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Abstract. — OBJECTIVE: This study aims
to evaluate the value of microbial rapid on-
site evaluation (M-ROSE) of sepsis, and septic
shock caused by pulmonary infection.

PATIENTS AND METHODS: Thirty-six patients
with sepsis and septic shock due to hospital-ac-
quired pneumonia were analyzed. Accuracy and
time were compared with M-ROSE, traditional cul-
ture, and next-generation sequencing (NGS).

RESULTS: A total of 48 strains of bacteria and
8 strains of fungi were detected by bronchoscopy
in 36 patients. The accuracy rate of bacteria and
fungi was 95.8% and 100%, respectively. M-ROSE
took an average of 0.34x+0.01 hours, much faster
than NGS (22h+0.01 h, p<0.0001) and traditional
culture time (67.50+0.91 h, p<0.0001).

CONCLUSIONS: M-ROSE may quickly iden-
tify common bacteria and fungi, so it may be a
useful method for the etiological diagnosis of
sepsis and septic shock caused by pulmonary
infection.
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Pathogenic microorganism, Rapid on-site evalua-
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Introduction

Sepsis and septic shock are major healthcare
problems, affecting millions of people worldwide
each year, and it may lead to fatalities in as many as
one in four cases, or even more *. Searching for in-
fection focus and targeted anti-infection strategy is
the key to curing sepsis patients. Sepsis guidelines*?
indicate that early antibiotics therapy is necessary,
and that specimen culture is completed before anti-
biotics therapy. According to the sepsis guideline®°,
initial anti-infection therapy is appropriate for em-
piric antibiotics. Failure to initiate appropriate em-

piric therapy in sepsis and septic shock patients is
associated with a substantial increase in morbidity
and mortality'""*. However, it has been shown'* that
treatment by empiric antibiotics is often unreliable,
particularly in sepsis and septic shock caused by
pulmonary infection. The lag in the detection of
traditional pathogenic microorganisms reduces the
reference significance. Currently, the next-genera-
tion sequencing (NGS) that is popular in China and
abroad takes 16-24 hours to get the results. Rapid
polymerase chain reaction (PCR) detection has be-
come a hotspot of current research. But NGS and
PCR still cannot meet the conditions of antibiot-
ics application within 1 hour in the sepsis guide-
lines**. Using microbial rapid on-site evaluation
(M-ROSE) to guide the clinical antibiotics therapy
may be a useful choice to meet the guidelines.

By treating specimens with Diff staining,
trained microbiologists can identify common bac-
teria and fungi in 10 minutes'*'®. In consultation
with a microbiologist, the clinician can recom-
mend the best anti-infection strategy within the
recommended period. According to the results of
Diff staining and discussion, the use of antibiotics
is of great significance for sepsis and septic shock
patients caused by pulmonary infection.

Patients and Methods

Study Design and Subjects

We investigated 36 sepsis or septic shock pa-
tients caused by pulmonary infection treated in
the China Aerospace Science & Industry Corpo-
ration 731 Hospital between November 2021 and
June 2022. Hospital-acquired pneumonia (HAP),
sepsis, and septic shock are diagnosed based on
international guidelines*'®. Inclusion criteria
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Table I. The basic information characteristics of sepsis and septic shock patients.

Male Age Specimen Number Agreement Number Agreement
pass ratel of cultured rage of M-ROSE of culture rage of M-ROSE
bacteria with bacterial fungi with bacterial
culture fungi
21 66.3£10.6 100% 48 95.80% 8 100%
1 squamous epithelium <5% and ciliated columnar epithelial cells <5%.
were age >18 years. According to the guidelines, Results

HAP is defined as pneumonia not incubating at
the time of hospital admission and occurring 48
hours or more after admission, new lung infil-
trates and clinical evidence that the infiltrate is
of an infectious origin, which includes the new
onset of fever, purulent sputum, leukocytosis,
and decline in oxygenation. Sepsis is defined as
life-threatening organ dysfunction (SOFA score
>2 points) caused by a dysregulated host response
to infection. Septic shock is defined as a clinical
construct of sepsis with persisting hypotension
requiring vasopressors to maintain mean arterial
pressure (MAP) >65 mm Hg and having a serum
lactate level >2 mmol/L despite adequate volume
resuscitation. Exclusion criteria: those who don’t
sign the informed consent form and don’t agree to
share information, those who refuse bronchosco-
py examination, and those who refuse NGS test-
ing. The basic information characteristics of sep-
sis and septic shock patients are listed in Table L.

Microbiological Analyses

Sputum samples were obtained by a skilled
respiratory physician during the patient’s hos-
pitalization. The specimens were divided into
three equal parts used for ROSE, traditional cul-
ture, and NGS respectively. Sputum specimens
were tested by cytology rapid on-site evaluation
(C-ROSE) and M-ROSE. Specimens were pre-
pared for 1 minute (at least 3 smears), dried by
natural air for 2 minutes, and about 90 seconds
for Diff staining (20-30 s with solution A, 20-30 s
with solution B).

Statistical Analysis

SPSS 26.0 software (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. Nor-
mality test was performed, and measurement data
that conformed to the normal distribution were
expressed as mean+standard deviation (SD) and
analyzed using ¢-tests. p<0.05 was considered sta-
tistically significant.

The number of cells in the specimens was
observed by C-ROSE. The qualified specimens
were squamous epithelium <5% and ciliated co-
lumnar epithelial cells <5% at low magnification.
The qualified rate of all 48 specimens was 100%
(Table I).

Among the 36 samples, a total of 56 stains
were cultured, and the NGS detected the cor-
responding strain sequences in all the cultured
stains. Among 56 strains of dominant pathog-
eny microbiology, the accuracy of M-ROSE in
predicting dominant bacteria was 95.8%, and
that of fungi was 100%. Comparing the detec-
tion time for M-ROSE with that of NGS and
traditional microbial culture, it was found that
the detection time of M-ROSE had obvious ad-
vantages. The application time of M-ROSE was
0.35+0.01 h, 60 times faster than that of NGS
(2240.01 h, p<0.0001), and 200 times faster than
that of traditional microbial culture (67.80+0.91
h, p<0.0001) (Figure 1).

100-
80+
5
3 60-
<
g 40-
20+
0 T L] L]
)
2 &2 <5
O g B
< S
different method

Figure 1. Comparison of the time taken by different methods.
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Discussion

It is accurate and reliable to use C-ROSE to
judge whether the specimen is qualified or not.
The number of neutrophils, lymphocytes, eo-
sinophils, and other cells in the specimen can
be determined, which is particularly important
as it assesses whether sepsis or septic shock
is caused by pulmonary infection'>*, Squa-
mous epithelium and ciliated columnar epithe-
lial cells are the gold criteria for determining
whether the specimen originated from the up-
per respiratory tract?'.

As early as 1982, T Tomita found that the
movement of bacteria can promote the phagocy-
tosis of neutrophils®2. Recently, Liew et al* elabo-

Figure 3. Acinetobacter baumannii, Neutrophil
phagocytic bacteria (x1,000).

rated the movement of bacteria and phagocytosis
of bacteria.

Specimen smear can find neutrophils or mac-
rophages phagocytic bacteria phenomenon if a
certain proportion (>5%, almost no phagocytic
cells phagocytic microorganisms in the normal
specimen), it indicates that pathogenic micro-
organisms may be involved in infection. On the
contrary, if no pathogenic microorganisms such
as bacteria and fungi are found in the specimen,
and no inflammatory cells such as neutrophils are
found, the possibility of non-infection is consid-
ered to be high. In our study, many neutrophilic
phagocytic bacteria were found, and the phago-
cytic bacteria were clinically confirmed to be
pathogenic bacteria (Figure 2-5).

Figure 2. Stenotrophomonas maltophilia, Neutro-
phil phagocytic bacteria (x1,000).
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Figure 4. Pseudomonas aeruginosa (x1,000).

Figure 5. Klebsiella pneumoniae (x1,000). o

Therefore, the C-ROSE can also rapidly assess
if a specimen is qualified and the likelihood of in-
fectious vs. noninfectious causes of acute illness'.

The ability to accurately diagnose sepsis ear-
ly in its course would allow physicians to appro-
priately shape antimicrobial regimens, thereby
maximizing therapeutic effect and decreasing
morbidity and the risk of propagating drug-re-
sistant organisms. Gram staining takes more
time to get results than ROSE, which takes about
40 minutes. Previous studies* have shown that
Gram staining can identify common bacteria
and fungi well, and its specificity can reach more
than 90%. In our study, experienced microbi-
ologists could identify common bacteria with

95.8% accuracy. The application of M-ROSE
can quickly and accurately identify fungi be-
cause their characteristics are more evident®.
In this study, experienced microbiologists could
identify fungi with 100% accuracy. Compared
with Gram staining, Diff staining takes less time
and can quickly read cell morphology, so it can
quickly judge whether the specimen is qualified
or not, and also identify common bacteria, fun-
gi, and so on. In our study, we could complete
the C-ROSE and M-ROSE in 0.34 h, it met the
conditions of antibiotics application within 1
hour considering the sepsis guidelines*>!*>. The
maximum effect of rapid evaluation must be a
combination of C-ROSE and M-ROSE.
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In addition to a variety of rare bacteria, clini-
cians will gradually improve their identification
ability and expand the range of identification af-
ter the increase of clinical reading specimens®.
We can also dynamically evaluate the number of
bacteria in each high field. If the number of bac-
teria in each high field decreases, it indicates that
anti-infection treatment is effective; otherwise,
it indicates that it is ineffective. Therefore, the
M-ROSE is particularly important for the timely
adjustment of anti-infection strategies during the
treatment of sepsis, and septic shock caused by
pulmonary infection.

M-ROSE can quickly know whether patho-
genic bacteria exist in the specimen, which is
particularly for differentiating infectious and
non-infectious diseases?*”*8. To determine sep-
sis caused by infectious diseases, M-ROSE can
also quickly determine the approximate number
of pathogenic bacteria and preliminarily deter-
mine their genus, which has important reference
significance for the timely selection of effective
antibiotics?*®. At the same time, M-ROSE may
be based on the neutrophil number, and whether
the neutrophil phagocytic pathogen, judges the
pathogen as pathogenic bacteria’’?'. Dynamic
observation of infected specimens in the same
part of the same patient and comparison of the
number and changes of cells and bacteria can
be used to evaluate the effect of anti-infection
therapy. If M-ROSE can be combined with other
rapid diagnostic techniques, such as Polymerase
Chain Reaction (PCR), gene probe, mass spec-
trometry, flow cytometry, and NGS, it can fur-
ther improve the sensitivity and specificity of
rapid evaluation of pathogens.

Conclusions

This study shows M-ROSE may quickly iden-
tify common bacteria and fungi. Although this
study has some limitations, it also has good clin-
ical application prospects and can save the prob-
lem of empiric anti-infection therapy, especially
in patients with sepsis, severe sepsis, and septic
shock caused by pulmonary infection.

Funding

This work was supported by the Capital Health Develop-
ment Scientific Research Special Project (capital 2022-1-
5091) and Aerospace Medical (2022YK10).

Ethics Approval

The study was approved by the Institutional Review Board
(Research Review Committee and Ethical Review Com-
mittee) of the Ethics Committee of China Aerospace Sci-
ence & Industry Corporation 731 Hospital; the ethics code
is 2022-0302-01.

Informed Consent
All patients signed informed consent before the procedure.

Conflicts of Interest
The authors have no conflicts of interest to declare.

Authors’ Contributions
G-X. M, and L-X. X designed the study. L-C. S., X-L. W., and
F. W. did the literature search. Q-Y. Y., K-F. W.,, and Y. T. col-
lected the data. P. Y. and Q-X. H. analyzed and interpreted the
data and wrote the manuscript.

Acknowledgments
We thank the Microbiology Department for the pictures of
bacteria and fungi.

Data Availability
Not applicable.

ORCID ID
Guoxin Mo: 0000-0002-2398-6189

References

1) Angus DC, Linde-Zwirble WT, Lidicker J, Cler-
mont G, Carcillo J, Pinsky MR. Epidemiology of
severe sepsis in the United States: analysis of in-
cidence, outcome, and associated costs of care.
Crit Care Med 2001; 29: 1303-1310.

2) Dellinger RP. Cardiovascular management of
septic shock. Crit Care Med 2003; 31: 946-955.
3) Martin GS, Mannino DM, Eaton S, Moss M. The
epidemiology of sepsis in the United States from
1979 through 2000. N Engl J Med 2003; 348:

1546-1554.

4) Rhodes A, Evans LE, Alhazzani W, Levy MM,
Antonelli M, Ferrer R, Kumar A, Sevransky JE,
Sprung CL, Nunnally ME, Rochwerg B, Ruben-
feld GD, Angus DC, Annane D, Beale RJ, Belling-
han GJ, Bernard GR, Chiche JD, Coopersmith C,
De Backer DP, French CJ, Fujishima S, Gerlach
H, Hidalgo JL, Hollenberg SM, Jones AE, Kar-
nad DR, Kleinpell RM, Koh Y, Lishoa TC, Macha-
do FR, Marini JJ, Marshall JC, Mazuski JE, MclIn-
tyre LA, McLean AS, Mehta S, Moreno RP, My-
burgh J, Navalesi P, Nishida O, Osborn TM, Per-



The value of microbiology rapid on-site evaluation of sepsis caused by pulmonary infection

ner A, Plunkett CM, Ranieri M, Schorr CA, Seck-
el MA, Seymour CW, Shieh L, Shukri KA, Simp-
son SQ, Singer M, Thompson BT, Townsend SR,
Van der Poll T, Vincent JL, Wiersinga WJ, Zim-
merman JL, Dellinger RP. Surviving Sepsis Cam-
paign: International Guidelines for Management
of Sepsis and Septic Shock: 2016. Intensive Care
Med 2017; 43: 304-377.

5) Levy MM, Evans LE, Rhodes A. The Surviving
Sepsis Campaign Bundle: 2018 update. Intensive
Care Med 2018; 44: 925-928.

6) Garnacho-Montero J, Garcia-Garmendia JL,
Barrero-Almodovar A, Jimenez-Jimenez FJ, Pe-
rez-Paredes C, Ortiz-Leyba C. Impact of ade-
quate empirical antibiotic therapy on the outcome
of patients admitted to the intensive care unit with
sepsis. Crit Care Med 2003; 31: 2742-2751.

7) Kumar A, Roberts D, Wood KE, Light B, Parril-
lo JE, Sharma S, Suppes R, Feinstein D, Zanotti
S, Taiberg L, Gurka D, Kumar A, Cheang M. Du-
ration of hypotension before initiation of effective
antimicrobial therapy is the critical determinant
of survival in human septic shock. Crit Care Med
2006; 34: 1589-1596.

8) MacArthur RD, Miller M, Albertson T, Panacek E,
Johnson D, Teoh L, Barchuk W. Adequacy of ear-
ly empiric antibiotic treatment and survival in se-
vere sepsis: experience from the MONARCS tri-
al. Clin Infect Dis 2004; 38: 284-288.

9) Ferrer R, Artigas A, Suarez D, Palencia E, Levy MM,
Arenzana A, Perez XL, Sirvent JM, Edusepsis Study
G. Effectiveness of treatments for severe sepsis: a
prospective, multicenter, observational study. Am J
Respir Crit Care Med 2009; 180: 861-866.

10) Kumar A. Systematic Bias in Meta-Analyses of
Time to Antimicrobial in Sepsis Studies. Crit Care
Med 2016; 44: e234-e235.

11) Barie PS, Hydo LJ, Shou J, Larone DH,
Eachempati SR. Influence of antibiotic therapy
on mortality of critical surgical illness caused or
complicated by infection. Surg Infect (Larchmt)
2005; 6: 41-54.

12) Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Par-
rillo JE, Dodek P, Wood G, Kumar A, Simon D, Pe-
ters C, Ahsan M, Chateau D, Cooperative Anti-
microbial Therapy of Septic Shock Database Re-
search G. Initiation of inappropriate antimicrobial
therapy results in a fivefold reduction of survival in
human septic shock. Chest 2009; 136: 1237-1248.

13) Paul M, Shani V, Muchtar E, Kariv G, Robenshtok
E, Leibovici L. Systematic review and meta-anal-
ysis of the efficacy of appropriate empiric antibiot-
ic therapy for sepsis. Antimicrob Agents Chemo-
ther 2010; 54: 4851-4863.

14) Taku Oshima 1, Yoshiyuki Kodama 1, Waka Taka-
hashi 1, Yosuke Hayashi 1, Shinya Iwase 1, Takeo Ku-
rita 1, Daiki Saito 1, Yoshihiro Yamaiji 1, Shigeto Oda.
Empiric Antibiotic Therapy for Severe Sepsis and
Septic Shock. Surg Infect (Larchmt) 2016; 17: 210-216.

15) Evans L, Rhodes A, Alhazzani W, Antonelli M,
Coopersmith CM, French C, Machado FR, Mcin-
tyre L, Ostermann M, Prescott HC, Schorr C,
Simpson S, Wiersinga WJ, Alshamsi F, Angus
DC, Arabi Y, Azevedo L, Beale R, Beilman G,
Belley-Cote E, Burry L, Cecconi M, Centofan-

ti J, Coz Yataco A, De Waele J, Dellinger RP, Doi
K, Du B, Estenssoro E, Ferrer R, Gomersall C,
Hodgson C, Hylander Moller M, Iwashyna T, Ja-
cob S, Kleinpell R, Klompas M, Koh Y, Kumar A,
Kwizera A, Lobo S, Masur H, McGloughlin S, Me-
hta S, Mehta Y, Mer M, Nunnally M, Oczkows-
ki S, Osborn T, Papathanassoglou E, Perner A,
Puskarich M, Roberts J, Schweickert W, Seck-
el M, Sevransky J, Sprung CL, Welte T, Zimmer-
man J, Levy M. Surviving Sepsis Campaign: In-
ternational Guidelines for Management of Sepsis
and Septic Shock 2021. Crit Care Med 2021; 49:
e€1063-e1143.

16) O’Keefe EJ, Burke WA, Steinbaugh JR. Diff-Quik
stain for Tzanck smears. J Am Acad Dermatol
1985; 13: 148-149.

17) Kellogg JA, Seiple JW, Klinedinst JL, Stroll E.
Diff-Quik stain as a simplified alternative to Papa-
nicolaou stain for determination of quality of en-
docervical specimens submitted for PCR detec-
tion of Chlamydia trachomatis. J Clin Microbiol
1996; 34: 2590-2592.

18) Zaitoun AM. Use of Romanowsky type (Diff-3)
stain for detecting Helicobacter pylori in smears
and tissue sections. J Clin Pathol 1992; 45: 448-
449.

19) Goncalves J, Pizzichini E, Pizzichini MM, Steidle
LJ, Rocha CC, Ferreira SC, Zimmermann CT. Re-
liability of a rapid hematology stain for sputum cy-
tology. J Bras Pneumol 2014; 40: 250-258.

20) Couetil LL, Thompson CA. Airway Diagnostics:
Bronchoalveolar Lavage, Tracheal Wash, and
Pleural Fluid. Vet Clin North Am Equine Pract
2020; 36: 87-103.

21) Kalil AC, Metersky ML, Klompas M, Musced-
ere J, Sweeney DA, Palmer LB, Napolitano LM,
O’Grady NP, Bartlett JG, Carratala J, El Solh AA,
Ewig S, Fey PD, File TM, Jr., Restrepo MI, Rob-
erts JA, Waterer GW, Cruse P, Knight SL, Brozek
JL. Management of Adults With Hospital-acquired
and Ventilator-associated Pneumonia: 2016 Clin-
ical Practice Guidelines by the Infectious Diseas-
es Society of America and the American Thorac-
ic Society. Clin Infect Dis 2016; 63: e61-e111.

22) Tomita T, Kanegasaki S. Enhanced phagocytic
response of macrophages to bacteria by physical
impact caused by bacterial motility or centrifuga-
tion. Infect Immun 1982; 38: 865-870.

23) Pei Xiong Liew, Paul Kubes. The Neutrophil’s
Role During Health and Disease. Physiol Rev
2019; 99: 1223-1248.

24) Fukuyama H, Yamashiro S, Kinjo K, Tamaki H,
Kishaba T. Validation of sputum Gram stain for
treatment of community-acquired pneumonia and
healthcare-associated pneumonia: a prospective
observational study. BMC Infect Dis 2014; 14:
534.

25) Youssef D, Shams W, Ganote CE, Al-Abbadi MA.
Negative image of blastomyces on diff-quik stain.
Acta Cytol 2011; 55: 377-381.

26) Tao Y, Song L, Fu H, Zhang W, Song Y, Liu H,
Xie L, Wang K. Application of microbiological
rapid on-site evaluation in respiratory intensive
care units: a retrospective study. Ann Transl Med
2022; 10: 7.



P. Yan, Q.-X. Hao, L.-C. Song, X.-L. Wang, F. Wang, et al

24) Ma W, Thiryayi SA, Holbrook M, Shelton D, Narine
N, Sweeney LC, Augustine T, Bailey S, Al-Najjar H,
Rana DN. Rapid on-site evaluation facilitated the
diagnosis of a rare case of Talaromyces marneffei
infection. Cytopathology 2018; 29: 497-499.

27) T Li, Y-T Huo, X-Q Zheng, M-S Fang, G-L Quan,
G Xiao, Y-X Cheng. Microbiology rapid on-site
evaluation: a better method for Mucoid Pseudo-
monas Aeruginosa diagnosis in bronchiectasic
patients. Eur Rev Med Pharmacol Sci 2022; 26:
1738-1742.

28) Yi Tao, Yu Cai, Han Fu, Licheng Song, Lixin Xie,
Kaifei Wang. Automated interpretation and anal-
ysis of bronchoalveolar lavage fluid. Int J Med In-
form 2022; 157: 104638.

29) Li T, Huo YT, Zheng XQ, Fang MS, Quan GL,
Xiao G, Cheng YX. Microbiology rapid on-site
evaluation: a better method for Mucoid Pseudo-
monas Aeruginosa diagnosis in bronchiectasic
patients. Eur Rev Med Pharmacol Sci 2022; 26:
1738-1742.

30) Chandan S, Mohan BP, Khan SR, Ofosu A, Dha-
liwal AS, Shah AR, Bhogal N, Mashiana HS,

Mashiana SS, Kassab LL, Ponnada S, Facciorus-
so A, Bhat |, Singh S, Witt BL, Adler DG. Compar-
ison of EUS-guided conventional smear and lig-
uid-based cytology in pancreatic lesions: A sys-
tematic review and meta-analysis. Endosc Int
Open 2020; 8: E1611-E1622.

31) Roy-Chowdhuri S, Dacic S, Ghofrani M, lllei PB,
Layfield LJ, Lee C, Michael CW, Miller RA, Mitch-
ell JW, Nikolic B, Nowak JA, Pastis NJ, Jr., Rauch
CA, Sharma A, Souter L, Billman BL, Thomas
NE, VanderLaan PA, Voss JS, Wahidi MM, Yar-
mus LB, Gilbert CR. Collection and Handling of
Thoracic Small Biopsy and Cytology Specimens
for Ancillary Studies: Guideline From the College
of American Pathologists in Collaboration With
the American College of Chest Physicians, As-
sociation for Molecular Pathology, American So-
ciety of Cytopathology, American Thoracic Soci-
ety, Pulmonary Pathology Society, Papanicolaou
Society of Cytopathology, Society of Interven-
tional Radiology, and Society of Thoracic Radiol-
ogy. Arch Pathol Lab Med 2020; doi: 10.5858/ar-
pa.2020-0119-CP.



