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Parasitology

Let’s start off with an interesting but troubling 
study in parasitology. Malaria testing is obvi-
ously important, and a testing solution should 
ideally be available in hospital laboratories 24/7. 
Preparation of thin and thick smears for Wright/
Giemsa staining and microscopy is the preferred 
method, but staff competent to prepare and read 
such stains may not be available at many loca-
tions or on all shifts. Rapid antigen tests have 
relatively good sensitivity for Plasmodium falci-
parum, the primary agent causing malaria cases 
seen in patients seeking care in the United States 
and can be used for a rapid result while waiting 
for the microscopy review. Malaria antigen tests 
are based on detection of some combination of 
pan-Plasmodium protein aldolase and/or lactate 
dehydrogenase, and P. falciparum-specific histi-
dine-rich protein 2 (HRP2) or HRP3. The only 
FDA-cleared malaria antigen assay in the U.S. is 
the Abbott BinaxNow test, which detects aldolase 
and HRP2 (for which there is some cross-reac-
tivity with HRP3). An important report out this 
year demonstrates that a considerable quantity 
(about 10%) of P. falciparum strains circulating 
in Ethiopia are losing HRP2 and HRP3 due to 
chromosomal deletion, possibly under selective 

pressure related to the tests commonly used in 
the region to detect and treat cases [1]. This is 
important to consider for testing methods in 
the U.S., as well. The BinaxNow assay utilizes 
aldolase as a pan-Plasmodium target, but this 
has lower sensitivity than HRP-based detection, 
as demonstrated by the lower sensitivity of the 
test for non-falciparum species of Plasmodium. If 
HRP2 and/or HRP3 is lost, the BinaxNow test 
would likely have a higher limit of detection for P. 
falciparum, leading to reduced sensitivity in low-
parasitemia cases and would also mischaracterize 
some P. falciparum infections as non-falciparum 
Plasmodium species.

Mycology

1,3-ß-d-Glucan and galactomannan

2021 was a great year for clinical mycology 
papers. Several research papers are highlighted 
below, including Candida auris culture methods, 
updates on fungal antigen tests used to diagnose 
invasive fungal infection, and several interest-
ing reviews.

Given that culture-based methods have limited 
sensitivity for invasive fungal infection (IFI), 
there is considerable interest in, and utilization 
of, alternate testing modalities, including fungal 
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biomarkers, such as 1,3-β-d-glucan (BDG) and galactomannan. 
Although the appeal of a test using non-invasive specimen types 
that can improve detection of IFI is obvious, there are concerns 
about the accuracy of these tests. For example, BDG testing for 
invasive candidiasis is estimated to be about 75 to 80% sensitive 
and 60 to 80% specific. Galactomannan testing for invasive asper-
gillosis using a 0.5 cutoff value is approximately 78% sensitive and 
85% specific [2]. There is still a lot of room to debate their util-
ity [3], but if you are running these tests in your laboratory, and 
especially if you are sending them to a reference laboratory, there 
was good news in 2021 regarding the possibility of attaining the 
same mediocre performance much faster!

Let’s start with BDG. While living in Boston, I visited Cape 
Cod a few times, and one of its endearing features is that every-
thing seems to move more slowly there, including BDG testing 
deveoped by the Associates of Cape Cod, Inc., the developers of 
the original Fungitell BDG assay. However, they have now made 
a STAT BDG assay using a simple reader device that can provide 
BDG results in less than an hour. White et al. evaluated 107 serum 
specimens across a spectrum of BDG concentrations as determined 
by the Fungitell assay and noted equivalent performance between 
the two tests [4]. Unlike many exciting new tests, the STAT BDG 
assay is already FDA cleared, so you can bring this test in house 
more easily if you are so inclined.

In addition, rapid galactomannan testing is not far behind. Jani 
et al. evaluated the sona Aspergillus galactomannan lateral-flow 
assay (GM LFA) in serum and bronchoalveolar lavage (BAL) fluid 
with comparison to the Platelia Aspergillus galactomannan enzyme 
immunoassay (GM EIA), but also clinical categorization as proven, 
probable, or possible invasive aspergillosis (IA) [5]. Of 448 serum 
specimens, 8 were positive by both GM EIA and GM LFA, 8 were 
positive by only GM LFA, and 432 were concordantly negative. Of 
85 BAL specimens, 2 were positive by both GM EIA and GM LFA, 
6 were positive by only GM LFA, and 77 were concordantly nega-
tive. So, does the LFA have better sensitivity or worse specificity? 
The study also categorized 28 patients (31 specimens) with either 
positive fungal biomarker or positive Aspergillus cultures based on 
clinical evaluation and other available laboratory data as proven 
IA, probable IA, possible IA, or no evidence of IA. Among these, 
the GM LFA was positive in all 4 patients with proven IA, 7/8 
with probable IA, and 2/4 with possible IA, but also 8/12 with no 
evidence of IA. In contrast, the GM EIA was positive in only 1/4 
patients with proven IA and none with possible IA. Based on this 
patient categorization, it seems the answer is that the GM LFA is 
both more sensitive and modestly less specific than the GM EIA 
in this patient population. The GM LFA was read both manually 
and with a manufacturer-provided reader device, and interest-
ingly, of the 14 specimens positive by GM LFA but negative by 
GM EIA, 12 were positive by the automated reader but negative 
by manual reading.

Coccidioidomycosis

Coccidioidomycosis is another diagnostic challenge that has been 
complicated by the fact that no single test achieves high sensitivity. 
Kassis et al. published a study wherein multiple testing modalities 

(IgG and IgM antibodies by different methods and antigen in 
urine or serum) were evaluated on more than 100 patients with 
established Coccidioides infections. Greater than 90% sensitivity 
was achieved by stacking immunodiffusion IgG and IgM in com-
bination with urine antigen and serum antigen (4 tests total) while 
maintaining >95% specificity [6]. Coccidioides was detected by his-
topathology review in 55% and by culture in 60% of the cases and 
by pathology or culture in 66% of the cases. Unfortunately, the 
authors did not evaluate the sensitivity and specificity of layering 
one or more antibody/antigen tests (which are expensive and are 
sent to a reference laboratory) with the pathology/culture results 
(since these are typically performed routinely).

Another study out of Arizona, a Coccidioides hotspot, demonstrated 
promising results for a single test that attained relatively high sen-
sitivity for coccidioidomycosis. Grill et al. developed a quantita-
tive inhibition-based ELISA for detection of CTS1 (coccidioidal 
chitinase 1) in serum [7]. Among patients with proven or probable 
Coccidioides infections, the sensitivity was 87% when a cutoff that 
yielded 97% specificity for control subjects living in Phoenix, AZ, 
was used. Pretty promising!

Candida auris

Candida auris is frequently multi-drug resistant and is increasingly 
reported in the U.S. either as a causative agent of infections or as a 
part of environmental surveillance efforts [8]. Although C. auris is 
readily identified by matrix-assisted laser desorption–time of flight 
mass spectrometry (MALDI-TOF MS) and molecular methods 
where available, biochemical methods struggle to identify C. auris, 
with possible misidentification as C. haemulonii, C. duobushaemulo-
nii, C. parapsilosis, C. sake, or other less common yeasts. For screen-
ing cultures, it is preferable to have a selective and differential agar 
(such as a chromogenic agar) capable of accurately identifying C. 
auris. A study by de Jong et al. evaluated 3 chromogenic Candida 
agars and 2 newly developed chromogenic agars—CHROMagar 
Candida Plus (CCP) and HiCrome C. auris MDR selective agar 
(HAMA)—that were specifically formulated to aid in the identi-
fication of C. auris [9]. None of the original chromogenic Can-
dida agar formulations (CandiSelect, CHROMagar Candida, and 
Chromatic Candida) provided a meaningful ability to distinguish 
C. auris from other, closely related Candida species. In contrast, 
the CCP colony morphology/color pattern for C. auris could be 
distinguished from all but C. vulturna and C. pseudohaemulonii. 
The HAMA medium formulation includes inhibitory substances 
intended to select for highly drug-resistant strains, and in this 
study, only C. auris isolates with high fluconazole MICs (>256; 
3/9 isolates) were isolated, thus limiting utility. Another paper by 
Das et al. describes the development of a simple selective agar for 
C. auris, modifying a base of yeast extract-peptone-dextrose agar 
with 12.5% NaCl and 9 mM ferrous sulfate (SAM medium) for 
incubation at 42°C for 48 to 72 h. Of 133 C. auris isolates tested, 
127 grew on this medium by 48 h, the remaining 6 isolates grew 
by 72 h, and none of the 446 non-C. auris yeast isolates from an 
extensive library of common clinical yeasts were able to grow 
within 72 h [10]. 
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Molecular diagnostics

Your laboratory has probably sent out (or performed in house) 
broad-range fungal PCR with amplicon sequencing for the detec-
tion and/or identification of fungal pathogens in tissue. But does 
it actually help? Lieberman et al. evaluated data from 52 patients 
with suspected fungal sinusitis who had tissue submitted for culture 
and broad-range fungal PCR on the same day (54 specimen pairs). 
Of 49 specimen pairs categorized as proven, probable, or possible 
IFI, 27 were positive by culture (55%) and 33 were positive by 
broad-range PCR (67%). Of note, the turnaround time for PCR-
based testing was shorter than for culture, though this would not 
be true for testing sent to a reference laboratory (testing for this 
study was performed in house). Specimens that were positive by 
direct stain were detected equally well by culture and PCR (18/19 
for each), and PCR had the advantage in smear-negative cases. It is 
also worth noting that the majority of patients received anti-fungal 
drugs prior to testing, which may have impacted the sensitivity of 
culture to a greater degree than that of PCR. The authors con-
cluded that the improved performance of PCR impacted clinical 
decision making in 16.7% of cases, which is pretty compelling 
[11]. In addition, although formalin fixation and paraffin embed-
ding (FFPE) are known to degrade nucleic acid, in a larger data set 
(not matched pairs), a higher positivity rate for FFPE specimens 
(42.3% of 208 specimens) than fresh specimens (34.6% of 436 
specimens) was found. This may reflect better specimen selection 
for FFPE, where blocks with detected organisms can be chosen 
versus blind testing on fresh specimens; regardless, this high level 
of detection from FFPE is surprising.

2021 Reviews of fungal diagnostics

Several helpful reviews on fungal testing topics were published in 
2021. Lamoth et al. performed a systematic review of the perfor-
mance of BDG serum testing in various clinical settings (excluding 
Pneumocystis jirovecii pneumonia (PJP)), finding that due to limita-
tions of either low negative predictive value or low positive pre-
dictive value, routine BDG could not be recommended except to 
rule out IFI in solid-organ transplant patients and other immuno-
suppressed patients with low IFI risk or to start antifungal therapy 
with two consecutive positive BDG results in hematologic cancer 
patients at high risk for IFI or intensive care unit patients at high 
risk for invasive candidemia [12]. The Fungus Testing Laboratory 
and Molecular Diagnostics Laboratory at the University of Texas 
Health Science Center at San Antonio, TX, published a 1-year 
review of mucoralean molds identified by their national reference 
laboratory, including epidemiological data (11 genera and 25 spe-
cies identified) and antimicrobial susceptibility testing (AST) for 
amphotericin B, isavuconazole, itraconazole, and posaconazole 
[13]. Nathan Wiederhold also published a primer for clinicians 
on antifungal susceptibility testing, which may be useful as edu-
cational material for your clinical trainees [14]. If you like big data 
sets, you might enjoy Table 1 of the study by Desnos-Ollivier et al. 
summarizing azole AST for over 9,000 yeast isolates representing 
40 clinically relevant species [15].

Automation and Technology

Now, let’s talk about computers and new technology. First off, 
there is little reason for any current or future technologist any-
where to think that automation or artificial intelligence is going 
to prevent them from working in a clinical microbiology labora-
tory—some efficiencies will be gained, but at a lower rate than 
the developing shortage of technologists. There are, and always 
will be jobs available for the medical technologist in microbiology. 

But back to the computers. Wang et al. evaluated the ability of 
a convolutional neural network trained to evaluate Gram stain 
images to read vaginal microbiota smears and categorize their 
bacterial vaginosis Nugent score compared to technologists and 
obstetricians [16]. The gold standard “true” result for each image 
was determined by readings from two trained clinical microbi-
ologists. If the clinical microbiologists disagreed on the Nugent 
score category (0 to 3, 4 to 6, or 7 to 10), a third reader (chief 
obstetrician) read the image, and if they agreed with one of the 
microbiologists, that result was accepted as true. There were some 
cases (number not provided) where none of the three agreed with 
each other, and there are only three categories! This type of assay 
is obviously subjective, but the computers performed pretty well 
and, depending on how they were tuned, could achieve up to 97% 
sensitivity, but with low specificity (69%). The best balance of the 
two was 89% sensitivity and 85% specificity. Individual technolo-
gists performed similarly to the high-sensitivity model; obstetri-
cians were better for specificity. 

There are two companies currently offering total laboratory auto-
mation (TLA) solutions for clinical microbiology laboratories, 
and if you reach out to them, they will both be happy to tell you 
how much money you will save if you purchase their automation 
system (based on your volumes and workflow). By “total” labora-
tory automation, what we are talking about is automating aerobic 
(not anaerobic) bacterial cultures from liquid specimens. This 
does not include anaerobic, fungal, or mycobacterial cultures, so 
it is not quite “total” automation. Culbreath et al. have published 
a nice comparison of what happened in four clinical microbiology 
laboratories before and after automation implementation [17]. In 
general, there were labor savings per specimen processed, which 
came in the form of processing more specimens with similar num-
bers of technologists. However, the calculations for cost savings 
in this study do not appear to account for the cost of the system, 
either capital expenditure up front or the ongoing cost of service, 
which can be substantial. Of interest, an additional finding was 
improved turnaround time for final result reporting following 
TLA implementation.

Cherkaoui et al. published an excellent study on utilizing a TLA 
system (Copan WASPLab) with the Colibri and Radian systems for 
setting up disk diffusion AST and Radian Expert System software 
to automate reading AST with comparison to an automated anti-
microbial susceptibility testing system (VITEK 2) [45]. Categori-
cal agreement between the two systems was accepted as the true 
result, while discordant isolates were evaluated by Sensititre broth 
microdilution or Etest gradient diffusion. Following resolution of 
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discrepancies, it was clear that the automated disk diffusion sys-
tem performed quite well—even better than VITEK 2: among 
718 isolates, the WASPLab/Radian disk system had only 2 very 
major errors (VME) and 18 major errors (ME) versus the VITEK 
2, which had 45 VME and 9 ME. Overall categorical agreement 
was 98.6 to 99.4% for the various groups of organisms. Most of 
the VME for VITEK 2 were among Gram-negative bacilli, and 
some were Pseudomonas isolates with heteroresistant subpopula-
tions, the kind of thing you might catch with disks better than with 
a black box broth system [18]. 

Mycobacteriology

Diagnosis of Mycobacterium tuberculosis in children is notoriously 
difficult. Kabir et al. studied the use of both standard Xpert MTB/
Rif and the Xpert Ultra PCR assays compared to culture for both 
induced sputum and stool in children in Bangladesh [19]. There 
were 447 patients with paired sputum and stool specimens. For 
induced sputum, only 9/447 were culture positive, 12/447 were 
Xpert positive, and 28/447 were Xpert Ultra positive. For stool, 
2/447 were culture positive, 11/447 were Xpert positive, and, 
amazingly, 60/447 were Xpert Ultra positive. Of the 28 positive 
sputum samples and 60 positive stool samples by Xpert Ultra, 
11 and 48, respectively, were positive as “trace call,” or low-level 
detection. The Ultra assay has established a lower limit of detec-
tion and improved sensitivity for respiratory specimens, but the 
dramatically higher rate of detection in this study was still surpris-
ing. One limitation to this study is that there was minimal evalu-
ation to help determine if these were true positives or potentially 
false positive due to cross-reactivity with other DNA. Of note, 
the physicians involved with the study elected to treat the major-
ity of the children who were positive at only the trace call level. 
It is unclear what to make of the additional detections in stool, 
but this study does highlight that it is ultra-frustrating that this 
M. tuberculosis assay with superior sensitivity is not available in the 
U.S. and is not expected to be anytime soon.

Rapidly growing mycobacterial species are increasingly a cause of 
skin, soft tissue, and respiratory infections, particularly Mycobac-
terium abscessus complex organisms. Macrolides are an important 
therapeutic option for M. abscessus, which may harbor inducible 
macrolide resistance through the erm(41) gene or constitutive 
resistance due to mutations in the peptidyltransferase domain of 
the 23S rrl gene. This can be variable, as in M. abscessus subsp. 
abscessus, with most having inducible resistance via functional 
erm(41) but with a significant minority that are susceptible. In 
contrast, M. abscessus subsp. massiliense is typically susceptible due 
to a truncated erm(41) gene, and M. abscessus subsp. bolletii typi-
cally has inducible resistance with a functional erm(41) gene [20]. 
Complicating matters, laboratory methods such as MALDI-TOF 
MS cannot differentiate M. abscessus complex subspecies, thus 
requiring sequencing-based identification and extended (14-day) 
AST to detect inducible resistance in M. abscessus subsp. abscessus. 
However, Marras et al. have demonstrated excellent performance 
for a 2-reaction probe-based PCR assay both to determine the 
subspecies of M. abscessus complex and to detect 23S rrl muta-
tions and erm(41) truncation (M. abscessus subsp. bolletti) or point 

mutations (T28C) [21]. The assay performed well compared to 
whole-genome sequencing-based identification of the subspecies 
and modified genetic targets associated with resistance (100% 
correlation), although phenotypic susceptibility testing was per-
formed in only a few isolates. Still, it is an interesting assay and a 
nice primer on molecular laboratory-developed test design.

Interferon-gamma release assays

Interferon-gamma release assays (IGRAs) test for memory T-cell 
responses to pathogen-specific antigens and can be used to deter-
mine whether a patient has a latent tuberculosis (TB) infection 
or to enumerate T-cell responses to cytomegalovirus, for exam-
ple. Ward et al. noticed an increase in the rate of indeterminate 
QuantiFERON Gold Plus (a TB IGRA) results during the first 
few months of the COVID-19 pandemic in 2020 due to a poor 
response to lymphocyte activating mitogen in the assay control 
tube [22], which was associated with COVID-19 status in hospi-
talized patients. This was observed in our hospital, as well [23]. 
Ward et al. further evaluated cytokine responses in the blood of 
severely ill COVID-19 patients and found that 60% were unable 
to produce interferon gamma in response to phytohemagglutinin, 
even those with normal leukocyte counts. Reduced interferon 
gamma and increased interleukin 6 production suggest a TH2-
skewed immune response in these patients. All right; COVID-19 
will not be mentioned again.

You may have gotten a call at the laboratory before from a physi-
cian questioning a low-positive TB IGRA result that did not make 
sense based on the patient’s clinical picture or exposure history. 
Wikell et al. reviewed results for Quantiferon Gold Plus TB IGRA 
testing on 58,539 patients in Sweden and evaluated the likelihood 
that patients with low-positive results would test negative on repeat 
testing versus how many such patients would go on to develop 
active TB infection during a 2-year follow-up period [24]. Among 
patients with borderline results (TB-nil of 0.20 to 0.99 IU/ml; the 
manufacturer cutoff for positive is 0.35 IU/ml) who had follow-up 
within a median of 36 days after the initial test, 480 of 1,254 were 
negative on the repeat testing, and none of the patients with repeat 
negative results developed active infection during the follow-up 
period. Two patients with borderline negative (0.2 to 0.34) and 2 
patients with borderline positive (0.35 to 0.99) were positive (≥1.0) 
on repeat testing and subsequently developed active TB infec-
tion. The authors also performed an extensive evaluation of the 
contribution of the TB2 tube (new for the Plus assay), which can 
be summarized by saying it contributed very little to identifying 
latent tuberculosis infection (LTBI) cases.

Resistance Detection by Genotypic Methods

Marrero Rolon et al. published a study of the analytical and clini-
cal performance of a PCR-based assay to detect Helicobacter pylori 
and predict resistance to clarithromycin [25]. Among 524 stool 
specimens, with comparison to an H. pylori stool antigen test, the 
PCR assay was 89% sensitive and 97% specific. Of the 113 PCR-
positive specimens, 77 had a wild-type prediction (68%) and 36 
(32%) had at least one single nucleotide polymorphism in the  
H. pylori 23S rRNA gene that would predict clarithromycin 
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resistance. Treatment with clarithromycin-based regimens had a 
lower success rate in patients for whom resistance was predicted 
(41%) than in patients for whom resistance was not predicted 
(70%). The study was performed at the Mayo Clinic, and the test 
is available through their reference laboratory. Another interesting 
study provided susceptibility data for 345 H. pylori isolates from 
treatment-naïve patients enrolled in a clinical trial evaluating an 
alternative therapy regimen. The 345 culture-positive isolates 
were collected from 51 medical centers in 20 states and yielded 
the following resistance rates: amoxicillin, 6.4%; clarithromycin, 
17.4%; metronidazole, 43.6%; rifabutin, 0.0%. In a smaller subset 
of isolates (71), 2.8% of the isolates were resistant to tetracycline, 
and 57.8% were resistant to levofloxacin [26].

Neisseria gonorrhoeae is increasingly resistant to recommended 
antibiotics, and diagnostic testing typically utilizes molecular 
methods rather than culture. Thus, isolate-specific antimicrobial 
susceptibility testing is seldom obtained. The Centers for Disease 
Control and Prevention (CDC) now recommends ceftriaxone 
with or without azithromycin, abandoning the previously recom-
mended ciprofloxacin due to increased resistance. Klausner et al. 
developed a molecular assay that can reliably predict ciprofloxacin 
susceptibility by targeting a single point mutation in N. gonorrhoeae 
gyrA that is responsible for >95% of ciprofloxacin resistance in the 
organism [27]. Among 211 enrolled subjects for whom remnant 
specimens were available, 106 subjects had culture-positive infec-
tions (some with multiple sites of infection) that tested positive 
for wild-type gyrA serine 91 and were subsequently treated with 
ciprofloxacin and tested for microbiologic cure 5 to 10 days later. 
Among the patients who followed the study protocol, 100% dem-
onstrated microbiologic cure. Surely this will find its way to our 
laboratories sometime in the coming years. What a great clinical 
study, following up on years of prior work by this group showing 
that this testing approach was feasible.

Direct from Bottle Blood AST

2021 was a big year for direct disk diffusion (dDD) from positive 
blood culture to acquire phenotypic antimicrobial susceptibil-
ity results faster than by traditional methods. The Clinical and 
Laboratory Standards Institute (CLSI) added interpretive crite-
ria and methods for Enterobacterales dDD to the 31st edition of 
M100 (expanded to earlier reading times and Pseudomonas in the 
32nd edition). Savage et al. performed an evaluation of dDD for a 
large number of Gram-positive and Gram-negative blood culture 
isolates and also a detailed analysis of the impact of earlier dDD 
results compared to traditional AST for impact on antibiotic uti-
lization in the form of antibiotic spectrum index (ASI) as a mea-
sure of broad- versus narrow-spectrum therapy [28]. They found 
excellent categorical agreement between dDD and standard AST 
(VITEK 2), except for clindamycin for Staphylococcus spp., and only 
31/5,454 (0.6%) VME (19 of which were for clindamycin). They 
utilized a much broader array of antimicrobials than are included 
in the M100 method and read results at 18 to 24 h. In response 
to reporting the Gram stain result, 30% of patients (n = 396) had 
antibiotics broadened (increased ASI), and 21% had decreased 
ASI. dDD was reported on average at 24 h after the Gram stain, 

and in response to dDD, 29% of patients had decreased ASI and 
7% had increased ASI. Finally, standard AST was available at 45 h 
from Gram stain, and at that time, 25% of patients had decreased 
ASI and only 5% had increased ASI. This is a great study and an 
innovative graphical approach to visualizing the changes in anti-
microbial utilization in response to laboratory results. 

Flow cytometry technology has long been an important laboratory 
diagnostic tool in areas other than microbiology. Silva-Dias et al. 
described the performance of a flow cytometric approach to rapid 
susceptibility determination utilizing flow to measure the response 
of bacterial cells to a 1-h exposure to various antibiotics. Compared 
to disk diffusion, using CLSI criteria, they reported 96.4% (Gram 
negative) and 98.6% (Gram positive) categorical agreement, with 
<1% VME for each [29]. The assay uses a fluorescent probe during 
antimicrobial exposure to flag bacterial viability and permissivity 
to fluorescent-molecule uptake to correlate with susceptibility or 
resistance. It is a very promising approach.

Two studies published in 2021 sought to determine the impact of 
the Accelerate Pheno system for rapid identification and suscep-
tibility testing on antibiotic utilization and clinical outcomes in 
patients with Gram-negative bacteremia. Both were large studies 
(~500 patients in each), one a randomized trial [30] and the other 
pre-post intervention [31]. Both studies present compelling evi-
dence that this type of assay dramatically improves the time to 
susceptibility result reporting and leads to earlier changes in anti-
microbial therapy, with both narrowing of spectrum and broaden-
ing interventions. That’s a clear win for antimicrobial stewardship 
efforts, helping to reduce utilization of broad-spectrum agents 
and preserve critical antibiotics for cases where they are really 
needed. Unfortunately, both studies also make it very clear that 
there is no evidence of benefit to patients whose isolates the test 
is performed on. There is not even any room to think that larger 
studies or meta-analysis of many such studies may show such a 
benefit—there is no trend toward improved mortality or length 
of stay, etc. A reasonable compromise may be to take the approach 
described earlier [28] and use direct disk diffusion; not quite as fast 
but approximately 100 times less expensive.

Susceptibility Testing Updates

Vallabhaneni and colleagues in public health laboratories from 
New York State and Texas, along with the CDC, evaluated using 
the AST profile of Pseudomonas aeruginosa to predict the presence 
of carbapenemase-producing isolates [46]. Of 6,192 carbape-
nem-resistant P. aeruginosa (CRPA) isolates from Antimicrobial 
Resistance network laboratories, only 3% (195) were positive for 
common carbapenemases (encoded by blaKPC, blaIMP, blaNDM, bla-
OXA-48, and blaVIM). In a smaller subset of 965 isolates, only 7 were 
positive for carbapenemases (carbapenemase-producing CRPA, or 
CP-CRPA), but the number of isolates needed to test to find one 
CP-CRPA could be reduced to 64 if only cefepime- or ceftazi-
dime-resistant CRPA isolates were tested and further reduced 
to 7 if only ceftolozane-tazobactam (C-T)-resistant isolates were 
tested. This is unlike cefepime/ceftazidime C-T resistance, which 
was 100% sensitive for CP-CRPA. Previously in our laboratory, 
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we tested only carbapenem I or R Enterobacterales for the presence 
of blaKPC, blaIMP, blaNDM, blaOXA-48, and blaVIM. However, this paper 
was practice changing for us, and our laboratory now also screens 
C-T-resistant P. aeruginosa isolates to find CP-CRPA. 

How are you performing AST for Stenotrophomonas? This might 
hurt a little bit. Two studies published in 2021 looked at the per-
formance of commercial automated AST systems [32] or disk dif-
fusion [33] compared to reference broth microdilution for a panel 
of 109 clinical isolates from bloodstream infections (BSIs). VITEK 
2 had <90% categorical agreement (CA) for all drugs tested. In 
addition, MicroScan and Phoenix performed relatively well for 
trimethoprim-sulfamethoxazole (TMP-SMX) and minocycline 
overall (CA for each, >98%); however, each system had 2/9 VME 
for TMP-SMX. MicroScan and Phoenix also performed poorly for 
levofloxacin and ceftazidime (CA between 69 and 82%). Based on 
these data, we should switch to disk diffusion, right? Maybe not. 
Disk diffusion also performed poorly for ceftazidime, with a 6% 
VME rate, a 13% ME rate, and only 76% CA. However, disk dif-
fusion did perform relatively well for some key Stenotrophomonas 
drugs, with 95% CA for minocycline and 93% for TMP-SMX, but 
lower for levofloxacin at 89%, with no VME for these antibiotics. 
Gradient diffusion performed similarly to disk diffusion [34]. This 
was also practice changing for our laboratory; we dropped ceftazi-
dime altogether and are considering switching Stenotrophomonas 
maltophilia AST from Phoenix to disk diffusion.

Metallo-β-lactamase (MBL) enzymes are not active against 
aztreonam, although MBL-harboring organisms often have 
other β-lactamases that hydrolyze aztreonam. However, these 
β-lactamases are often inhibited by avibactam. Although aztre-
onam-avibactam is not yet available clinically (it is in phase III 
trial) or for laboratory testing materials, several small studies have 
shown utility of using a combination of aztreonam and ceftazidime-
avibactam. So, how do you test if this combination allows activity 
of the aztreonam? Well, you can arrange to send the isolate to an 
Antibiotic Resistance network laboratory for broth dilution test-
ing and receive a combination MIC result [35]. Another study 
evaluated a variety of simple methods that could be employed 
in most hospital laboratories: disk elution, disk stacking, gradi-
ent diffusion strip stacking, and gradient diffusion strip crossing 
(including different brands of gradient diffusion strips) [36]. The 
number of isolates tested was low: only 8 with synergy determined 
by altered broth microdilution fractional inhibitory concentration 
and 9 additional isolates, a mix of Enterobacterales and P. aeruginosa 
with and without MBLs. In this well-defined set of isolates, with 
three replicates for each counted as unique measures, disk stack-
ing performed poorly, but disk elution was perfect (noting the low 
n) at 100% sensitivity and specificity. Gradient diffusion methods 
performed relatively well, too, with strip crossing preferable to 
strip stacking, and MTS (Liofilchem, Italy) strips modestly out-
performing E-test strips.

Ceftolozane-tazobactam Resistant Pseudomonas 
aeruginosa

Rubio et al. carried out an interesting in-depth analysis of  
P. aeruginosa isolates from 14 patients that developed resistance to 

C-T while on therapy, including before and after AST for several 
β-lactams, as well as sequencing each isolate to find mutations that 
might have contributed to the developed resistance [37]. Most 
isolates had mutations in ampC or ampR/ampD, and this was cor-
related with decreased activity of ceftazidime-avibactam; however, 
activity of imipenem-relebactam was maintained, and imipenem 
activity generally increased. Some isolates had markedly improved 
activity of piperacillin-tazobactam. 

Similarly, Simner et al. studied 16 P. aeruginosa isolate pairs from 
before and after C-T treatment, 10 of which developed resistance 
to the agent, for activity of cefiderocol, as well as ceftazidime-
avibactam and imipenem-relebactam [47]. In only 4 of the 16 iso-
lates did they find increased MICs for cefiderocol (3/4 were still in 
the susceptible range), and 2/4 had the same E247K mutation in 
ampC (including the non-susceptible isolate). In both isolates with 
the E247K mutation, C-T and ceftazidime-avibactam MICs were 
dramatically increased but imipenem-relebactam MICs decreased 
by three doubling dilutions.

Fournier et al. evaluated 42 unique P. aeruginosa isolates with resis-
tance to C-T to determine potential contributing factors in the 
form of chromosomally encoded or transferable β-lactamases [38]. 
They were segregated into groups in which carbapenemases were 
detected, of which IMP, VIM, GES, OXA, and PER-1 enzymes 
were common, and a second group in which neither carbapen-
emase nor extended-spectrum beta-lactamase (ESBL) enzymes 
were detected. The latter group is particularly interesting because 
it demonstrated massively increased production of Pseudomonas-
derived cephalosporinase and many isolates with ampR/ampD or 
penicillin-binding protein mutations.

Screening Assays and Antibiotic Utilization

PCR-based methicillin-resistant Staphylococcus aureus (MRSA) 
screening and active antimicrobial stewardship for patients with 
vancomycin ordered due to suspected pneumonia lead to cost sav-
ings outside of the microbiology laboratory and can spare some 
patient’s kidneys from unnecessary vancomycin. Meng et al. per-
formed a pre-post intervention study of total institutional costs 
associated with nares swab MRSA testing by PCR used to intervene 
in patients with vancomycin ordered during episodes of suspected 
pneumonia, including consideration of the costs of labor time for 
technologists and pharmacists, pharmacy expense for vancomycin, 
and laboratory reagent costs for both MRSA PCR and vancomy-
cin level testing [39]. They estimated savings of about $40 patient, 
which is nice enough on its own, but the bigger issue is sparing the 
patients unnecessary exposure to vancomycin and reduced risk of 
selective pressure on potential vancomycin-resistant organisms.

Levofloxacin prophylaxis is recommended for neutropenic patients 
on chemotherapy to prevent Gram-negative bacteremia. Satlin et 
al. screened 234 such patients for gastrointestinal tract coloniza-
tion with fluoroquinolone resistant Enterobacterales (FQRE) and 
found 54 patients with FQRE, primarily Escherichia coli (91%); of 
the 54 isolates, 29% also had ESBLs [40]. They screened stool 
specimens with MacConkey agar supplemented with ciprofloxa-
cin, followed by identification and routine AST. The results were 
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striking. Of the 54 patients colonized with FQRE on arrival, 17 
(31%) developed BSIs with FQRE, and for 15/17, the BSI-causing 
strain was identical to the colonizing strain, whereas only 2/180 
patients without FQRE colonization on admission went on to 
develop FQRE bacteremia on therapy. 

Other Studies 

Recently, while evaluating some of our culture protocols and com-
paring them to procedures from several other academic hospital 
laboratories, we noted how much variability of practice there is, 
even for things as common as urine cultures. Prinzi et al. surveyed 
hospital laboratories that serve pediatric patients for tracheal aspi-
rate (TA) culture practices, including specimen screening by Gram 
stain; degree of culture workup; which, if any, organisms were 
ruled out; and when AST was performed [41]. Seventy-three labo-
ratories responded, and the common theme of the survey results 
was that there was no common theme to the laboratory practices. 
Forty-four percent of the laboratories had rejection criteria for 
TA samples based on time from collection and 23% based on 
Gram stain, and among these, there was not much agreement on 
rejection criteria (different times or different Gram stain results). 
How many laboratories always reported P. aeruginosa regardless of 
quantity? Forty-three percent. How many fully identified S. aureus 
if pure or predominant? Fifty-four percent. For most measures 
evaluated, the percentages of laboratories affirming the practice 
were >10% and <90%—very little consensus. Obviously, we need 
more evidence to guide practice in this area.

Why is Burkholderia pseudomallei on the select agent list? Gassiep et 
al. performed a thorough evaluation of 30 technologists exposed to 
B. pseudomallei during routine diagnostic work outside of biosafety 
cabinets (BSCs) on 1,267 occasions and found that none of them 
developed infections or became seropositive for antibodies to B. 
pseudomallei [42]. Furthermore, environmental air sampling did not 
detect aerosolization of B. pseudomallei during routine laboratory 
procedures. We recently had a patient with cultures positive for B. 
pseudomallei [43], and three technologists were exposed outside of a 
BSC; one of the technologists ended up in the hospital because of 
it, not for B. pseudomallei infection, but rather, an allergic reaction 
to prophylactic TMP-SMX (none had infections or seroconver-
ted). And then, of course, we followed the select agent rules and 
did a lot of paperwork. If bad actors really want to acquire B. pseu-
domallei, it would not be that hard; it is readily accessible in nature 
in certain parts of the world, and it really is not the best organism 
choice for bioterrorism, either. Coccidioides was knocked off the 
select agent list in 2012. Let’s take another one down.

Choi et al. demonstrated that utilization of a multiplex test for 
meningitis/encephalitis (the Biofire FilmArray ME panel) led to 
significantly reduced antimicrobial utilization and time to targeted 
therapy [44]. Additionally, there was a trend (P = 0.03) toward 
reduced length of stay, although the pre-post intervention study 
design and lower number of patients (69) in the post-intervention 
period were probably not powered to evaluate patient outcomes.

Summary

A big thank you is due to the authors of these highlighted studies 
for completing this important body of work that will enhance our 
knowledge base, affect our laboratory practices, and ultimately 
help us better serve patients in 2022 and beyond.
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