococci. A small number (six)
of laboratories reported the single use of choco-
late agar for primary plating of the samples; as
would be anticipated, the number of positive
presumptive test results reported by these labo-
ratories with samples containing N. gonorrhoe-
ae mixed with other microbial species was lower
than that reported by laboratories using a selec-
tive medium. As a minimum for primary plating,
laboratories should use a selective medium such
as one of the following: modified Thayer-Martin
medium (13), improved Thayer-Martin (Martin-
Lewis) medium (15), or New York City medium
(7-9).
As a general statement, it is usually consid-

ered good practice to inoculate a nonselective
medium in parallel with a selective medium for
the initial plating of specimens. A selective
medium represents a compromise in that the
selective agent(s) used to suppress the growth of
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undesired species may inhibit the growth of
desired species, the degree of inhibition being
dependent upon the strain, the population of
cells in the inoculum, and the final concentration
of the selective agent(s) in the medium. Also, a
specimen may contain a clinically relevant mi-
crobial species whose growth is inhibited by the
selective medium in use and whose presence
was not suspected during examination of the
specimen. Economics sometimes dictate the use
of one medium (or the practice of inoculating
several different specimens onto demarcated ar-
eas of one plate). About half of the reports
received during 1979-1980 from laboratories in
the CDC program listed the use of one plating
medium; of these, about 95% listed the use of a
selective medium.
With each mixture-type sample containing N.

gonorrhoeae, some laboratories reported growth
on a selective medium but did not obtain all
positive presumptive findings. There are proba-
bly several explanations for such results, and
one consideration is the quality of the medium or
media used for primary plating. Despite im-
provements in the quality of media used for the
isolation of N. gonorrhoeae, some problems
have been experienced; it was reported (12) that
about 14% of commercially prepared media used
in 1979 for the isolation of N. gonorrhoeae were
unsatisfactory. It is necessary and reasonable
for laboratories to have quality control proce-
dures for media (3), whether the media are
purchased in ready-for-use form or are prepared
within laboratories from purchased components
(dehydrated media and additives). Media must
also be stored according to the manufacturer's
directions and discarded when outdated. A se-
lective medium must be carefully prepared to
obtain the selectivity required for its particular
use and then stored properly to maintain this
important characteristic.

In the instructions accompanying shipments
of proficiency testing samples, laboratories were
cautioned against holding restored freeze-dried
samples before primary plating because of the
possible overgrowth ofN. gonorrhoeae by some
species present in mixture-type samples. This
consideration is, of course, important in han-
dling many kinds of microbiological specimens
containing more than one microbial species;
prolonged holding under certain conditions may
also result in a loss of microbial viability (10).
The failure to provide the incubation condi-

tions necessary for the growth of gonococci may
be another factor in determining whether gono-
cocci were recovered from samples; proper
moisture, atmospheric conditions, and tempera-
tures must be provided (15).

Detection of the VS N. gonorrhoeae strain
included in proficiency testing presented a prob-

lem to some laboratories. There have been sev-
eral reports (4, 6, 17, 18, 23) of VS N. gonor-
rhoeae strains in the literature, and these strains
may represent 3 to 10% of gonococcal strains.
The challenge of detecting VS N. gonorrhoeae
strains can be met partially by the use of a
nonselective medium (such as chocolate agar) or
by modifying the formula of a selective medium,
for example, modified New York City medium
(9), or both.
Other problems that led to negative presump-

tive results with samples containing N. gonor-
rhoeae may have been related to errors such as:
(i) selection of colonies other than those of
gonococci for examination; (ii) failure to obtain
pure cultures of gonococci for further examina-
tion; (iii) failure to properly perform the oxidase
test or use of an unsatisfactory oxidase test
reagent; (iv) failure to properly perform the
Gram stain procedure; (v) misinterpretation of
microscopic observations; (vi) failure to apply
quality control measures to media, procedures,
and reagents; or (vii) clerical errors in reporting
test results.
A few laboratories experienced problems with

some negative-type samples that did not contain
Neisseria species. It was anticipated that some
laboratories performing only presumptive test-
ing would experience problems with samples
containing certain Neisseria species (such as N.
lactamica) or Moraxella species. However,
some laboratories reported N. gonorrhoeae for
samples containing organisms such as S. aureus,
Alcaligenes faecalis, C. albicans, G. vaginalis,
and L. monocytogenes; these reports indicate
problems with some very basic procedures and
suggest a need for training of personnel.
A throat sample containing N. meningitidis

and other species was sent to laboratories in the
1978 I shipment, but the report form in use at
that time did not offer participants the option to
report "Neisseria, species to be determined,"
after this shipment, this reporting option was
added to the report form for samples designated
as being from throat or anal sources. The use of
the reporting option "Neisseria, species to be
determined" was discussed in summary analysis
reports sent to participating laboratories. How-
ever, we were not too successful in educating
the participants using only presumptive tests to
report "Neisseria, species to be determined"
for Neisseria isolates contained in throat or anal
samples. It has been recommended (16) that
confirmatory tests be performed with isolates
from urogenital sites, and confirmation is re-
quired for isolates from sources other than uro-
genital sites. Laboratories that perform pre-
sumptive testing can only report "Neisseria,
species to be determined" for isolates from sites
other than urogenital sites (11) until confirma-
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tion is obtained (presumably from another labo-
ratory to which such isolates are referred).

Significantly fewer errors were observed with
reports from participants using confirmatory
tests, and most of the errors in confirmatory
testing were related to CU tests and to the use of
CTA in particular. Pitfalls in the use of CTA for
carbohydrate testing have been described (2, 11,
16, 19) together with methods for resolving
problems in testing. It was apparent from data
collected in the program that errors with CTA
carbohydrate testing were more frequent with
mixture-type samples than with pure-type sam-
ples. The frequency of errors was related to the
number of fermenters present in mixture-type
samples and indicated that the failure to obtain
pure cultures of gonococci for inoculation of
CTA was responsible in part for erroneous posi-
tive test results. This type of error was also
apparent with other methods (rapid fermentation
test and Minitek) for CU but not with other
types of confirmatory tests (FA and CA).
Erroneous positive carbohydrate test results

may indicate several problems: (i) failure to
carefully select and pick colonies so that pure
cultures are obtained, (ii) failure to follow rec-
ommended procedures, and (iii) failure to train
personnel in the recommended procedures.
With some procedures or circumstances, a puri-
fication plate is required to obtain a sufficient
amount of growth of a pure culture (5, 11, 16) as
inoculum in carbohydrate testing; the pitfalls of
using growth from primary selective media as an
inoculum should be recognized (16). The deci-
sion to bypass the purification plate step is often
based on economics and time considerations.
However, before making the decision to bypass
the purification step, a laboratory should per-
form tests on each isolate with and without
purification to determine whether bypassing the
step introduces error into the confirmatory car-
bohydrate testing results.
The general perception that, as a group, the

laboratories testing small numbers of patient
specimens do not perform as well as laboratories
testing larger numbers is supported by the data
obtained from laboratories enrolled in this exter-
nal program. However, it is not implied that all
laboratories testing small numbers of specimens
are not capable of producing results of accept-
able quality. If a laboratory that tests small
numbers of specimens cannot improve and
maintain the quality of its test results, then its
director should consider an arrangement with
another, perhaps larger, laboratory to test the
specimens or isolates from the specimens.

In spite of its limitations, an external quality
control program offers the following opportuni-
ties and benefits: (i) different types of stable,
freeze-dried samples can be sent for testing to

laboratories with a high degree of confidence in
the quality of the sample when received; (ii)
individual laboratories and subgroups of labora-
tories experiencing difficulties can be identified
by tracking their performance over time; (iii)
once identified, assistance can be directed to
those laboratories with problems; (iv) tests of
difficulty and testing methods presenting chronic
problems can be identified, and remedial mea-
sures can be proposed; (v) an external program
can supplement individual laboratory internal
quality control efforts and provide a vehicle for
the continuing education of laboratory person-
nel; (vi) summaries of testing results allow indi-
vidual laboratories to compare their perform-
ance and methods with those of other
laboratories; (vii) methods and specific tests can
be evaluated, allowing inadequacies to be identi-
fied that otherwise might not be detected; (viii)
information on commonly used tests and new
tests can be provided as a basis for choosing
better or more standard methods, or both; (ix)
the shifts in usage of different media and tests
over time can be tracked; (x) a large base of test
data can be developed for assessing the state of
the art and state of the technology to evaluate
the need for standard or reference methods.

Probably the two most important factors in
the survival and continuation of external quality
control programs, other than budgetary consid-
erations, are their value (i) in interlaboratory
comparisons and (ii) in the continuing education
of laboratory personnel. It is incumbent upon
external program providers to establish credibil-
ity in the program by providing stable testing
samples of acceptable quality and by being re-
sponsive to problems identified in the testing of
laboratories.
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