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Quali ty  Contro l  P a r a m e t e r s  for  B r o t h  
Microdi lu t ion  Susceptibi l i ty  Test ing o f  
Amoxlc i l l in  and Amoxic i l l in -Clavu lan ic  A c i d  

Two control strains of Escherichia coli are cur- 
rently used for monitor ing broth microdilution 
susceptibility tests of  amoxicillin-clavulanic acid 
(1). The standard control strain (ATCC 25922) is 
susceptible to amoxicillin with or without clavu- 
lanic acid. A beta- lac tamase-producing strain 
(ATCC 35218) is also used because it is suscep- 
tible to amoxicillin only in the presence  of clavu- 
lanic acid or  other  be ta- lac tamase  inhibitors. 
Both strains should be tested in order  to control  
the two components  in the amoxicillin-clavulanic 
acid combinat ions  (2). A t  this time, there are no 
control limits for tests with amoxicillin since 
ampicillin is normally tested and the two are often 
assumed to be equivalent  (data  to be published).  

Since amoxicillin-clavulanic acid might be used 
for treating infections due to some gram-posi t ive 
microorganisms,  in vitro susceptibility tests are 
required periodically. Microdilution panels that 
have been designed for testing gram-posi t ive mi- 
croorganisms are usually moni tored  by testing 
gram-posit ive control strains, but M I C  control 
limits for such strains have not yet been 
developed.  For  that reason, we carried out  a col- 
laborat ive study that  established M I C  control  
limits for  testing amoxicillin and amoxicillin- 
clavulanic acid (3). The  two standard Escherichia 
coli control strains, Enterococcusfaecalis (ATCC 
29212) and two Staphylococcus aureus strains 
(ATCC 29213 and N C T C  11561) were all eval- 
uated. The  lat ter  Staphylococcus aureus strain 
was selected because it produces  beta- lac tamase 
enzymes that are neutralized by clavulanic acid. 
Consequently, if the inhibitor is degraded during 
storage, the M I C  for the latter control strain will 
increase but  the beta- lac tamase-negat ive  control 
strains should not be affected. 

All five of our  laboratories  p repared  broth  micro- 
dilution trays with dilutions of amoxicillin and 
amoxicillin-clavulanic acid (2:1 combinat ion) .  
Each part icipant  used a different lot of  cation ad- 
justed Muel ler-Hinton broth purchased f rom 
Difco Labora tor ies  (USA).  A sixth lot of  broth  
was used to p repare  control  trays that  were  dis- 
tr ibuted to all part icipants for inclusion in the 
testing process. The  procedures  outl ined by the 
National Commi t t ee  for  Clinical Labora to ry  
Standards were followed as precisely as possible 
(1), The inocula were adjusted to give 3 to 
5x105 cfu/ml in each well. Each part icipant 
tested the five control strains on 30 different occa- 
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Table 1: Results of replicated broth microdilution susceptibility tests ofamoxicillin and amoxicillin plus clavulanic acid (CA) 
with five control strains in five independent laboratories. Proposed MIC limits are enclosed within brackets representing a 
four-dilution range when there is marked skewing away from the mode. 

Antimicrobial Agent No. of times each amoxicillin MIC a (tag/ml) was reported (n = 150) 

0.06 0.12 0.25 0.5 1.0 2.0 4.0 8.0 16 32 64 > 64 

Staphylococcus aureus ATCC 29213 
Amoxicillin 
Amoxicillin + CA 

Staphylococcus aureus NCTC 11561 
Amoxicillin b 
Amoxicillin + CA 

Enterococcusfaecalis ATCC 29212 
Amoxicillin 
Amoxicillin + CA 

Eseherichia coli ATCC 25922 
Amoxicillin 
Amoxicillin +CA 

Escherichia coli ATCC 35218 
Amoxicillin 
Amoxicillin +CA 

[5 79 54 12] 
3 [0 84 64 1] 

2 2 2  b 6 0 0 [120] 
[36 105 91 

[I 123 26] 
[1 145 41 

1 0 [58 
1 4 [lO lOI 

90 I] 
34] 

4 [0 146 O] 
[150] 

a Dilutions of amoxicillin or a 2:1 combination of amoxicillin plus clavulanic acid were tested and in both cases MICs 
were recorded as the concentration of amoxicillin that inhibited growth. 

bone laboratory reported all 30 MICs to be 4.0 to 16/ag/ml, all others reported MICs > 64 ~ag/ml. There was no obvious 
explanation for those aberrant results. 

sions, using 20 test lots of trays unique to that 
labora tory  and 10 control lots of trays com m on  to 
all participants.  This exercise genera ted 150 M I C  
values for each drug-microorganism combina-  
tion. Table 1 shows the distribution of those 
MICs. 

With most  drug-microorganism combinat ions,  
the modal  M I C  was easily identified and a three- 
dilution control  range was proposed as the mode  
plus/minus one dilution. When  Staphylococcus 
aureus A T C C  29213 is tested against ei ther  drug, 
a four-dilution range may be needed because of 
marked  skewing toward the upper  end of the 
usual three-di lut ion range. The  two strains of 
Escherichia coli gave amoxicillin-clavulanic acid 
MICs that  were within the currently recom- 
mended  ranges (1). However ,  for  the susceptible 
strains (ATCC 25922) amoxicillin MICs were  one 
doubling dilution greater  than the 2.0 to 8.0 tag/ml 
range that is described for tests with ampicillin 
(1). In the same way, Staphylococcus aureus 
A T C C  29213 gave amoxicillin MICs that were 
one doubling dilution greater  than the 0.25 to 
1.0/ag/ml limits that  are proposed for tests with 
ampicillin (1). Enterococcusfaecalis,  on the other  
hand, gave amoxicillin MICs  that  were one doub-  
ling dilution lower than the 0.5 to 2.0 lag/ml that 
are p roposed  for ampicillin (1). Clearly, M I C  con- 
trol limits for ampicillin are not necessarily ap- 
propr ia te  for tests with amoxicillin. 

The two beta-lactamase-producing control strains 
(Escherichia cog A T C C  35218 and Staphylococ- 
cus aureus N C T C  11561) were fully resistant to 
amoxicillin (MIC > 64 /ag/rml), a l though one 
laboratory  repor ted  that all 30 of their  MICs for 
strain N C T C  11561 ranged f rom 4.0 to 16 jag/ml; 
these aber ran t  observat ions could not be  ex- 
plained. Both strains were inhibited by the amoxi-  
cillin-clavutanic acid combinat ion,  but  modal  
MICs  were one doubling dilution grea ter  than 
those obtained with the susceptible strain of the 
same species. 

The  M I C  control limits designated within brack- 
ets in Table 1 should provide useful guidelines for 
those who wish to establish a quality control pro- 
gram for broth microdilution susceptibility tests 
that include dilutions of  amoxicillin and/or amoxi-  
cillin-clavulanic acid. 
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Detection of  Human Papilloma Virus Type 6 
D N A  in an Esophageal Squamous Cell 
Papilloma 

Esophageal squamous cell papilloma (ESCP) has 
been regarded as a rare tumor (1). The etiology of 
ESCP had been unknown until 1982, when Syr- 
janen et al. (2) described an ESCP in which 
human papilloma virus (HPV) antigens were dis- 
covered by immunohistochemistry, implicating 
possible involvement of HPV in the development 
of these tumors. These findings were confirmed 
by other authors, demonstrating HPV-suggestive 
morphological changes and HPV 11 DNA in few 

A iamHt Oael Hael Hintl Pstl Rsal ~au3AI 0 B 

Figure 1: Endonuclease cleavage patterns of t he HPV 
PCR product from esophageal squamous cell papilloma. 
Ten/al of the PCR product (450 bp) was mixed with 10 U 
of each enzyme (BamHI, DdeI, HaelII, HinfI, PstI, RsaI 
and Sau3AI, all from Gibco BRL, USA) in the optimal 
buffer to reach a total volume of 15 lal. Reaction was per- 
formed in a 37 *C water bath for I h and stopped by adding 
2/al of DNA gel loading buffer, Digested bands were sep- 
arated by electrophoresis ha 3 % agm-ose gel prepared with 
0.5 x TBE buffer. DNA ladder 123 bp (Gibco BRL) (lane 
A) and DNA molecular weight marker no. VI (Boehringer 
Mannheim) (lane B) were used for the determination of 
fi-agmcnt sizes. 

G 6 11 16 18 0 

Figure 2: Dot-blot hybridization analyses of the PCR pro- 
duct from esophageal squamous cell papilloma. Three/al 
of the PCR products from HPV-positive esophageal 
squamous cell papilloma (lane ESCP) and HPV-positive 
tissue control specimens (lane K) were applied to each of 
six replicate filters. Each filter was separately hybridized 
with a 32P-labelled, HPV ILl type-specific probe (MY12 
for HPV6, MY13 for HPVll, MY14 for HPV16, and WD74 
for HPV18) and HPV L1 generic probes (GP1 and GP2) 
(lane G) and autoradiographed for 10 h without an inten- 
sifying screen. Lane O, negative control. 

ESCPs (3-5). In contrast, Chang et al. (1) were 
unable to detect the presence of HPV 6, 11, 16 or 
18 DNA in 14 ESCPs using in situ hybridization 
and even the most sensitive polymerase chain re- 
action (PCR). 

In the present study seven formalin-fixed, paraffin- 
embedded endoscopic biopsy specimens showing 
histologic characteristics typical for ESCP were 
screened for HPV infection by in situ hybridiza- 
tion and PCR. In situ hybridization was per- 
formed with HPV 6/11,16/18 and 31/33/51 biotin- 
labelled probes from the Enzo PathoGene HPV 
kit (Enzo, USA) according to the manufacturer 's 
directions. After  DNA extraction PCRs that tar- 
get a highly conserved portion (450 bp) of the L1 
region of at least 25 types of HPVs were performed 
using the degenerative consensus primers MY09 
and M Y l l  as described previously (6). 

No HPV DNA was found in any of the 
esophageal tumors or the negative control tissues 
examined by in situ hybridization. Specific hy- 
bridization signals were observed only in our rep- 
resentative positive control tissues. On the other 
hand, using PCR we detected the presence of 
HPV D N A  in one of the seven ESCPs (14.3 %). 
To determine the HPV type, the PCR product of 
the positive tumor was digested using seven re- 
striction endonucleases and analyzed by agarose 
gel electophoresis (Figure 1). The restriction 
enzyme digestion patterns were found to be 
unique for HPV type 6, This finding was addition- 
ally confirmed by dot-blot hybridization analyses 
of the PCR product using 32p-labelled HPV 
generic and type-specific probes (6); however, 
only HPV generic and HPV type 6 specific hy- 
bridization signals were observed (Figure 2). All 
other ESCPs were successfully amplified only 
with internal control human beta-globin primers 
PC04 and GH20 (Perkin Elmer, USA). 


