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In Italy, Corona Virus 19 (COVID-19) had its first patient in Lombardy Region and then it circulated 
all over the Country and at the moment (27.07.2020) there are 244.708 confirmed cases, 34.126 
deaths with 14% as case fatality rate1,2. As it was recorded from of this beginning of this epidemic 
up to now almost 10% of patients with COVID-19 experimented a hospital admission and 9% of 
them needed to stay in intensive care units but the numbers were very different at the beginning 
of the epidemic when the patients with critical conditions were much more1. 
In a research and teaching hospital located in the centre of Milan with active 716 beds, 84 of them 
were turned up in sub intensive care to admit patients who needed less intensive care3. In total 
from March 9th to June 6th 2020, 246 patients were admitted to these 84 beds for sub intensive 
care and 80 of whom perished, all these patients were admitted with a very high appropriateness 
level (data from the hospital administrative records)4,5. 
During their stay in hospital these patients, as all the others, faced also a considerable threat for 
their safety caused by healthcare associated infections (HAIs) possibly related to individual habits 
which might have determined adverse clinical outcomes and aggressive antimicrobial therapies 
with further resistance selection6,7,8,9,10,11,12,13. 
 As reported in another study all these 246 patients were routinely followed with the usual local 
infection control surveillance program to detect colonization by multidrug-resistant bacteria, 
namely MRSA (Methicillin-resistant Staphylococcus aureus), multidrug-resistant Gram-negative 
bacteria and VRE (Vancomycin-resistant enterococci) in addiction received all the microbiological 
investigation in case of infectious symptoms3.  
The aim of this study is to assess the association among species of bacteria and to identify the 
presence of clusters of patients in sub intensive care unit with different profiles of infection, and 
to study the relationship between such profiles and patient demographics (gender, age), kind of 
investigations and  material used to detect the infection.  
Statistical methods 
To the aim of evaluating the association among different species of bacteria, a dataset of 74 rows 
(patients) and 27 columns (species of bacteria) was considered; for each bacteria the data was 
classified as absence or presence of the species of bacteria for each individual. All the species of 
bacteria presented in at most one subject were excluded from the analysis, because it was not 
reasonable to use such data to detect the co-presence with other species of bacteria. The 
association was described by Multiple Correspondence Analysis (MCA) methods14,15. MCA yields 
graphical representations of subjects and variables in bidimensional scatterplots which preserve 



the greatest possible amount of global variability within the data. The axes of the plot represent 
the first factorial dimensions. The amount of variability explained by the figure is  evaluated by 
indices called “proportions of explained inertia”. Such indices vary within the range 0%-100%, and 
the higher the explained inertia, the higher will be the overall level of association among the types 
of bacteria considered. Within the plot, the individuals are represented by points; presence and 
absence of each bacteria are represented also by points, and labeled with species  id. In order to 
interpret the patterns of association within the plot, the points that are closest one another 
indicate which subjects have similar profiles (i.e. species  of bacteria present) and which categories 
are mostly associated.  
To identify patients profiles a cluster analysis was performed to identify groups of sampling points 
with homogeneous bacterial patterns. For determining the clusters, we used only the coordinates 
of  points that represent the patients on the first factorial axis, since it explains the most relevant 
explained proportion of variability. The clustering algorithm was the hierarchical clustering with 
Euclidean distance metric and Ward linkage.  
The results of cluster analysis were used to study the relationships between patient profiles and 
the reminder variables: patient demographics (gender, age), kind of investigations and the 
material used to detect the infection. Furthermore, as an aid to interpreting the such relationship, 
the projections of the remainder variables categories (considered as supplementary variables) 
were also represented within the MCA plot. 
Results 
74 patients were considered for the study with 186 exams, 58 (31%) in females and 128 (69%) in 
males, median and mean age were 66 years with 39-89 range and 58-79 1st and 3rd quartiles, 
respectively. Table 1 reports the specific material for the examinations and corresponding 
frequencies. The kind of investigations is reported in Table 2. The detected microorganisms are 
reported in Table 3. 
Species which were found on only a single patient  were: Aerococcus viridans, Citrobacter koseri, 
Corynebacterium amycolatum, Corynebacterium striatum, Corynebacterium urealyticum, 
Enterobacter aerogenes, K. pneumoniae resistente ai carbapenemi, Serratia marcescens, 
Stafilococco aureo Meticillino Resistente, Stafilococco aureo Meticillino Sensibile, Staphylococcus 
pettenkoferi, Stenotrophomonas maltophilia, Str. beta emol. Gr.F, cocco-bacilli Gram positive. 
They were excluded from further analyses. Concerning occurrences, 42 patients had a single 
species, and 17, 9, 5, 1 had 2,3,4,6 co-occurrent species respectively. 
MCA was conducted to assess associations related to the concurrent infections on 13 bacterial 
species (strains): Bacillus clausii, Enterococcus faecalis, Enterococcus faecium, Escherichia coli, 
Klebsiella pneumonia, Morganella morganii, Proteus mirabilis, Providencia stuartii, Pseudomonas 
aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus haemolyticus, 
Staphylococcus hominis. Furthermore the additional variables age, gender, ward, material and 
kind of investigations, were considered as supplementary  variables.  
Figure 1 shows the MCA plot for the first two axes. The variability explained by the first two axes 
was 24.8%, and 14.4% for the first and the second one respectively. The total explained variability 
was of 39.2%: this result suggests indicated that the overall association between the presence and 
absence among the thirteen bacteria was limited.So, For describing the profiles of infection we 
used only the first axis, because it explains the greatest proportions of variability and provides a 
better quality of representation of categories than the second axis. 
Considering the categories well represented in the plot (as indicated by square cosine statistics at 
least 0.5 on the firs axis), the species of bacteria that were better represented were: Escherichia 
coli, Staphylococcus epidermidis, Staphylococcus hominis and Staphylococcus haemolyticus.  



The position of the presence and the absence of the species above in the MCA plot suggested that 
the first axis diversified subjects who had the Escherichia coli and not the other three species from 
subjects who had not the Escherichia coli and had the other three species. In fact, 17 patients, out 
of 18 infected by Staphylococcus epidermidis, were not infected by Escherichia coli, 10 patients, 
out of 10 with Staphylococcus hominis, did not present Escherichia coli, and 8 patients, out of 9 
with Staphylococcus haemolyticus, did not present Escherichia coli. Concerning the co-occurences 
between species: 6 times out of 10 Staphylococcus hominis was present when Staphylococcus 
haemolyticus was absent, 12 times out of 18 Staphylococcus epidermidis was present when 
Staphylococcus haemolyticus was absent and 14 times out of 18 Staphylococcus epidermidis was 
present when Staphylococcus hominis was absent). Therefore, we could support confirmed the 
pattern that in patients infected by Escherichia coli, Staphylococcus epidermidis, Staphylococcus 
hominis and Staphylococcus haemolyticus were generally not present, and vice-versa. On the 
contrary, we could not support that patients infected by one among Staphylococcus epidermidis, 
Staphylococcus hominis and Staphylococcus haemolyticus, are also infected by the remainder 
ones. 
In cluster analysis four major infection profiles were identified; they are represented in Fig. 2.     
Cluster 1 had 18 subjects mainly characterized by the presence of Escherichia coli (16/18), cluster 
2 included 28 subjects and it was mainly characterized by absence of every of the four species 
considered (only Staphylococcus epidermidis was found in 3 out of 28 subjects),  cluster 3 had 23 
subjects infected by either Staphylococcus epidermidis, Staphylococcus hominis or Staphylococcus 
haemolyticus and not infected by Escherichia coli; (1 subjects had Escherichia coli, 4 subjects had 
Staphylococcus haemolyticus, 6 subjects had Staphylococcus hominis  and 10 had Staphylococcus 
epidermidis) cluster 4 had 5 subjects characterized by strong co-occurrence of Staphylococcus 
haemolyticus (5 subjects out of 5), Staphylococcus hominis (4 subjects out of 5) and 
Staphylococcus epidermidis (5 subjects out of 5). 
Concerning supplementary variables, age suggested a very low general association with the first 
dimension of MCA. Considering the relationship between age and the four clusters it can be 
shown that age tended to decrease from cluster 1 to cluster 4: median age was equal to 72.00 for 
cluster 1, was 64.50 for cluster 2,was  63.00 for cluster 3 and  was 59.0 for cluster 4 (see Figure 3). 
Sex was not well represented in the first dimension of MCA (had a squared cosine equal to 0.157). 
Anyway, cluster 1 had 10/18 males (55.6%), cluster 2 had 20/28 (71.4%) males, cluster 3 had 16/23 
(69.6%) males and cluster 4 had 4/5 male (80.0%). 
Materials that were well represented in the first dimension of the MCA were: arterial catheter 
blood (squared cosine equal to 0.568), venous catheter blood (cosine squared equal to 0.542) and 
in situ catheter blood (venous) (squared cosine equal to 0.581).  However arterial catheter blood 
and in situ catheter blood (venous) were picked up in very few subjects (4 and 3 respectively). 
arterial catheter blood was not picked up not used for subjects in cluster 1, while  in situ catheter 
blood (venous) was picked up only in subjects in cluster 3 and 4.  
Cluster 1 and 2 were characterized by absence of the venous catheter blood (in 16 subjects out of 
18 for the first and in 22 subjects out of 28 for the second this material had not been picked up); in 
contrast with clusters 3 and 4 which are characterized by large use of this material (11/23 and 5/5 
picked up in cluster 3 and 4 respectively). 
Concerning kind of investigation, only ANA 1 SET (Bact / ALERT)  was well represented in the first 
dimension (squared cosine: 0.625),  
In the first cluster 16/18 subjects (88.9%) had not the Blood culture ANA 1 SET (Bact / ALERT), in  
cluster 2, 22/28 subjects (78.6%); in contrast with clusters 3 and 4 with 10/23 and 5/5 subject with 
Blood culture ANA 1 SET (Bact / ALERT).  
 



Discussion 
All the patients admitted in hospital are routinally followed with the usual local infection control 
surveillance program to detect colonization by multidrug-resistant bacteria, namely MRSA 
(Methicillin-resistant Staphylococcus aureus), multidrug-resistant Gram-negative bacteria and VRE 
(Vancomycin-resistant enterococci) in addiction received all the microbiological investigation in 
case of infectious symptoms. This program were ensured also for all the COVID-19 positive 
patients. We studied the results of this program in  246 patients  admitted to the sub intensive 
care unit in a research and teaching hospital located in the centre of Milan. 74 patients were 
considered in ous study because they presented infection symptoms after the performance of the 
surveillance program. Their mean age was 66 years. The most frequent positive material sent in 
microbiological laboratory was blood from venous catheter (56 – 30,11%) and consequently the 
most frequent investigation was blood culture (121 – 66,67%). The most frequent bacterium 
isolated was Staphylococcus epidermidis (29 – 15,59%).  
MCA was conducted to assess the associations related to the concurrent infections on 13 bacterial 
species (strains) The overall association was low. Only 4 of the 13 species were well represented 
by the MCA plot, so the patterns of association were based only on these species. More 
specifically, it is possible to support the pattern of almost mutual exclusivity between Escherichia 
coli on one and Staphylococcus epidermidis, Staphylococcus hominis or Staphylococcus 
haemolyticus on the other one. 
The evaluation of age and sex suggests a a very low general association in particular age is 
increasing from cluster 1 to cluster 4: median age was equal to 72.00 for cluster 1, was 64.50 for 
cluster 2,was  63.00 for cluster 3 and  was 59.0 for cluster 4 (see Figure 3). 
These considerations need to be study on a bigger amount of data in the same setting to make 
evident that it is constant the infection only with Escherichia coli and Staphylocossus epidemidis 
and a third case in which more bacteria are inlvolved. 
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Table 1. Material for the investigation 
Material N Perccentage 

Bronchial aspirate 2 1.08% 

Sputum 7 3.76% 

Arterial blood from catheter 7 3.76% 

Venous blood from catheter  56 30.11% 

Blood from vein  54 29.03% 

Arterial blood from catheter in situ (art) 2 1.08% 

Venuos blood from catheter in situ  5 2.69% 

 Nasal swab 2 1.08% 

Urine form catheter 39 20.97% 

Middle jet urine  9 4.84% 

Urine from Stoma 3 1.61% 
 
 
 
Table 2. Kind of investigations. 
Investigation N Perccentage 

Blood culture AER 1 SET (Bact/ALERT) 63 33.87% 

Blood culture AER 2 SET (Bact/ALERT) 10 5.38% 

Blood culture ANA 1 SET (Bact/ALERT) 43 23.12% 

Blood culture ANA 2 SET (Bact/ALERT) 8 4.30% 

Lower respiratory tract sputum culture Colturale 9 4.84% 

Culture of nasopharyngeal swabs 2 1.08% 

Urine culture 51 27.42% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3. Detected microorganisms. 

Microorganisms N 
investigations Perccentage N of patients Code 

Aerococcus viridans 1 0.54% 1 av 

Bacillus clausii 3 1.61% 3 bc 

Citrobacter koseri 1 0.54% 1 ck 

Corynebacterium amycolatum 1 0.54% 1 ca 

Corynebacterium striatum 1 0.54% 1 cs 

Corynebacterium urealyticum 1 0.54% 1 cu 

Enterobacter aerogenes 1 0.54% 1 ea 

Enterococcus faecalis 29 15.59% 20 ef 

Enterococcus faecium 13 6.99% 9 efaec 

Escherichia coli 22 11.83% 17 ec 

K. pneumoniae resistente ai 
carbapenemi 1 0.54% 1 kpr 

Klebsiella pneumoniae 8 4.30% 7 kp 

Morganella morganii 2 1.08% 2 mm 

Proteus mirabilis 8 4.30% 5 pm 

Providencia stuartii 2 1.08% 2 ps 

Pseudomonas aeruginosa 10 5.38% 4 pa 

Serratia marcescens 3 1.61% 1 smar 

Stafilococco aureo Meticillino 
Resistente 5 2.69% 1 samr 

Stafilococco aureo Meticillino Sensibile 1 0.54% 1 sams 

Staphylococcus aureus 15 8.06% 9 sa 

Staphylococcus epidermidis 29 15.59% 18 se 

Staphylococcus haemolyticus 11 5.91% 10 sha 

Staphylococcus hominis 14 7.53% 10 sho 

Staphylococcus pettenkoferi 1 0.54% 1 sp 

Stenotrophomonas maltophilia 1 0.54% 1 smal 

Str. beta emol. Gr.F 1 0.54% 1 sbegf 

cocco-bacilli Gram positivi 1 0.54% 1 cbgp 
 

 

 

 

 



Figure 1: MCA Plot for describing the association among species of bacteria. The positions of the categories 
(0 for absence or 1 for presence) are indicated by triangles; the labels used for species of bacteria are 
reported in table 3 (column: Code). Patien
original position in the graph of the species of bacteria which are near to the origin. 
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Figure 2: Cluster analysis on the MCA scores. Patients within clusters are projected on the MCA 
plane and points of patients within the same cluster are represented with the same color.
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Figure 3: Age distribution according to the clusters
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