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Introduction:
[bookmark: _Hlk190338454]In order to have rapid sensitivity results in Clinical Microbiology Laboratories, Microbiology Institute of Colombia IMICOL, did a research with many different samples to help physicians in their right treatment to improve patient’s health (1,2,3). The most useful result of a Clinical Microbiology Laboratory is to provide the most appropriate specific antibiotic for its treatment. In most laboratories a urine culture takes from 3 to 5 days to give the sensitivity tests, because it needs to have pure cultures to do the Antibiotic Sensitivity Tests (AST). This is a consequence in many cases a need to stay more days in the hospital and therefore, it increases the cost of their illness, plus the deterioration of their health. (4)
[bookmark: _Hlk189385180]The new manual rapid techniques: Direct and Enrichment AST MOS. So, called MOS because they have been proposed and implemented by Margaret Ordonez Smith. These techniques are a modification of the standard disk diffusion technique described by Kirby-Bauer and Barry (5,6) and it was reconfirmed after 18 hours of incubation (7, 8, 9), as approved by CLSI (Clinical Laboratory Standards Institute) and EUCAST (European Committee on Antimicrobial Susceptibility Testing) (10, 11). These manual techniques are very useful for urgent cases, easy, economic, reliable and they don´t need special equipment’s only an incubator to put the Petri dishes in a 37°C temperature. Thefore, they can be standardized by any kind of laboratory in the world. (Figure 1).
1. Standard Disk Diffusion Test by Kirby-Bauer
This technique has been the golden standard disk diffusion test for many years (5). The sample needs to be a pure culture in order to be done. If the sample has two bacterias, each one should be isolated and incubation is done at 37°C. In the first day the sample is smeared in an enrichment media, example, a blood agar (BA), MacConkey (Mac) agar and/or Eosin Methylene Blue agar (EMB). In the second day, the Kirby-Bauer technique is done with the bacterium isolated in order to do the identification (ID) and AST test. To do the AST the microorganism is smeared onto an enrichment broth, such as Tryptone Soya Broth (TSB) and when the inoculum has a turbidity of the MacFarland No. 0.5 it is smeared onto a dried AST media Mueller Hinton Agar (MHA). The inoculum should streak back-and-forth motion, rotate the Petri dish three times every 60°, in order to have an even distribution of inoculum and with a confluent lawn of grown. After 18 hours of incubation the zones of inhibition are interpreted with the breakpoints tables as CLSI or EUCAST (10,11). If the sample has only one bacterium on the third day the result can be given. But, If the sample has more bacterias it can last even 5 days., the result of the AST is ready to have the interpretation of the discs (Figure 1).

Novel Manual Techniques:
Specific Objectives:
These techniques are a modification of Kirby-Bauer Disk Diffusion Test. They can be done with any sample and the great advantage is to have a reliable rapid result. The most important is to know just in hours which is the reliable antibiotic for the patient’s treatment. The principle of the AST MOS tests is for a suitable therapeutic agent to be used in vivo. AST discs can be used with filter paper discs impregnated with specified concentrations of antimicrobial agents placed on the surface of a suitable test medium. Direct AST MOS is done with direct samples and Enrichment AST MOS with an inoculum as MacFarland No.0.5 of the samples. Both techniques are inoculated onto the sensitivity test media and they are incubated at 37°C with AST discs. The discs diffuse into the agar in 16 to 18 hours. After incubation at human corporal temperature, the zones of inhibition around the discs are measured and compared against recognized zone diameter ranges for the specific antimicrobial agents/organisms with CLSI or EUCAST breakpoints tables. Example, if the sample has an Escherichia coli infection, AST test can be read in 4 to 8 hours as a preliminary test and after 16 to 18 hours the reconfirmation of the data. 
Advantages of these novel techniques
The most important and relevant issue is that the AST MOS techniques can be used in any laboratory, because they are very economic, easy and rapid tests. Both Direct MOS and Enrichment MOS can be read after 4 to 8 hours of reception of the sample as Barry (6) describes it, and it can be reconfirmed after 18 hours (7,8,9). The great advantage is to have the reliable antibiotic for the patient´s treatment, in order to reduce days of hospitalization, tests and/or medicines, plus the deterioration of their health (4). Any of the AST tests: manual or automated takes at least 3 to 8 days, to give the antibiotic information. The automated system needs a pure culture and the physician has to start an empiric treatment that maybe is helpful or not. This situation can increase the bacterial resistance to antibiotics. 
Samples:
In the Direct AST MOS samples must have an inoculum with a high concentration, example, in urines with a concentration of 10ᵔ8; also, it is very helpful for vaginal (12), sputum, feces (13), abscess samples, the samples are smeared directly onto the Petri dish. In the Enrichment technique AST MOS, any sample can be used, because the sample is enriched in a tryptone soya broth (TSB) or any broth until it has a concentration of 10ᵔ8 (MacFarland No.0. 5). It can be done on eye or wound secretions, semen. 
Materials required:
Petri dishes with special media to do the AST, such as Mueller Hinton Agar, ISO Sensitivity Agar, Diagnostic Sensitivity Test Agar can be used. An inoculum suspension with pure culture of the samples, sterile loops, swabs, sterile forceps, McFarland turbidity No.0.5 tube, incubator at 37°C, modified atmosphere environments. For quality control of the discs must be used strains with ATCC (American Type Culture Collection) or NCTC (National Collection of Type Culture), millimeter (mm) measuring ruler to read the zone sizes and interpretative criteria by Kirby-Bauer method of susceptibility testing with CLSI or EUCAST breakpoint tables.
Storage and Handling: 
AST discs must be stored at -20°C to 8°C until required. Allow to reach room temperature when they are going to be used. Once opened, the discs should be stored within a dispenser in a container with desiccant to protect the discs from moisture. And the media in a refrigerator at approximately 8°C and the Petri dish should have 4 mm deep, usually each dish has 25 mL of media.
Statistical studies: 
These novel techniques were compared with other laboratories and automated equipment. Giving a p>0.09 for Direct MOS and p>0.09 for the Enrichment MOS method, an accuracy of 99 %.
2. Procedures for the Novel techniques:
2.1. Direct technique MOS. It is very useful when the sample has a high concentration of bacteria, such as: feces, vaginal, throat, sputum, abdominal abscess, urine when it has abundant bacteria in a urine analysis with a urine culture of >100.000 CFU/mL. Figure 1. There is no problem to have a mixed inoculum, usually the bacteria causing the infection is in a higher amount. If there are two inhibition zones, a Gram stain and isolation must be done and compared with the cultures used to do the ID.
[bookmark: _Hlk190328158][bookmark: _GoBack]Urine samples are smeared onto the Petri dish with a sterile loop of 0.01 mL, twelve loops. Then three streaks are done with a sterile swab every 60° to have an even inoculum in a 90mm dish with any AST media, as, an Iso-Sensitest agar and incubated at 37°C. (1). The Direct AST MOS method is done as the gold standard technique is described by CLSI (10). In urgent cases, Barry (6) describes a preliminary reading in case the inhibition zone can be read after 4 to 8 hours. However, it is better to subtract 4 mm to have a reliable data, the interpretation is accurate between both techniques. There is no other method that can help the physician in 4 to 6 hours after reception of the sample.
, 
Table 1
______________________________________________________
	
	Inhibition zones in millimeters (mm) between Direct AST MOS and Standard Disk Diffusion Test  





	ANTIBIOTIC
	FIM
	SXT
	AMC
	SAM
	ATM
	   CL
	CIP
	 CAZ

	Direct AST MOS 
	 20=S
	27=S
	 21=S
	20=S
	29=S
	  19=S
	0=R
	26=S

	Standard DF
	19=S
	21=S
	19=S 
	18=S
	26=S
	  17=I
	0=R
	22=S

	Interpretation
	S
	S
	S
	S
	S
	Subtract 4mm = I
	R
	S



[bookmark: _Hlk190332049]FIM= Nitrofurantoin, SXT= Sulphamethoxazole/Trimethoprim, AMC= Amoxycillin/Claulonic Acid, SAM= Ampicillin/Sulbactam, ATM= Aztreonam,  CL= Cephalexin, CIP= Ciprofloxacin, CAZ= Ceftazidime, TSB =Tryptone Soya Broth, McF = MacFarland Scale No. 0.5, S=Susceptible, I= intermediate, R= Resistant 

The sample of feces are inoculated onto EMB agar and MacConkey Agar for the identification (ID) of the microorganisms, and at the same time the sample is inoculated to the MHA with the discs. All the Petri dishes must be incubated at 37°C.  For the ID the incubation is for 1 to 3 days (if necessary), the AST can be read in 4 to 8 hours in order to give a preliminary AST result for the patient´s treatment and in 18 hours of incubation after reception of the sample the AST result can be given. If the zones of Inhibition have a mixed culture do a Gram stain and isolate the bacteria or fungus. 
For coprocultures the container should be sterile to receive the feces, most common study of enteropathogens are, Shigella, Salmonella, Yersinia, Campylobacter, Proteus (13). Usually in a diarrhea, there is only one bacterium and this Direct AST MOS test can give the same day of recollection the reliable antibiotic for the treatment. 
  
[image: C:\Users\user\Pictures\LABORATORIO\MOS Directo con escobillon izq y aislada derec marzo.JPG]
Figure 2   It shows a coproculture with Proteus mirabilis and Escherichia coli. This method also helps to isolate the bacteria and between 8 to 18 hours the laboratory can give the AST reliable result. (3,7).
 This Direct AST MOS method can help in vaginal secretions, specially it is useful with fastidious bacteria as Mobiluncus and Gardnerella vaginalis. In sputum with pneumonia can give a preliminary result with Gram negative bacterias as Klebsiella pneumoniae. 
2.2. Enrichment technique MOS. 
[bookmark: _Hlk189587218]The procedure is to smear the sample onto a tube with TSB, and must be incubated at 37°C and every hour, the tube has to be checked until it has the turbidity of MacFarland No.0.5. Immediately it can be smeared onto the MHA media or the sensitivity test media that the laboratory uses. Put the antimicrobial susceptibility test discs and incube at 37 ˚C for 4 to 18 hours then read the zones of inhibition and give the reliable AST result. The AST inhibition zones can be read as Barry described after 4 to 8 hours of incubation (1,2,3,6,7,8,9).
The great advantage of this Enrichment AST MOS technique is that it can be used with any sample, for example, eyes secretions that are very difficult to grow, because the inoculum is very tiny. Its interpretation is as accurate as the standard disk diffusion of Kirby Bauer (5,3,7,8). The procedure with urine sample: 1 mL (one milliliter) smeared onto 2 mL (two milliliter) of broth (TSB) and every hour the turbidity must be checked until it has the turbidity of MacFarland No.0.5. In table 2 all the zones were the same as the standard disk diffusion test.  Gram positive bacteria grow slower than Gram negative.  Figure No. 1
Table 2  
	 
	Inhibition zones in millimeters (mm) between Enrichment AST MOS and Standard Disk Diffusion Test  





	ANTIBIOTIC
	FIM
	SXT
	AMC
	SAM
	ATM
	 CL
	CIP
	 CAZ

	Enrichment AST MOS  TSB= McF
	 20=S
	22=S
	18=S
	19=S
	27=S
	17=I
	0=R
	24=S

	Enrichment AST MOS with urine at 37C
	21=S
	24=S
	19=S
	20=S
	27=S
	17=I
	0=R
	22=S

	Standard D F
	19=S
	21=S
	19=S 
	18=S
	26=S
	17=I
	0=R
	22=S

	Interpretation
	S
	S
	S
	S
	S
	 I
	R
	S



FIM= Nitrofurantoin, SXT= Sulphamethoxazole/Trimethoprim, AMC= Amoxycillin/Clavulonic Acid, SAM= Ampicillin/Sulbactam, ATM= Aztreonam,  CL= Cephalexin, CIP= Ciprofloxacin, CAZ= Ceftazidime, TSB =Tryptone Soya Broth, McF = MacFarland Scale No. 0.5, S=Susceptible, I= intermediate, R= Resistant 
[bookmark: _Hlk190332511]Figure No.1. Procedures in: Standard Diffusion Disk Test, Direct AST MOS, Enrichment AST MOS techniques 
[image: C:\Users\marga\Downloads\ATS MOS 2025(12).jpg]
BA= Blood Agar, EMB= Eosin Methylene Blue Agar, CLED = Cysteine Lactose Electrolyte Deficient medium with Andrade Indicator, MHA= Mueller-Hinton Agar, Broth= Tryptone Soy Broth, MacFarland No. 0.5, AST= Antibiotic Susceptibility Test, ID= Identification
https://drive.google.com/file/d/1s3hl0_y5E-nWzB4ObM1hotdrChqSULHA/view?usp=sharing

2.3. New transport media tube 
This method is a modification of the Enrichment AST MOS technique, it is a new way to recover the bacteria from any infectious disease and can be done in any place of the world. The only requirement is to have the Transport Media Tube (TMT) MOS when the sample is taken. 
Procedure: As the Enrichment AST MOS, the great advantage is that the patient puts the sample immediately onto the TMT MOS (figure 2). The tube is placed in a "kangaroo" style for 2 to 3 hours or more, in order, to keep the sample at a corporal temperature. Then the TMT MOS is sent to the laboratory by airplane or personally. This method has a recovery of 100%, compared with Cary Blair transport media of 67.9%. (14,15,16) 
[image: ]
Figure 2. Transport Medium Tube MOS instruction for the patient to take the sample.
3. Automated AST test compared with novel manual MOS techniques 
62 samples were analyzed with urines >100.000CFU/mL with the Direct MOS AST with the automated system MIC (Minimum Inhibitory Concentration) and statistically comparative there was no difference p>0.09. The sensitivity was 97.9%, specificity 81.8%, positive predictive value (PPV) 99.5% and negative predictive value (NVP) 44.4% (2). Therefore, the Direct MOS AST is of great value because can give in urgent cases the reliable antibiotic in 4 to 18 hours after the recollection of the sample, and it can be confirmed by Disk Diffusion Test or automated MIC system as CLSI or EUCAST approvals (2). 

4. Blood Direct Standard 
Blood cultures are among the most delicate tests to be done. A rapid AST result is always needed, because sepsis or bacteremia are critical health conditions. With this modification the hospitalization time was shortened between 28 to 40 hours. It is a simple, reliable, economic and very useful method (2,10,17,18). 
Procedure: the blood is inoculated into an enrichment broth or a blood culture bottle, when the systematized equipment indicates bacterial growth, 0.3 mL is immediately taken to inoculate on a Mueller Hinton Agar Petri dish with the discs with an even inoculum as described in the Standard Disk Diffusion Test and then incubated at 37°C for 18 hours. This technique can be performed in any Clinical Microbiology Laboratory (2,17,18,19).
CONCLUSION: 
There are many automated systems to know which bacteria is causing the infectious disease as Maldi Tof MS System and other equipments can give the bacteria identification, but not the same day of sample reception is given the AST information (20). In a health service the most important is to know the reliable treatment, not the name of the bacteria, in order to give as soon as possible the antibiotic for the patient´s treatment. Most of the cases the physician has to start with an empirical medicine. 
All these rapid MOS methods reduces the hospitalization time, costs on tests or medicine unnecessary. It is the aim to publish so that many laboratories in the whole world can start to process them. Since they are very rapid, simple, economic, and reliable. 
5. Gram Stain with Blood Sample
This technique is not used with blood sample, but it is very useful in just only 4 to 6 minutes the laboratory can give the physician the cause of an infectious disease: if it is a bacteria Gram negative or Gram positive or a fungus. In the Microbiology Institute of Colombia IMICOL is used for all the samples, but blood is not use as a standard technique and it is very useful (2). A drop of blood is just what you need; it is very economic, easy and rapid to give guidance in a treatment. Since many years ago, a sepsis is caused mostly by bacteria Gram positive or negative and fungi as Candida (21,22,23).
Procedure: Put a drop of the blood in a slide, dry the sample and stained it with Gram. Dry it and read with immersion oil and see it at the microscope at 100x. The laboratory can give a preliminary result and it helps to the physician for a reliable treatment. This improves the way of life of the patients and avoids unnecessary medicines and days of hospitalization. Usually when a patient has sepsis or bacteremia a deterioration is done; therefore, knowing the type of bacteria or fungus the treatment is faster, because the hemocultures takes from 2 to 5 days to have a result. 
In 2013, Stoneking et al (24) studied that 55.7% of the treatments can be changed to narrower spectrum antimicrobials if the AST result is done in the same day. Some places or laboratories don’t have expensive equipments so we suggest to use a direct smeared of the blood sample onto a blood agar or chocolate agar to have the bacterium or a Sabouraud agar to recover fungi. 
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