Next-Generation Sequencing and Sepsis

Subjects: Critical Care Medicine
Contributor: Felix C.F. Schmitt

Next-generation sequencing (NGS) is a novel procedure among molecular methods for pathogen diagnostics, and it is
able to analyse the overall DNA fragments in the sample.

Keywords: microbiome ; microbiota ; sepsis ; NGS ; next-generation sequencing ; ARDS

| 1. Introduction

In the 1970s, Sanger, Maxam, and Gilbert developed the technique of DNA sequencing. Since then, the process has been
further optimised. Today, next-generation sequencing (NGS) enables a higher capacity in sequencing, with faster results
and lower costs than the first molecular methods.

In 2010, a study established a catalogue of 3.3 million non-redundant human intestinal microbial genes L. NGS is a novel
procedure among molecular methods for pathogen diagnostics, and it is able to analyse the overall DNA fragments in the
sample. The procedure can also differentiate between human DNA, bacteria, eukaryotes, archaea, and chloroplasts. In
2013, Skvarc et al. investigated molecular methods for pathogen diagnostics using PCR. At that time, the conclusion was
that, despite certain limitations, molecular methods should be further investigated together with culture-based methods in
everyday clinical practice . Since the NGS method has broader applications than previous molecular methods, this
statement is more valid than ever. NGS was also able to determine which bacteria were present in the blood of critically ill
patients within 30 h. The results coincided with the results of blood cultures, and NGS also showed other microbiota that
were not detectable in blood cultures Bl. In comparison, conventional blood cultures take between 24 and 120 h from
collection to results . Cell-free DNA found in NGS may also result from the translocation of DNA by gut bacteria into the
blood. Therefore, NGS results from blood samples should be interpreted critically. Initial work on cell-free DNA sequencing
with optimised workflows and nanopore-based real-time sequencing, which further develops NGS, detected bacteraemia
within 6 h. It was also shown that this method achieved a detection rate of 90.6% in 239 retrospectively evaluated sepsis
samples by extrapolation. Furthermore, by using NGS, the study investigated a six-fold increased positive rate for
pathogen hits in the course of sepsis compared to blood cultures Bl In another study with septic patients, NGS results
would have resulted in a change in antibiotic therapy in 53% of cases [€l. Moreover, in pneumonia patients in an ICU, NGS
could detect microbiota in 84% of the patients, whereas culture-based methods could only detect microbiota in 65% of the
patients [, Otto et al. were able to show that there are three phases during sepsis and that these are probably related to
changing pathophysiological mechanisms. In the late phase of sepsis, there is an increase in positive blood cultures . In
combination with the previously presented results, showing that blood cultures only select some of the microbiota, NGS
methods could provide earlier and further insights into the pathophysiological mechanisms of sepsis and a possible organ
failure. However, it must be emphasised that NGS results must then be examined to determine whether the pathogens
found were viable or dead pathogen residues. For this purpose, the wet lab or bioinformatics must reconcile the results
critically.

| 2. Sepsis-Induced Acute Respiratory Distress Syndrome

A study published in 2016 found that 10.4% among all patients admitted to the ICU and 23.4% of all ICU-ventilated
patients suffered from an ARDS . The current mortality rate of ARDS remains high and is up to 43% 9, even though
there is still no consensus on what is meant by a healthy lung microbiome. Specific microorganisms are often found in
patients with healthy lungs . However, the detection of these microorganisms seems to be challenging in clinical
practice. Even in critically ill ARDS patients who required mechanical ventilation, almost 43% of bronchoalveolar lavage
cultures were negative, although NGS showed a positive result 12, A lower alpha diversity indicates poor lung health, and
the alpha diversity also decreases by the time of invasive ventilation 221314115 ventilated ARDS patients showed a
significantly lower alpha diversity and a higher dominance with only one bacterial species (>50%) when their BAL cultures
were also positive compared to BAL-negative patients 18, Kyo et al. demonstrated that ARDS patients had a decreased



alpha diversity of the lung microbiome with increased in-hospital mortality. Additionally, they demonstrated that ARDS had
abundant Betaproteobacteria, Staphylococcus, Streptococcus, and Enterobacteriaceae, which may play a pivotal role in
the pathophysiology of ARDS patients (121, Patients who had nursing-home and hospital-associated infection (NHAI)
pneumonia had significantly more reduced alpha diversity than non-NHAI pneumonia patients 4. Cigarette smoking
trauma patients are more likely to suffer from an ARDS. They have a different microbiome with a higher abundance of
Streptococcus, Fusobacterium, Prevotella, Haemophilus, and Treponema compared to non-smokers (18], Smoking
significantly alters the lung microbiome. In a mouse model, it was shown that mice exposed to smoke for 2 h each day for
90 days had increased levels of Staphylococcus, Acinetobacter, and Bacillus, all are considered pathogenic
microorganisms. . Finally, it is essential to distinguish whether a microorganism is responsible for a disease or just a
part of the colonisation. For example, in pneumonia patients who had a positive BAL culture for methicillin-resistant
Staphylococcus aureus (MRSA), it could be shown that this is often only colonisation without disease value 29, which
makes the interpretation of microbiome data in a clinical setting a lot more demanding.

In the pathogenesis of sepsis and ARDS, a gut-lung axis has often been described. In a murine model, typical
gastrointestinal bacteria were detected in a septic ARDS in the pulmonary tract, such as Bacteroidales order,
Enterococcus species, and Lachnospiraceae species 2. Whether this translocation is part of an unrecognised
bloodstream infection or is the result of ongoing gastric reflux followed by microaspirations remains unclear.

| 3. Perioperative Sepsis and Complications

Anastomotic insufficiencies with resulting peritonitis are a common reason for a severe sepsis and can lead to organ
failure. Changes in the microbiome composition seem to be associated with the incidence of these insufficiencies.
Patients who underwent bowel surgery and showed a reduced alpha diversity were more prone to higher infection rates
and anastomotic complications 22, Patients with colorectal anastomoses showed reduced alpha diversity and the
abundance of Lachnospiraceae and Bacteroidacae 231241, Furthermore, a microbial imbalance with a higher dominance of
several bacteria also increased the risk of anastomotic leakage. 231,

In 32 patients who underwent pancreatic surgery, three distinct microbiome enterotypes were found. One of the
enterotypes showed an increase in Enterobacteriaceae, Akkermansia, and Bacteroidales and a decrease in Bacteroides,
Prevotella, and Lachnospiraceae. Patients that have shown colonisation with this specific enterotype at least once during
their hospital stay suffered significantly more often from complications and had a significantly longer hospitalisation. (28],

A study conducted on liver transplant patients also demonstrated the advantage of NGS in diagnosing fungal infections.
The invasive fungal disease could be distinguished from colonisation by comparing NGS and culture-based results 27,
Furthermore, it was possible to distinguish a fungal infection from colonisation in critically ill sepsis patients using NGS,
thus demonstrating the usefulness of NGS to detect invasive fungal disease 28!,

| 4. Discussion

The idea that the lungs are sterile has existed for a long time, but today, we know that the lung microbiota exists for
various microorganisms. Many of them seem to be translocated from the oropharyngeal tract 2. The microbiome of the
lungs is shaped from birth. In the first years of life, the microbiome’s composition can already cause a predisposition to
later diseases such as asthma, lung infections, and allergies. In general, the lung microbiome of healthy people differs
from that of people with diseases. In addition, the lungs are exposed to the environment and can be influenced by
allergens, microorganisms, and pollutants. Furthermore, the gut microbiome can affect the balance of the lung
microbiome through the gut-lung axis by the immune system B9, Therefore, preserved alpha diversity appears to play a
key role in critically ill patients’ outcomes because an increased alpha diversity reflects a healthy microbiome 13, In
addition, with or without sepsis, critically ill patients seem to have a markedly altered microbiome compared to healthy
patients. It is also not uncommon that the microbiome in these patients consists of 50% and sometimes more than 75% of
only one bacterial genus B, which paves the way for problematic bacteria such as Pseudomonas aeruginosa. Given the
previous results, it seems that the lung microbiome is, to a certain extent, related to the oral microbiome. However, at the
same time, this relationship must be balanced to prevent serious infections. An increased presence in the lungs of
Haemophilus influenza, Moraxella catarrhalis, and Streptococcus pneumoniae, especially at a young age, leads more
frequently to asthma. These results are further evidence of an existing gut-lung axis and its interaction 2.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Qin, J.; Li, R.; Raes, J.; Arumugam, M.; Burgdorf, K.S.; Manichanh, C.; Nielsen, T.; Pons, N.; Levenez, F.; Yamada, T.;
et al. A human gut microbial gene catalogue established by metagenomic sequencing. Nature 2010, 464, 59-65.

. Skvarc, M.; Stubljar, D.; Rogina, P.; Kaasch, A.J. Non-culture-based methods to diagnose bloodstream infection: Does

it work? Eur. J. Microbiol. Immunol. 2013, 3, 97-104.

. Grumaz, S.; Stevens, P.; Grumaz, C.; Decker, S.O.; Weigand, M.A.; Hofer, S.; Brenner, T.; von Haeseler, A.; Sohn, K.

Next-generation sequencing diagnostics of bacteremia in septic patients. Genome Med. 2016, 8, 73.

. Kirn, T.J.; Weinstein, M.P. Update on blood cultures: How to obtain, process, report, and interpret. Clin. Microbiol.

Infect. 2013, 19, 513-520.

. Grumaz, C.; Hoffmann, A.; Vainshtein, Y.; Kopp, M.; Grumaz, S.; Stevens, P.; Decker, S.0O.; Weigand, M.A.; Hofer, S.;

Brenner, T.; et al. Rapid next-generation sequencing-based diagnostics of bacteremia in septic patients. J. Mol. Diagn.
2020, 22, 405-418.

. Grumaz, S.; Grumaz, C.; Vainshtein, Y.; Stevens, P.; Glanz, K.; Decker, S.O.; Hofer, S.; Weigand, M.A.; Brenner, T,;

Sohn, K. Enhanced performance of next-generation sequencing diagnostics compared with standard of care
microbiological diagnostics in patients suffering from septic shock. Crit. Care Med. 2019, 47, e394—e402.

. Bousbia, S.; Papazian, L.; Saux, P.; Forel, J.M.; Auffray, J.P.; Martin, C.; Raoult, D.; La Scola, B. Repertoire of intensive

care unit pneumonia microbiota. PLoS ONE 2012, 7, e32486.

. Otto, G.P,; Sossdorf, M.; Claus, R.A.; Rodel, J.; Menge, K.; Reinhart, K.; Bauer, M.; Riedemann, N.C. The late phase of

sepsis is characterized by an increased microbiological burden and death rate. Crit. Care 2011, 15, R183.

. Bellani, G.; Laffey, J.G.; Pham, T.; Fan, E.; Brochard, L.; Esteban, A.; Gattinoni, L.; van Haren, F,; Larsson, A.; McAuley,

D.F.; et al. Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in
intensive care units in 50 countries. JAMA 2016, 315, 788-800.

Diamond, M.; Peniston Feliciano, H.L.; Sanghavi, D.; Mahapatra, S. Acute Respiratory Distress Syndrome; StatPearls:
Treasure Island, FL, USA, 2021.

Smith, A.D.; Zhang, Y.; Barber, R.C.; Minshall, C.T.; Huebinger, R.M.; Allen, M.S. Common lung microbiome identified
among mechanically ventilated surgical patients. PLoS ONE 2016, 11, e0166313.

Schmitt, F.C.F,; Lipinski, A.; Hofer, S.; Uhle, F.; Nusshag, C.; Hackert, T.; Dalpke, A.H.; Weigand, M.A.; Brenner, T.;
Boutin, S. Pulmonary microbiome patterns correlate with the course of the disease in patients with sepsis-induced
ARDS following major abdominal surgery. J. Hosp. Infect. 2020, 105, 438—446.

Kelly, B.J.; Imai, |.; Bittinger, K.; Laughlin, A.; Fuchs, B.D.; Bushman, F.D.; Collman, R.G. Composition and dynamics of
the respiratory tract microbiome in intubated patients. Microbiome 20186, 4, 7.

Zakharkina, T.; Martin-Loeches, |.; Matamoros, S.; Povoa, P.; Torres, A.; Kastelijn, J.B.; Hofstra, J.J.; de Wever, B.; de
Jong, M.; Schultz, M.J.; et al. The dynamics of the pulmonary microbiome during mechanical ventilation in the intensive
care unit and the association with occurrence of pneumonia. Thorax 2017, 72, 803-810.

Kyo, M.; Nishioka, K.; Nakaya, T.; Kida, Y.; Tanabe, Y.; Ohshimo, S.; Shime, N. Unique patterns of lower respiratory
tract microbiota are associated with inflammation and hospital mortality in acute respiratory distress syndrome. Respir.
Res. 2019, 20, 246.

Kitsios, G.D.; Fitch, A.; Manatakis, D.V.; Rapport, S.F,; Li, K.; Qin, S.; Huwe, J.; Zhang, Y.; Doi, Y.; Evankovich, J.; et al.
Respiratory microbiome profiling for etiologic diagnosis of pneumonia in mechanically ventilated patients. Front.
Microbiol. 2018, 9, 1413.

Baek, M.G.; Woo, S.J.; Kim, N.E.; Baek, C.; Won, S.; Kim, Y.; Lee, J.J.; Yi, H.; Hong, J.Y. Respiratory microbiome
profiles differ by recent hospitalization and nursing home residence in patients on mechanical ventilation. J. Transl.
Med. 2020, 18, 464.

Panzer, A.R.; Lynch, S.V.; Langelier, C.; Christie, J.D.; McCauley, K.; Nelson, M.; Cheung, C.K.; Benowitz, N.L.; Cohen,
M.J.; Calfee, C.S. Lung microbiota is related to smoking status and to development of acute respiratory distress
syndrome in critically ill trauma patients. Am. J. Respir. Crit. Care Med. 2018, 197, 621-631.

Li, K.J.; Chen, Z.L.; Huang, Y.; Zhang, R.; Luan, X.Q.; Lei, T.T.; Chen, L. Dysbiosis of lower respiratory tract microbiome
are associated with inflammation and microbial function variety. Respir. Res. 2019, 20, 272.

Kawanami, T.; Yatera, K.; Yamasaki, K.; Noguchi, S.; Fukuda, K.; Akata, K.; Naito, K.; Kido, T.; Ishimoto, H.; Taniguchi,
H.; et al. Clinical impact of methicillin-resistant staphylococcus aureus on bacterial pneumonia: Cultivation and 16S
ribosomal RNA gene analysis of bronchoalveolar lavage fluid. BMC Infect. Dis. 2016, 16, 155.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Dickson, R.P.; Singer, B.H.; Newstead, M.W.; Falkowski, N.R.; Erb-Downward, J.R.; Standiford, T.J.; Huffnagle, G.B.
Enrichment of the lung microbiome with gut bacteria in sepsis and the acute respiratory distress syndrome. Nat.
Microbiol. 2016, 1, 16113.

Ralls, M.W.; Miyasaka, E.; Teitelbaum, D.H. Intestinal microbial diversity and perioperative complications. JPEN J.
Parenter. Enter. Nutr. 2014, 38, 392—-399.

van Praagh, J.B.; de Goffau, M.C.; Bakker, |.S.; Harmsen, H.J.; Olinga, P.; Havenga, K. Intestinal microbiota and
anastomotic leakage of stapled colorectal anastomoses: A pilot study. Surg. Endosc. 2016, 30, 2259-2265.

van Praagh, J.B.; de Goffau, M.C.; Bakker, |.S.; van Goor, H.; Harmsen, H.J.M.; Olinga, P.; Havenga, K. Mucus
microbiome of anastomotic tissue during surgery has predictive value for colorectal anastomotic leakage. Ann. Surg.
2019, 269, 911-916.

Sciuto, A.; Merola, G.; De Palma, G.D.; Sodo, M.; Pirozzi, F.; Bracale, U.M.; Bracale, U. Predictive factors for
anastomotic leakage after laparoscopic colorectal surgery. World J. Gastroenterol. 2018, 24, 2247—-2260.

Schmitt, F.C.F.; Brenner, T.; Uhle, F,; Loesch, S.; Hackert, T.; Ulrich, A.; Hofer, S.; Dalpke, A.H.; Weigand, M.A.; Boutin,
S. Gut microbiome patterns correlate with higher postoperative complication rates after pancreatic surgery. BMC
Microbiol. 2019, 19, 42.

Decker, S.O.; Kruger, A.; Wilk, H.; Grumaz, S.; Vainshtein, Y.; Schmitt, F.C.F.; Uhle, F; Bruckner, T.; Zimmermann, S.;
Mehrabi, A.; et al. New approaches for the detection of invasive fungal diseases in patients following liver
transplantation—Results of an observational clinical pilot study. Langenbeck’s Arch. Surg. 2019, 404, 309-325.

Decker, S.0.; Sigl, A.; Grumaz, C.; Stevens, P.; Vainshtein, Y.; Zimmermann, S.; Weigand, M.A.; Hofer, S.; Sohn, K.;
Brenner, T. Inmune-response patterns and next generation sequencing diagnostics for the detection of mycoses in

patients with septic shock—Results of a combined clinical and experimental investigation. Int. J. Mol. Sci. 2017, 18,

1796.

Ibironke, O.; McGuinness, L.R.; Lu, S.E.; Wang, Y.; Hussain, S.; Weisel, C.P.; Kerkhof, L.J. Species-level evaluation of
the human respiratory microbiome. GigaScience 2020, 9, giaa038.

Santacroce, L.; Charitos, I.A.; Ballini, A.; Inchingolo, F.; Luperto, P.; De Nitto, E.; Topi, S. The human respiratory system
and its microbiome at a glimpse. Biology 2020, 9, 318.

Lankelma, J.M.; van Vught, L.A.; Belzer, C.; Schultz, M.J.; van der Poll, T.; de Vos, W.M.; Wiersinga, W.J. Critically ill
patients demonstrate large interpersonal variation in intestinal microbiota dysregulation: A pilot study. Intensive Care
Med. 2017, 43, 59-68.

Hufnagl, K.; Pali-Scholl, I.; Roth-Walter, F.; Jensen-Jarolim, E. Dysbiosis of the gut and lung microbiome has a role in
asthma. Semin. Immunopathol. 2020, 42, 75-93.

Retrieved from https://encyclopedia.pub/entry/history/show/37042



