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ABSTRACT

Introduction. Infections represent a real public health problem aggravating the morbidity and mortality of hospitalized
patients. Methods. This was a retrospective study with descriptive purposes over a period of 05 years, in the pneumology
department of the university hospital of Cocody. Results. The average age in our population was 42 years. We observed a
male predominance of 64.5%, with a sex ratio of 1.8. Medical history was dominated by HIV infection (23.5%), followed by
tuberculosis (15.6%). Concerning lifestyle, smoking was found in 38% of cases. Symptoms progressed chronically in 80% of
cases. An infectious syndrome was found in 75% of cases. Microbial culture was positive in 42% of cases. Pseudomonas ae-
ruginosa and Klebsiella pneumoniae were encountered in 26.4% of cases each, followed by Echerichia coli in 10.4% of cases.
Klebsiella pneumoniae in the first three years topped the list, but gradually. Pseudomonas aeruginosa maintained its leadership
over the last three years. Pseudomonas aeruginosa isolates expressed a resistance rate of 9.8% to ceftazidime and 8.1% to
imipenem; to aztreonam (36%), ticarcillin (33.3%) and levofloxacin. These strains were susceptible to fosfomycin (100%),
meropenem (96.6%) and amikacin (96%). For isolated strains of Enterobacteriaceae, resistance was observed about ticarcillin
(83.3%) and amoxicillin clavulanic acid (71.2%). Streptococcaceae showed resistance to tetracycline (69.2%) and erythromy-
cin (50%). Over the years there has been an increase in resistance to amoxicillin-clavulanic acid ceftriaxone. The death rate
was 14%. Conclusion. The bacterial profile of infections is dominated by germs responsible for nosocomial infection with
significant mortality.
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RESUME

Introduction. Les infections représentent un véritable probleme de santé publique, aggravant la morbidité et la mortalité
des patients hospitalisés. Méthodes. 11 s'agit d'une étude rétrospective a visée descriptive sur une période de 5 ans, réalisée
dans le service de pneumologie du Centre Hospitalier Universitaire de Cocody. Résultats. L'age moyen de notre popula-
tion était de 42 ans. Nous avons observé une prédominance masculine de 64,5 %, avec un sex-ratio de 1,8. Les antécédents
médicaux étaient dominés par l'infection au VIH (23,5 %), suivie de la tuberculose (15,6 %). Concernant le mode de vie, le
tabagisme était retrouvé dans 38 % des cas. Les symptomes évoluaient de maniére chronique dans 80 % des cas. Un syn-
drome infectieux a été observé dans 75 % des cas. La culture microbienne était positive dans 42 % des cas. Pseudomonas
aeruginosa et Klebsiella pneumoniae étaient retrouvés dans 26,4 % des cas chacun, suivis d’Escherichia coli dans 10,4 % des
cas. Klebsiella pneumoniae était le germe le plus fréquemment isolé au cours des trois premieres années, mais progressive-
ment, Pseudomonas aeruginosa a maintenu sa prédominance au cours des trois derniéres années. Les souches de Pseudomno-
nas aeruginosa ont exprimé un taux de résistance de 9,8 % a la ceftazidime et de 8,1 % a l'imipénem ; a 'aztréonam (36 %), a
la ticarcilline (33,3 %) et a la 1évofloxacine. Ces souches étaient sensibles a la fosfomycine (100 %), au méropénem (96,6 %)
et a 'amikacine (96 %). Pour les souches d’Entérobactéries isolées, une résistance a été observée vis-a-vis de la ticarcilline
(83,3 %) et de I'amoxicilline-acide clavulanique (71,2 %). Les Streptococcaceae ont montré une résistance a la tétracycline
(69,2 %) et a I'érythromycine (50 %). Au fil des années, on note une augmentation de la résistance a I'amoxicilline-acide
clavulanique et a la ceftriaxone. Le taux de mortalité était de 14 %. Conclusion. Le profil bactérien des infections est domi-
né par des germes responsables d’infections nosocomiales, avec une mortalité significative.

MOTS CLES: Bacterial pleural effusion; Pneumonia; Nosocomial infection; Sub-Saharan Africa; Antibiotic therapy.
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INTRODUCTION

Disease prevention and early detection remains a ma-
jor public health problem. In a hospital environment,
this prevention mainly concerns infections and their
mode of transmission: bacterial infections remain the
main cause of death in seriously ill patients [1].

The intensive and abusive use of antibiotics leads to
the selection of ever more resistant bacterial strains.
Antibiotic resistance constitutes one of the most seri-
ous threats to global health, food security and develop-
ment today [2].

These infections lead to prolonged hospitalizations,
increased medical expenses, and worsen morbidity
and mortality of hospitalized patients.

Certain departments, such as the pulmonology depart-
ment, are more concerned by the infectious problem as
they house immunocompromised subjects and there-
fore extremely sensitive to infections. Furthermore,
bacterial infections are common and represent the
second cause of hospitalization in the department. In
addition, the first summary evaluation of the bacterial
ecosystem of the pulmonology department of the
Cocody University Hospital (CHU) dates to 1986 [3],
which reflects the difficulty of targeting the probabilis-
tic antibiotic therapy proposed since this period.

The study of the bacterial profile in the pulmonology
department will allow us to rehabilitate probabilistic
antibiotic therapy so we will have a new therapeutic
approach to infections and a better predictive response
to future resistance. It is with this aim that we carried
out this study, the objective of which was to describe
the bacterial ecosystem of infections encountered in the
pulmonology department.

METHODS

Study framework

This study took place in the Pulmonology department
of the Cocody University Hospital, in hospitalization.
This service is located on the 12th floor of the said uni-
versity hospital. It has a 42-bed hospitalization unit, a
bronchial endoscopy unit, a smoking cessation unit,
and a voluntary HIV testing center.

Type of study

This was a retrospective study with a descriptive aim
over a period of 05 years from September 1, 2016 to
August 31, 2021. This period was chosen because dur-
ing this time we are many infections in the service.

Study population

Inclusion criteria
We included in the study all files of patients who were
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hospitalized during the study period in the Pulmo-
nology department and who benefited from bacteri-
ological research at the Pasteur Institute on a biologi-
cal sample whatever its nature. The biological sam-
ple was pleural effusion or sputum, urinal tip.

Non-inclusion criteria

We had excluded any unfound patient records; also,
any patient file whose bacteriological research was
negative and in whom the diagnosis of tuberculosis
was retained.

Progress of the investigation

Data collection

To carry out this work, we consulted the register and
files of patients hospitalized in the Pulmonology de-
partment of the Cocody University Hospital during
the study period. We process with an investigation
sheet containing the different items. we have listed
the files in the filing register. then we took file by file
to complete our investigation sheet.

for the bacteriological aspects we consulted the data-
base of the Pasteur Institute of Coted’Ivoire. We
complete the data with the head of bacteriological
service

Data relating to each patient were collected on an
individual computerized form.

Analysis settings

The variables studied concerned sociodemographic
characteristics (age, sex, profession, marital status),
clinical characteristics, bacteriological characteristics
(bacterial species and antibiotic sensitivity profile,
and evolution.

Data analysis

Qualitative variables were presented as a percentage
and quantitative variables as a mean * Standard De-
viation.

Data entry, processing and analysis were carried out
using EPI INFO software.

Operational definitions

During our study, all bacteria with intermediate sen-
sitivity or proven sensitivity were considered re-
sistant.

A pathogenic germs is said to be multi-resistant
when it is resistant to at least three different families
of antibiotics.

Pneumonia is said to be presumed bacterial when
they have a clinical presentation of bacterial pneu-
monia but without the germ having been isolated;
and they are called bacterial when the germ has been
identified.
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RESULTS

During the study period and according to the inclu-
sion criteria of our study, we collected 302 patient
files having been the subject of a bacteriological re-
search out of 2557 files recorded during the period.
the frequency is 11.81%.

In our study persons between [15 - 35 years old] are
15%, [36- 45 years old] 15%, [46-65 years old] 65%,
upper 65 years olds 5%. The average age in our pop-
ulation was 42 years with extremes between 15 and
87 years. Men represented 64.5% of the sample with
a sex ratio of 1.8. The informal sector represented
54.4%, unskilled workers 20,2%, household 5%, man-
ager 1%, , students 10%, middle manager 9,4% . The
patients came from the medical emergencies of the
Cocody University Hospital in 52% of cases. For life-
style, smoking was encountered at 38%. Medical his-
tory was represented by HIV at 23.5% followed by
tuberculosis at 15.6%.

Clinically, the symptoms evolved chronically in 80%
of cases. Dyspnea was found in 38.6% of cases fol-
lowed by chest pain in 14.1% of cases. Fever was pre-
sent in 75% of cases.

Anemia was noted in 78.2% of cases, a biological
inflammatory syndrome in 52% of cases then hydro-
electrolytic disorders in 49% of cases.

The pathologies selected were represented by bacte-
rial pneumonia in 15% of cases followed by pre-
sumed bacterial pleural effusion and presumed bac-
terial pneumonia in the same proportion at 14%
(Figure 1).

However, bacteriological samples were taken at least
72 hours after hospitalization in 61% of cases and the
microbial culture was positive in 117 out of 302 pa-
tients, in a proportion of 42%.

Percentage

Others G 12%
Infection of scab W 1%
Urinary infection N 3%
Infection of lung cancer NN 4%
COPD exacerbation NN 5%
Pneumothorax and bacterial pleural effusion  IEEEEEEEEEENGGNGNGNG 30
Infection of tuberculosis sequels  INIIIIEGEGGGNGGE 20
Presumed bacterial pleural effusion GG 30
Lung abscess NN 0%
Presumed bacterial pneumonia [ 14%
Bacterial pleural effusion confirmed NG 149
Bacterial pneumonia confirmed I 15%

0% 2% 4% 6% 8% 10% 12% 14% 16%

FIGURE 1. Distribution of patient files according to the
diagnosis retained.
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Bacterial culture was 100% (4/4) profitable when
done on the drain tip, 72% (13/17) on bronchio-
loalveolar washing fluid (BAL) and 44% (52/117) on
sputum (Figure 2). The polymicrobial character was
found in 17% of positive samples with 2 germs in
16% of cases and 3 germs in 1% of cases.

Others I 100%
Blood N 20%
Pleural effusion N 28%
Urine NN 30%
Bronchial aspiration NN 35%
Expectoration NN 141%
Bronchiolo-alveolar washing I 76.20%
Swab I 509
Pleural drain tip NG  100%
Urinary catheter tip I 100%

0% 20% 40% 60% 80% 100% 120%

FIGURE 2. Distribution of patient files according to the
profitability of the sample; Others (05): joint fluid, skin
abscess, foot wound, mandibular cellulitis.

Microbial profile

The distribution by family showed the predomi-
nance of enterobacterin which represented 49.1% of
the isolates, followed by non-fermentative Gram-
negative bacilli (BGN) at 29.1%, then staphylococca-
ceae at 12.7% and finally streptococcaceae at 11. .3%.
The overall study of species found Pseudomonas aeru-
ginosa and Klebsiella pneumoniae in the same propor-
tion at 26.4% followed by Escherichia coli at 10.4%
(Figure 3). The distribution by family showed the
predominance of enterobacteria which represented
49.1% of the isolates, followed by non-fermentative
Gram-negative bacilli (BGN) at 29.1%, then staphylo-
coccaceae at 12.7% and finally streptococcaceae at 11.
.3%. The overall study of species found Pseudomonas
aeruginosa and Klebsiella pneumoniae in the same pro-
portion at 26.4% followed by Escherichia coli at 10.4%
(Figure 3).

Pseudomonas aeruginosa T 76.4%
Klebsiella pneumoniae A 26.4%
Escherichia coli T 10.4%
Streptococcus sp D 7.6%
Staphylococcus coagulase negative D 6.3%
Enterobacter aerogenes D 5.6%
Staphylococcus aureys  M— 4.9%
Enterobacter doacae M 3.5%
Streptococcus groupe C 0 2.8%
Streptococcus pneumoniae I 1.4%
Morganella morganii I 1.4%
Klebsiella oxytoca 1 1.4%
Serratiamarcescens  0.7%
Citrobacter koseri @ 0.7%
Acinetobactersp 0.7%

00% 50% 10.0% 150% 20.0% 25.0% 30.0%

FIGURE 3. Distribution of patient files according to
species.
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Distribution of germs according to the years

During the first three years we observed that Klebsiel-
la pneumoniae was at the top of the list, but that Pseu-
domonas aeruginosa gradually remained the leader
over the last three years of study (Figure 4).

45.0%
40.0%
35.0%
30.0%

25.0%

S, ﬂ,lllmlb I

0.0%
2016 2017 2018 2019 2020 2021

m Acinetobacter sp m Citrobacter koseri

Enterobacter aerogenes Enterobacter cloacae

m Escherichia coli m Klebsiella oxytoca

m Klebsiella pneumoniae m Morganella morganii

m Pseudomonas aeruginosa mSerratia marcescens

m staphylococcus aureus m staphylococcus coagulase negative

Streptococcus groupe C Streptococcus pneumoniae

Streptococcus sp

FIGURE 4. Distribution of patient files according to bacteri-
al species over the years.

The study of the profile of bacterial resistance to the
main antibiotics

For non-fermentative Gram-negative bacilli
(Pseudomonas +++), Pseudomonas aeruginosa isolates
had expressed a resistance rate of 9.8% for ceftazidime
and 8.1% to imipenem. But we also noted resistance to
aztreonam (36%), ticarcillin (33.3%) and levofloxacin
(31.8%). On the other hand, these strains were sensi-
tive to fosfomycin (100%), meropenem (96.6%) and
amikacin (96%).

For the isolated enterobacteria strains, the highest level
of resistance was observed against ticarcillin (83.3%)
then with the amoxicillin-clavulanic acid combination
was 71.2%. These strains were sensitive to imipenem
(98.4%) and amikacin (98.1%).

Staphylococcus showed resistance to cefotaxime at
42.8% and to oxacillin at 11.7%. On the other hand, all
our strains were sensitive to vancomycin and levoflox-
acin.

Streptococcus showed high resistance to tetracycline
(69.2%) and erythromycin (50%).

The evolution of bacterial resistance to antibiotics
All bacterial strains showed resistance to amoxicillin
and clavulanic acid. This resistance was relatively sta-
ble around 60% during the first four years of study
with an increase of up to 80% during the last two years
of study. years 2018 and 2020 were the years in which
we recorded the highest percentage of ofloxacin re-
sistance at 63.6% and 50% respectively. The bacterial
strains had demonstrated increased resistance to ceftri-
axone with an increase of up to 66% during the last
two years of study (Figure 5).
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FIGURE 5. Evolution of antibiotic resistance over time.

Furthermore, as a treatment received in hospitaliza-
tion, dual antibiotic therapy was the combination
frequently observed at 45.7%. Before the antibio-
gram, the most frequent probabilistic antibiotic mol-
ecule was (51%) amoxicillin-clavulanic acid. After
the antibiogram, antibiotic therapy was adapted in
93.21% of cases.

The average length of patient hospitalization days
was 34.26 in patients with a positive bacteriological
culture.

Exit was authorized in 82% of cases. However, there
was a death rate of 14%.

DISCUSSION

Our study was a retrospective study based on the
analysis of medical records and laboratory data of
hospitalized patients. It presented as an essential
limitation its retrospective nature which does not
allow the analysis of a certain number of data such
as the community or nosocomial nature of our infec-
tions.

The average age in our population was 42 years. This
result was like that found by Abdelkarim S. in 2015
in Morocco [4] who found an average age of 40, but it
differs from that found by Aseray N. et al in Nantes
in 2008 with an average age of 71 years [5]. This ob-
served difference could be due to our much younger
general population.

We observed a male predominance of 64.5%. male
predominance was found in the study by Njall C. et
al in 2013 in Cameroon [6] while Davakan T et al in
2018 in Benin [7] found a female predominance.

Most of our patients worked in the informal sector
(54.4%). Which reflects the low level of our develop-
ing countries.

Concerning the origin, 80% of the patients had

already stayed in another department before being
admitted to a pulmonology hospitalization.
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This could account for the possibility of a poly-
infection with nosocomial and community germs.

Medical history was dominated by HIV at 23.5%.
This rate was much higher than that of the general
population, but close to that found in 2018 by Da-
vakan T et al in Benin [7]. HIV-AIDS immunosup-
pression is the essential driving force favoring the
occurrence of respiratory bacterial infection. In addi-
tion, HIV infection, sometimes with its opportunistic
conditions, constitute the essential risk factor for
community-acquired bacterial pneumonia [8]. It is
very prevalent with a proportion of 58% [9].

Smoking, which is also a factor in immunosuppres-
sion of the tracheobronchial tract, favoring bacterial
infections, was observed in 38% of cases. It is a real
public health problem with a prevalence of 20.3% of
the general population.

Concerning the diagnosis chosen, bacterial pneumo-
nia was the most represented at 15%. This result
agrees with those of Koffi N [10] and several other
African authors [11,12] who report that bacterial
pneumonia was the second cause of hospitalization
after tuberculosis.

Bacterial culture was positive in 42% of cases. The
result is like those found in a meta-analysis on the
microbiological diagnosis of community pneumonia;
it emerged that the etiological diagnosis was only
made in approximately 50% of cases, although with
large variations between studies [13].

Infections are therapeutic emergencies that require
the initiation of probabilistic antibiotic therapy with-
out delay. For this, most of these samples were taken
in hospital and were taken from patients already on
antibiotic therapy, which could have reduced the
profitability of the cultures.

Cultures are more profitable when it comes to bron-
chiolo-alveolar washing fluid compared to sputum
with a positivity rate of 76% and 44 % respectively. In
literature, difference is also observed; BAL culture
sensitivity ranges from 42 to 93%, with a mean of
73%. As for the Cyto-Bacteriological Examination of
Sputum , according to a meta-analysis, the sensitivi-
ty of the direct examination varies from 15 to 100%
in the diagnosis of community pneumonia . This va-
riability can be explained by different characteristics
of the populations studied, by the prior administra-
tion of antibiotics and depending on the reference
test used [14].

In our series, 83% of cultures isolated a single germ,
but in 17% of cases, several germs were found, inclu-
ding two germs in 16% of cases and three germs in
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1% of cases. Quartin A, found polymicrobial flora in
50.4% of nosocomial pneumonia [15]. In our study,
this profile could be linked to the fact that the pa-
tients had been admitted to various departments
before their hospitalization on the one hand and on
the other hand to the fact of their relatively long hos-
pital stay exposing them to nosocomial infection.

The distribution by families showed the predomi-
nance of Enterobacteria which represented 49.1% of
the isolates, followed by non-fermentative Gram Ne-
gative Bacilli at 29.1%, then staphylococcus at 12.7%
and finally streptococcus at 11.3%.

The main bacterial were Pseudomonas aeruginosa and
Klebsiella pneumoniae encountered in the same pro-
portion in 26.4% of cases, followed by Escherichia coli
in 10.4% of cases. These results differ from those of
Coulibaly N and Duchasin [3] according to this preli-
minary study in 1986 which found Streptococcocus
pneumoniae as the most frequent germ 31% but also
from those of Njall et al in 2013 in Cameroon [6]:
Escherichia coli (23.1%), followed by Acinetobacter bau-
mani (15.4%), Pseudomonas aeruginosa (15.4%), and
Staphylococcus aureus (15.4%).

Data from the SENTRY surveillance program, a mul-
tinational study, indicated that the first 6 etiological
agents often involved: Staphylococcus aureus 28%,
Pseudomonas aeruginosa 21.8%, Klebsiella sp 9.8%,
Escherichia coli 6.9% , Acinetobacter sp 6.8%, and Ente-
robacter sp (6.3%) caused 80% of all infections [16].

This diversity encountered in these different studies
may be since bacterial ecology varies greatly from
one country to another, from one city to another and
even from one service to another. This heterogene-
ous distribution of germs responsible for infection is
explained by the difference in the type of microbio-
logical analysis leading to the diagnosis, by the exist-
ence of prior systemic antibiotic therapy, by the type
of patient studied (medical, surgical, or traumatic),
the existence of comorbidity, the length of stay in the
department and the invasive procedures the patient
received.

However, our study allows us to draw some obser-
vations. First, Klebsiella pneumoniae was at the top of
the list during the first three years of the study, but
was gradually overtaken by Pseudomonas aeruginosa
which remained the leader in recent years. We are
witnessing an emergence of nosocomial infections.
Pseudomonas aeruginosa were for the most part multi-
resistant strains due to the resistance expressed to
imipenem (8.1%), ceftazidime (9.8%), aztreonam
(36%), ticarcillin (33.3%) and levofloxacin (31.8%). It
is time for us to question the quality of care we pro-
vide given that nosocomial infection is an indicator
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of poor quality of care [17]. hospital hygiene must be
questioned, from simple hand washing to the most
invasive medical procedures. These results could also
reflect the hygiene and maintenance of our hospitali-
zation services characterized by insufficient quality
and frequency of bio cleaning, disinfection, and sterili-
zation.

Our bacterial strains showed increased resistance to
amoxicillin-clavulanic acid. resistance was relatively
stable around 60% during the first four years with an
increase of up to 80% during the last two years.

It could be explained by the fact that the amoxicillin-
clavulanic acid combination is the most used antibiotic
in probabilistic treatments (51%), moreover its use has
increased since the advent of the Covid 19 pandemic.
fact that it is part of the therapeutic strategy in force in
Cote d’Ivoire.

Bi-antibiotic therapy was the most frequent combina-
tion (45.7%) and the adaptation of this therapy after
antibiogram improved patient survival. This same ob-
servation was made by Coulibaly et al in 2014 in Mali
[18] while in France in 2008, Asseray et al described
monotherapy as the most used regimen (72%).

CONFLIT D’'INTERETS
Non.
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