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Abstract
Severe stroke may necessitate intensive care unit admission,

but there is a heightened risk of acquiring infection with use of
ICU devices. Data regarding infection, pathogens and microbial
resistance amongst stroke patients admitted into the ICU is scanty
in Nigeria. This study aims to describe the infections, pathogens
and antibiotics resistance pattern amongst stroke patients admitted
into the ICU. It was a retrospective study. The ICU admission
records of all stroke patients at the University of Benin Teaching
Hospital from January 2014 to September 2019 were reviewed.
The data obtained were the demographics, the types of stroke,
results of microbiological studies on endotracheal aspirates, urine
specimen, blood specimen, wound swab, vascular catheters, uri-
nary catheters and the antibiogram pattern. One hundred and eight
stroke patients were admitted into the ICU during the 5-year under
review. The mean age was 61.8 with 51% being females and 52%
having ischemic stroke. Seventy-five percent of the stroke patient

had hospital acquired infection. Ventilator associated pneumonia
accounted for 67.1% of infections, urinary tract infection was
22.8%, and blood stream infection 6.3% while 3.7% had infected
decubitus ulcers. Microbial isolates where, Enterobacter sakazakii,
accounting for 43.5%, Klebsiella pneumonia 13%, Escherichia
coli 11.1%, and Proteus mirabilis 7.4% while 48% had
Plasmodium falciparum infection. The micro-bacteria isolates
were multi-antibiotics resistant, with the highest resistance for co-
trimazole, cefuroxime and ceftazidime. The stroke patient in the
ICU is susceptible to developing drug resistant hospital acquired
infections, which could increase mortality. Ensuring minimal cases
of ICU infection with continuous antimicrobial surveillance and
robust antibiotics policy should be the goal. 

Introduction
Stroke is a leading cause of morbidity and mortality world-

wide, with an even higher incidence in black populations.1,2

Patients suffering a severe stroke may require close monitoring and
resuscitation in the intensive care unit to prevent deterioration, sus-
tain clinical stabilization and improvement. The indications for
stroke patient admission into the intensive care unit, are varied
including the need for mechanical intubation for ventilation, raised
ICP with poor response to interventions, unresponsive epilepticus,
worsening levels of unconsciousness, general medical complica-
tions such as pulmonary embolism, cardiac arrhythmias, hypoten-
sion or overwhelming septicemia with hemodynamic instability.3-5

Additionally, extensive acute middle cerebral artery occlusion,
acute basilar occlusion and cerebellar or brainstem hemorrhage
could result in ICU admission.6,7 The assessment, care and resus-
citation the stroke patients undergoes in the ICU involves meticu-
lous medical, nursing and physiotherapy care, including mainte-
nance of respiratory and cardiovascular stability

The admission of patients into the ICU is not without its chal-
lenges including, the acquisition of infection. Hospital-acquired
infections are highly prevalent in the ICU and these have been
associated with the use of invasive devices, including endotracheal
tubes, vascular and urinary catheters. The severity of the clinical
state of ICU patients, the need for frequent antibiotic use and the
development of antimicrobial resistance does complicates the situ-
ation.8-11 In low and middle-income countries the rate of hospital
acquired infection is about 5.7% to 19.1% according to WHO esti-
mates, but with an even higher infection rate in the ICU ranging
from 4.4% to 88.9%.12 It has been observed that in the developing
world, the infection rate in the ICU is three times as high as in the
western world.10,12

A 14-nation European study revealed that 8% of patients on
admission in the ICU for more than two days had at least one ICU-
acquired infection, with 6% developing pneumonia, 4% having
bloodstream infection and 3% with urinary tract infection. Ninety-
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eight percent of pneumonia and 48% of UTI was associated with
intubation and catheterization.13-15

The most isolated micro-organism in this large study included
Pseudomonas, Staphylococcus aureus, Escherichia coli, klebsiella
spp, and Enterobacter Acinetobacter baumannii.13-15

The patients on admission in the ICU are already in critical,
poor clinical conditions and having infections with resistant
microbes can only compound their situation, which would translate
to prolonged admission, additional costs, and higher mortality.9-11

To the best of our knowledge we are not aware of any study
that has described the prevalence, pattern of infections, microbial
isolates and antibiotics resistance amongst stroke patients admitted
into ICU in Nigeria. Earlier studies in Nigeria16-20 and other parts
of Africa21-24 regarding infections in the ICU involved all ICU-
admitted patients irrespective of the diagnosis.

This study aims to describe the infections and pathogens the
ICU-stroke admitted patients acquires and the resistance pattern of
the microbial isolates. This would provide an understanding of the
infection profile, guide therapy of these ICU-stroke admitted
patients and strengthen infection control measures in critical care
settings.

Materials and Methods 
This was a retrospective study. It involved the review of the

medical records of all the stroke patients admitted into the inten-
sive care unit at the University of Benin Teaching Hospital, from
January 2014 to September 2019. The ICU is a nine bedded, mixed
unit, for medical and surgical cases with two specialist anesthetists
and several residents. It is capable of providing complex multi-sys-
tem life support. Ethical approval was obtained from the Ethics
and Research Committee of the University of Benin Teaching
Hospital. The review of the medical records was based on the
Center for Disease Control (CDC) definition of hospital acquired
infection, which is any infection acquired and developing at least
48-72 hours after admission, and the device-related infection as
defined by the National Nosocomial Infection Surveillance System
(NNIS).25,26

The paper records showed that microscopy, culture, speciation
and sensitivity was done by one of the authors, on the following: i)
Swab from materials for intubation; ii) Blood film for malaria par-
asite, thick blood film by oil immersion microscopy x 100 objec-
tive; ii) Culture of bronchial lavage aspirate; iv) Intravenous
catheter specimen for MCS; v) Urine Catheter specimen for MCS;
vi) Blood culture by BACTEC method; vii) Swab from decubitus
ulcer for MCS. All specimens following collection were transport-
ed immediately to the microbiology laboratory within a space of
15 minutes. Antimicrobial susceptibility screening used eleven dif-
ferent antibiotics during the 5-year period under review, with six to
eight antibiotics disc at a time per agar plate by the Kirby Bauer
disc diffusion technique. The incubation period for Plasmodium
falciparum is 8 to 14 days, therefore a new case of malaria was
determined by parasitaemia occurring on day 8th of admission with
symptoms or symptoms following transfusion of blood containing
malaria trophozoites.27 Infection of intravenous catheter deter-
mined when culture of tip of intravenous catheter had a growth of
15 colony forming units/mL and above. Urine and urine catheter
tip growth of more than 105 colony forming unit (C.F.U)/mL. Any
growth from the blood culture using the BACTEC method is sig-
nificant. Intubation devices are meant to be sterile so pure growth
from intubation materials indicate infection. Data extracted using a
standard pro forma included age, gender, type of stroke, year of

admission, microbial isolates and antibiogram. The statistical
analysis was performed using SPSS version 21. This was a
descriptive study and the main analysis was descriptive, with con-
tinuous variables presented as means, median, standard deviation
and range while frequency and percentages was used to summarize
categorical variables. 

Results
One hundred and eight stroke patients were admitted into the

intensive care unit between January 2014 and September 2019.
The mean age was 61.8 with an age range of 38 to 95years. The
age range 66 to 70 years had the highest numbers of stroke ICU
admission. Fifty-two percent had ischemic stroke while 48% were
hemorrhagic stroke. Fifty-three of them were males while 55 were
females. Seventy-five percent of the stroke patient on admission in
the ICU had hospital acquired infection. Fifty-two had malaria
infestation, which accounted for 48% of the infections of which
39.7% are males and 60.3% were females, Table 1. The total num-
bers of isolates had increased over time with the malaria isolate
increasing more in the last three years. About 86.5 % (45/52) of the
stroke patient who had blood transfusion had malaria parasitemia.
Amongst the bacteria isolates, Enterobacter sakazakii accounted
for 43.5%, of infections, while Klebsiella pneumonia 13%,
Escherichia coli 11.1%, and Proteus mirabilis 7.4%. The micro-
bacteria isolates were multi-antibiotics resistant, with organisms
having the highest resistance for co-trimazole, cefuroxime, cef-
tazidime. There is also some resistance to co-amoxiclav and ceftri-
axone. Escherichia coli and Klebsiella pneumonia showed resist-
ance to virtually all the earlier antibiotics before meropenem intro-
duction Table 2. Isolates were obtained from, fifty-two blood spec-
imen materials (malaria-parasites), fifty-three endotracheal speci-
men materials (Enterobacter sakazakii, Klebselle pneumonia), 18
urine samples (Enterobacter sakazaki, Escherichia coli, Proteus
mirabilis, Klebselle pneumonia), 5 blood culture specimen,
(Enterobacter sakazaki) and 3 decubitus ulcers specimens (Proteus
mirabilis). The infection pattern comprised of ventilator associated
pneumonia accounting for 67.1% of infections, urinary tract infec-
tion 22.8%, and blood stream infection 6.3% while 3.7% had
infected decubitus ulcers. 

Discussion
This study revealed that about three-quarters (75%) of the

ICU-admitted stroke patients had Hospital acquired infections, this
is the observation in several studies in which though the numbers
of beds in the intensive care unit are proportionally small com-
pared to the other wards, it is said to have about the highest rates
of hospital acquired infections in many centers.9,10,15,28,29 The poor
admitting clinical state of patients, the need for invasive devices,
extended admission period and prolonged antibiotics use could be
accountable.9,10,15,16,21

This study revealed that in the period under review (2017 to
2019), the year following had more microbial isolates than the pre-
vious year. It is possible there was a yearly increase in ICU admis-
sions of the stroke patients especially with increased awareness of
stroke and the availability of neuro-imaging that assist in diagnosis
and assessment of severity of the stroke. Such an increase in the
infection pattern over time have similarly been observed.9,10,28,29

A marginally more female stroke patient than male patients
were admitted into the ICU in the study, this is unlike the general
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higher prevalence of stroke occurring in males than in females,
most likely this picture is reflective of severity or clinical deterio-
ration requiring attention. Those in their prime of life, the middle
aged and elderly were the most stroke patients in the ICU from our
study. The lower prevalence in the very old might be explained by
the higher mortality in this age group, while the few numbers in
younger age is in keeping with the fact that this age is the least
demographic group at risk for stroke. The stroke type admitted into
the ICU are about the same in number, again this is in contrast to
the pattern of a higher proportion of ischemic strokes than hemor-
rhagic in the community or stroke ward, as the ICU is dedicated for
a more sever stroke irrespective of the type.

Plasmodium Falciparium malaria was the most prevalent
infection amongst the stroke patients admitted into the ICU in this
study. This is explained by the fact that the ICU is located in a
malaria endemic area, with patients exposed easily to infected
mosquitoes. Although the windows and doors are netted, with the
opening of the doors the mosquitoes gain entrance into the unit and
infect patients since their individual beds are not netted.
Additionally there is non-utilization of insecticides because of the
clinical conditions of patients. Majority of these patients in the

ICU have poor clinical conditions requiring blood transfusion, and
with regards to our stroke patients over three-quarters, had transfu-
sion and this is a source of transmission of the malaria parasites. It
is quiet noteworthy that this pattern is made obvious from this
study as fever in the ICU could easily be thought to be due to some
more exotic causes without consideration of the commoner malaria
fever, such an omission can only cause further deterioration in the
patient’s condition as fever is known to impact negatively to stroke
recovery. Majority of these ICU-admitted stroke patients devel-
oped resistant Plasmodium Falciparium infections, since repeated
microbiological studies were positive for Plasmodium
Falciparium in spite of adequate antimalarial treatments, hence the
need for closer microbiological studies in these patients. 

The bacteria isolates in this study were mainly gram-negative
organism, which has similarly been observed in other works.30,31

Enterobacter sakazakii was the most isolated bacteria in this study,
a gram negative motile rod. It is a particularly rare strain of the
Enterobacteriaceae family, a ubiquitous organism found in the
environment, in humans and plants and resistant to protocol meant
to ensure hygiene in the hospital.32 In this study it was isolated
from endotracheal materials, the urine and blood, causing pneumo-

                             Article

Table 1. Demographics and infection pattern of 108 stroke patients in the ICU. 

Gender                                                            Male n (%)                        Female n (%)                        Total                                           

Age range                                                                                                                                                                                                                                                                    
       <55years                                                                             6(5.6)                                               9(8.3)                                            15                                                     P =0.71
       55 to 64 years                                                                  23(21.3)                                           21(19.4)                                          44                                                            
       >64 years                                                                         24(22.2)                                           25(23.1)                                          49                                                            
Type of stroke                                                                                                                                                                                                                                                            
       Ischemic stroke                                                             26 (46.4)                                          30 (53.6)                                         56                                                            
       Hemorrhagic stroke                                                      27 (51.9)                                          25 (48.1)                                         52                                                            
Infection                                                                                                                                                                                                        
       Enterobacter sakazaki alone                                       12(63.6)                                            7(36.4)                                           19
       Enterobacter sakazaki with malaria                          14(66.0)                                            7 (34.0)                                          28
       Eschericher coli alone                                                   3 (42.9)                                            4 (57.1)                                           7
       Eschericher coli with malaria                                        1(20.0)                                             4 (80.0)                                           5
       Klebsiella pneumonia alone                                        3 (37.5)                                            5 (62.5)                                           8
       Klebsiella pneumonia with malaria                           1 (16.7)                                            5 (83.3)                                           6
       Proteus mirabilis alone                                                  2 (33.3)                                            4 (66.7)                                           6
       Proteus mirabilis with malaria                                            �                                                  2 (100.0)                                          2
       Malaria infection                                                            21(39.7)                                           31(60.3)                                          52
       Malaria following blood transfusion                         21 (47.3)                                          24 (52.7)                                         45

Table 2. Antibiogram of microbial isolates from 108-stroke patients in the ICU. 

                                        Enterobacter sakazakii               Escherichia coli                 Klebsiella pneumonia                  Proteus mirabilis

Ampicillin                                                          R                                                           R                                                            R                                                            SSS
Ceftriaxone                                                    SSS                                                        SS                                                           R                                                              R
Co-trimoxazole                                                R                                                           R                                                            R                                                              R
Gentamicin                                                      SS                                                          R                                                          SSS                                                           ─
erythromycin                                                   SS                                                          R                                                            R                                                             SS
Co-amoxiclav                                                  SSS                                                         R                                                            R                                                             ─
Levofloxacin                                                   SSS                                                        ─                                                        SSS                                                          SSS
Cefuroxime                                                      R                                                          ─                                                           R                                                              R
Imipanem                                                        ─                                                        SSS                                                        ─                                                            SS
Meropenem                                                    ─                                                        SSS                                                        ─                                                            ─
Ceftazidime                                                      R                                                           R                                                            R                                                              R
SSS= sensitive, SS= intermediate sensitivity, R=resistant.
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nia, urinary tract infections and septicemia. This is the observation
from other workers with similar infection patterns.33-35 The notori-
ety of Enterobacter sakazakii is said be facilitated by the poor clin-
ical state of the patient and prolonged antibiotics exposure. Such
antibiotic use alters the microbiota, which provides a favorable
milieu for colonization and infection.33,34 Enterobacter sakazakii
isolate showed resistance to several commonly used antibiotics
including co-trimoxazole, ampicillin, and cefuroxime while having
intermediate sensitivity to gentamicin and erythromycin.

Klebsiella pneumonia was the next isolated bacteria in this
study. A non-motile rod, an enteric organism of the
Enterobacteriaceae family. It was cultured from endotreacheal
material and urine in this study, where it caused pneumonia and
UTI. Infection by Klebsiella pneumonia is enabled by the poor
clinical state of patient, prolonged antibiotics exposure and use of
devices.34-36 This colonization of the respiratory tract, causing
pneumonia and catheter associated UTI in the critical patient by
Klesbsiella pneumonia has been reported previously.34-36

Klesbsiella pneumonia isolate was found resistant to seven fre-
quently used antibiotics, including co-trimoxazole, erythromycin,
ampicillin, co-amoxiclav, ceftriaxone, cefuroxime and cef-
tazidime. Klesbsiella pneumonia is known to have a high tendency
for attaining resistance and similar resistance patterns have been
reported.34-36.

Escherichia coli a Gram-negative bacteria, a gut resident, was
the third commonest isolate in our study, and was mainly isolated
from urine. It is established as the most common causative organ-
isms in uncomplicated and complicated UTI associated with
catheter insertion.37-39 Escherichia coli was shown to be multi-
antibiotic resistant to ampicillin, co-trimoxazole, gentamicin,
erythromycin, co-amoxiclav, and ceftazidime in our study. Wide
spread Escherichia coli resistance to several antibiotics is well
documented.37-42 In this study Proteus mirabilis was the least iso-
lated, a gut resident a normal flora of fecal matter. It was isolated
from the urine samples and swabs from pressure ulcers. It is flag-
ellated and swarms considerably (highly motile organism) infect-
ing decubitus ulcer, contaminating the urethra and colonizing the
urinary catheter even at some distance. Other studies have had
about the same findings.9,10,11,43 Proteus mirabilis was similarly
resistant to almost all the commonly used antibiotics drugs includ-
ing ceftriaxone, cotrimoxazole, cefuroxime and ceftazidime is well
established.8,9,10,31

Majority of the isolates were sensitive to levofloxacin, while
co-trimoxazole, ampicillin, cefuroxime and ceftazidime had the
highest resistance. Erythromycin and ceftriaxone had about fifty
percent resistant from the isolated organism. Antibiotics pressure
from prolonged use and the transference of mobile genetic ele-
ments, does facilitate acquisition of resistance to commonly used
antibiotics. This is in addition to natural resistance of many of
these microbial isolates from the ICU. This pattern of antibiotics
drug resistance narrows the choice of antibiotics and severely lim-
its the treatment options of these stroke patients.

Therapeutic and diagnostic invasive devices are the main nidus
of infection in the ICU. These involves mechanical ventilation,
central venous catheterization, invasive pressure monitoring, uri-
nary catheterization

The endotracheal materials were the commonest sources of
isolate in this study, which is akin to ventilator use, with three-
quarter of the micro-organisms isolated from this device.
Ventilator associated pneumonia is prominent in the ICU amongst
device infections and has been well documented.8,9,10,44,45 Catheter
associated UTI was the second commonest device associated
infection in this study. Majority of ICU admitted patients would

need catheterization for reason of quantifying the urinary output,
but the stroke patient is especially likely to be catheterized.
Language deficit, loss of consciousness, and neurogenic bladder
are amongst the reason for this. UTI from catheter placement is a
frequent occurrence in stroke patients.3,6,8,10

Blood stream infections from aerobic blood culture studies
associated with use of intravenous devices was the next in this
study. This pattern of ventilator associated infection then catheter
associated infection followed by blood stream infections have been
similarly reported.10,31,46-49

The numbers of isolates from pressure ulcer was least, proba-
bly because of a short transition time at the ICU, a limited time for
ulcer development, frequent turning of patients and the use of air
mattresses. 

The study was limited by its retrospective design, with the
authors having no total control over the standard or comprehen-
siveness of the data retrieved. The participants were not recruited
prospectively, or immediately on admission into the ICU as a con-
sequence some of the infections reported might have been acquired
outside or before the ICU admission, either in the community or
the stroke ward. This may have accounted for the high infection
rate observed. A second limitation was that the record showed that
ESBL (Extended spectrum β lactamase) was not tested for in these
gram negative isolates. Thirdly anaerobic studies were not done

Conclusions
The intensive care unit is a specialized unit with multi-discipli-

nary engagement, involving the use of gadgets, devices for respi-
ratory, cardiac, and renal support, but in spite of these, acquisition
of drug resistant nosocomial infections is a common occurrence
and this worsens morbidity and the mortality. Ensuring minimal
cases of nosocomial infections in the ICU entails multi-discipli-
nary approach, with continuous antimicrobial surveillance, robust
antibiotics policy and stewardship. Aggressive infection control
measures are needed to reduce infections in critical care settings
including, preventing patient to patient spread, hand washing and
equipment hygiene while avoiding unnecessary prolonged device
application, training and re-training of ICU staff.

A prospective study, involving anaerobic culture studies, test-
ing of ESBL, while using modern molecular techniques is recom-
mended so as to give a clearer picture.
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