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Abstract

Objective: The objective of the study was to describe our clinical experience in meningitis associated with health care 
(MAHC). Methods: A  retrospective study included pediatric patients, with MAHC, from 2010 to 2017. Parametric variables 
were evaluated by media, standard deviation, media and interquartile range. Non-parametric variables were described by 
reasons and proportions, Chi-square IC 95%. Significant variables (p < 0.005) were evaluated by bivariate logistic regression 
model to identify related risks for adverse evolution. We obtained the approval of the research ethics committee of our hos-
pital for publication of this data. Results: A total of 114 cases of MAHC in children were analyzed. There were Gram-negative 
bacilli (62.6%) and ESBL producers (42.4%). Mortality was higher amongst cases exposed to more than three antibiotics 
OR = 5.50 (IC 95%, LI 0.996, LS 30.36) sig 0.050 mortality correlation 0.847. Conclusions: Gram-negative bacteria are fre-
quent in MAHC, mortality was correlated to exposition more than three antibiotics.
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Experiencia en tratamiento de meningitis y ventriculitis asociada a los cuidados de la 
salud en pacientes pediátricos

Resumen

Objetivo: Describir experiencia clínica en tratamiento de MACS. Métodos: Estudio retrospectivo en pacientes pediátricos 
con MACS durante 2010 a 2017. Variables paramétricas evaluadas con medias, desviación estándar y rango intercuartil. Va-
riables no paramétricas por razones, proporciones, Chi cuadrada IC 95%. Variables significativas (p < 0.005) evaluadas por 
modelo de regresión logística bivariada para identificar riesgos de evolución adversa. Resultados: 114 casos de MACS en 
niños con predominio de gramnegativos (62.6%) BLEE (42.4%). Mortalidad mayor entre casos expuestos a más de tres 
antibióticos OR = 5.50 (IC 95%, LI 0.996, LS 30.36) sig. 0.050, correlación con mortalidad 0.847. Conclusiones: Las bacte-
rias gramnegativas son más frecuentes en MACS, con mortalidad correlacionada a exposición con más de tres antibióticos. 
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Introduction

Meningitis associated with health care (MAHC) or 
nosocomial origin, usually of bacterial etiology, can be 
a consequence of invasive procedures: craniotomy 
(0.8-1.5%) internal ventricular catheters (4-17%) or ex-
ternal (8%), lumbar puncture (×1 every 50,000), intra-
thecal infusion of medications, spinal anesthesia (0.8-
5%), complicated head injury (1.4-25%), or metastatic 
infection in patients with acquired bacteremia1-3. MAHC 
episodes can be diagnosed during the hospitalization 
period and up to one year after its onset. It is often 
produced by multiresistant bacteria, unlike the bacteria 
that cause community meningitis4.

In recent years, there has been a reported decrease 
in the incidence of MAHC, although report of permanent 
sequels and frequent association with coagulase-nega-
tive Staphylococcus persists; nevertheless, participa-
tion of Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, Escherichia coli, and Acinetobacter baumannii 
are relevant; often multidrug-resistant (MDR), especially 
related to use of broad-spectrum antibiotics5-9.

The term MDR refers to the expression of bacterial 
resistance to at least one agent in ≥ 3 antibiotic cate-
gories. We define a bacterium as extra drug resistant 
(XDR), when it is not susceptible to more than one 
antimicrobial agent in at least two antibiotic categories. 
Resistant bread (PDR) refers to bacterial expression of 
resistance to all antibiotic categories; particularly, values 
of minimum inhibitory concentration (MIC) are more 
useful than category of sensitive, intermediate, or 
resistant10.

Mortality related to MAHC ranges from 9% to 33% 
depending on the causative agent11,12. The objective of 
this study is to describe our clinical experience in 
MAHC treatment through the evolution of cases.

Methods

We carried out a retrospective, descriptive study, be-
tween 2010-2017. All pediatric patients hospitalized with 
a diagnosis suggestive of MAHC in the pediatric divi-
sion of the Civil Hospital of Guadalajara “Fray Antonio 
Alcalde” were included in a non-randomized sample 
(for convenience).

Hospital Civil de Guadalajara Fray Antonio Alcalde, 
a 1000-bed it is a tertiary care teaching hospital. The 
hospital provides services to the Jalisco state and its 
capital, Guadalajara, the second-largest city in Western 
Mexico, as well as to surrounding states. The hospital 
consists of adult and pediatric beds. All of the pediatric 

units are located in one building. There are two neona-
tal intensive care units (ICUs) and one pediatric ICU. 
In 2018, there were 7398 patients discharged from the 
pediatric ward; 300 patients were submitted to neuro-
chirugica treatment.

Patients who met the clinical and laboratory criteria 
issued by the Centers of Disease Control and Preven-
tion (CDC)’s National Healthcare Safety Network of 
2017 (NHSN), and the official Mexican Standard of 
Epidemiology for Disease Prevention and Control 
NOM-026 SSA2-1998 were included in the study. 

We review patients from 1  month to 14  years and 
11 months of age who, having undergone some neuro-
surgical procedure such as placement of Ventricular 
Peritoneal Shunt Valve (VPSV), drainage of hematoma, 
biopsy or resection of brain tumor, among other proce-
dures without other evident focus of infection. They de-
veloped meningitis data in the following 14 days and up 
to 1  year after placement of cerebrospinal fluid (CSF) 
drainage devices, which were also accompanied by 
MAHC definition.

Definition

According to the Meningitis and Ventriculitis Manage-
ment Guidelines of 2017 CDC/NHSN associated with 
health care are defined, as a patient with bacterial 
growth in CSF culture, or a patient with at least two 
signs and symptoms of fever > 38°C or hypothermia 
< 36°C, headache, apnea, bradycardia, irritability, crani-
al or meningeal signs, in addition to abnormal analysis 
of CSF cytochemistry (hyperproteinorrachy, hypoglycor-
rhachia, and hypercellularity for central laboratory rang-
es); organisms seen in Gram-stain, bacteria grown in 
CSF and blood.

Demographic data, comorbidities, clinical manifesta-
tion, as well as microbiological and radiological reports 
of patients, were recorded together with the antibiotic 
treatment and its duration. Bacterial isolates in blood 
and CSF as well as the determination of bacterial anti-
biotics sensitivity were analized by antibiogram per-
formed by VITEK 2 automated method. Durham Califor-
nia, based on the Clinical and Laboratory Standards 
Institute (CLSI) formerly the National Committee for 
Clinical Laboratory Standards as well as the final evo-
lution of each case such as: therapeutic failure, cure, 
death, relapse or reinfection, were evaluated by at least 
two infectious pediatricians and the information of cas-
es was registered on an Excel database and analyzed 
by means of Statistical Package for the Social Sciences 
IBM SPSS 23.0
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Ethics

Standard treatment for nosocomial meningitis was 
administered to all patients. The study was approved 
for its execution and publication by the research ethics 
committee of the Civil Hospital of Guadalajara “Fray 
Antonio Alcalde” with registration number 026/18.

Statistic analysis

Parametric variables were evaluated with means, 
standard deviation, and interquartile range. Non-para-
metric variables were described by means of ratios, 
proportions, compared with Chi-square 95% CI. All 
significant variables (p < 0.05) were subjected to a bi-
variate logistic regression model, to identify risk factors 
related to adverse evolution.

Results

Demographics

Between 2010 and 2017, we collected clinical data 
from 118 episodes of MAHC from 86  patients. We 
exclude four cases due to insufficient data.

Included patient’s ages were from 1 to 200 months 
of age in their majority; they were carriers of meningitis 
associated with VPSV (44/51.7%).

Once the MAHC diagnosis was made, the shunt de-
vice was removed within the next 24-72 hours; in each 
case the patients were subsequently subjected to the 
placement of an external CSF device.

Change of ventriculostomy was carried out every 
7-10  days, until obtaining bacterial negativization, with 
subsequent resolution of infectious process, for 

Table 1. Demographic characteristics in 114 episodes of nosocomial meningitis

Variable Value (%) Media Desv. Std. Inter quartil range

Age months 45.7 31.9 37.5

Male
Female

49 (43)
65 (57)

Hospital stay 46 32 35

CVC* time 96 (84.2) 24 21 34

Previous antibiotics 82 (72) 3 3.1 3

VPSV** (days postinsertion) 57 (50) 79 156 90

Ventriculostomy (duration days) 63 (55) 6 8.5 10

Neurochirurgic procedure 60 (52.6)

CSF fistula† 20 (17.5)

Agents in CSF
Gram‑negative bacteria
Gram‑positive bacteria
Candida
Polymicrobial
Negative

59 (51.7)
33 (29)
4 (3.5)
7 (6.1)

11 (10.5)

Leucocytes (×109) 14.500 6.869 10610

Plaquetas (×109) 453.254 155.783 256.700

CRP‡ (mg/dL) 96.6 102.1 144.6

PCT§ (mmol) 9.3 27.7 3.32

CSF glucose (g/L) 29.6 27.5 39

CSF protein (g/L) 8.1 2.4 0.694

CSF cells 3851 16587 432

*Central venous catheter. 
**Ventricular peritoneal shunt valve.
†Cerebrospinal fluid. 
‡C‑reactive protein. 
§Procalcitonin.
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replacement of a new CSF derivation system, when it 
was necessary.

Two-thirds of patients received antibiotics before 
admission for their treatment, on average three antibiot-
ics; 80% of children required antibiotics infusion through 
central venous catheter, 23 days on average (Table 1).

Treatment and evolution

We started an antibiotic scheme guided by a Gram 
stain of CSF. According to our epidemiology, included 
for treatment vancomycin and cefepime prescribed at 
weight and meningeal doses.

In case not having growth in the first CSF culture, 
treatment was directed based on Gram-stain findings 
and subsequent CSF cultures, taking into account in 
addition, results of blood cultures for its final classifica-
tion as Gram-positive bacterial meningitis, Gram-neg-
ative bacterial meningitis, mixed bacterial meningitis or 
by Candida species.

Single or polymicrobial etiology, and consistent on 
bacterial or yeast growth were obtained from a first CSF 
culture on 89.5% of the samples.

Bacteremia associated with meningitis was isolated 
in 28/100 cases, but only 7% (8/28) of those were re-
lated to the same causative agent. Bacteremia of a 
different etiology associated with catheter was consid-
ered as a coinfection with meningitis.

We obtained an isolation of 71 Gram-negative strains 
(62.6%). Derived from antibiotic resistance phenotype 

producing extended-spectrum beta-lactamases (ESBL) 
in Gram-negative bacteria, these strains received mero-
penem alone or in combination with rifampicin. Two 
strains of Elizabethkingia meningoseptica were resis-
tant to vancomycin and treated with trimethoprim/
sulfamethoxazole.

The most common Gram-negative agent in meningi-
tis cases was A. baumannii 30  (42.25%), all of these 
cases were considered as a therapeutic failure second-
ary to meropenem resistance.

In addition, 15 cases (21.1%) of Gram-negative bac-
terial infection, among them: P. aeruginosa, 
K. pneumoniae, and E. coli; they did not show clearing 
of CSF in more than 10  days of treatment also with 
clinical symptoms, they were considered with therapeu-
tic failure to cefepime and meropenem, even though 
the antibiogram showed sensitivity to meropenem.

All these cases received colistimethate intravenously 
at a dose of 10 mg/kg (125,000 IU), and intrathecal at 
a dose of 10 mg/kg of impregnation followed by 
5 mg/kg (75,000 IU) per day, in addition to oral rifam-
picin, until CSF clearing.

Among the Gram-positive bacteria, a strain of 
Enterococcus faecium was resistant to vancomycin and 
linezolid; it received 4  weeks of treatment with dapto-
mycin. Finally, four cases with meningitis due to methi-
cillin-sensitive Staphylococcus aureus (MSSA) were 
treated with vancomycin/rifampicin combination for 
20 days, on average 16 days and sensitivity to vanco-
mycin with a MIC < 1 μg/mL, all cases were coinfected 

Table 2. Evolution of 114 cases of MACS according to the type of agents isolated in CSF

Etiology Healing Reinfection Death Death OR Total

n (%) n (%) n (%) IC 95%

Gram‑positive
CNS
MSSA
MRSA
Enterococcus

11 (50)
0

2 (50)
7 (63.6)

6 (27.3)
1 (25)
2 (50)

2 (18.2)

3 (13.6)
3 (75)

0
1 (9)

0.78
5.1

0.52

0.21 ‑2.03
2.50‑10.64
0.08‑3.46

22 (19.3)
4 (3.5)
4 (3.5)

11 (9.7)

Candida 4 (66.6) 1 (16.6) 1 (16.6) 1 0.27‑8.78 6 (5.2)

Gram‑negative
GNB MR
GNB ESBL

16 (50)
13 (46.4)

11 (34.4)
10 (35.7)

6 (18.8)
3 (10.7)

1.18
0.57

0.49‑2.84
0.18‑1.83

32 (28)
28 (24.6)

Other 2 (28.6) 3 (42.9) 2 (28.6) 6.29 0.52‑2.68 7 (6.1)

Total 48 (42.1) 36 (31.6) 19 (16.6) 114 (100)

CNS: central nervous system; MSSA: Staphylococcus aureus sensitive methicillin; MRSA: methicillin‑resistant Staphylococcus aureus, GNB MR: gram‑negative bacteria 
meropenem resistant; GNB ESBL: gram‑negative bacteria extended‑spectrum beta‑lactamase producer.
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by Gram-negative nosocomial agents producing ESBL 
or by fungemia.

Distribution of cure rate, death, and reinfection out-
come between different bacterial and fungal etiologies 
was similar, no differences were found by means of 
Chi-square analysis (Table 2).

Complications

In 51 episodes (44.7%), we recorded at least one 
nosocomial acquisition coinfection, there was predom-
inance of catheter-associated bacteremia (28/24.6%), 
two of them complicated with endocarditis, and two 
with fungemia.

Other complications included: intra-cerebral ab-
scesses or septate ventriculitis 29 (25.4%), azoate ele-
vation 11  (10%), and transaminasemia 15  (22.1%). 
These complications were prevalent among 
Gram-positive meningitis group; they were treated with 
vancomycin, which returned at normal levels after the 
end of antibiotic treatment.

After MAHC diagnosis, we found neurological sequelae 
in 68 (83.5%), all of them were patients in whom hemor-
rhages or intra-cerebral infarctions were associated, epi-
lepsy of recent onset and cognitive deterioration, blindness 
or deafness. The evolution of cases is shown in table 2.

Microbiological characteristics of isolated 
agents

We were able to identify on the first CSF sample of 
the 114 episodes of meningitis: four species of Candida 
(3.5%), none of them resistant to azoles, and ampho-
tericin B or caspofungin 59 (51.7%).

The most frequent bacterial isolates in CSF were 
Gram-negative ESBL-producing phenotype 25 (42.4%). 
Enterobacter cloacae, Escherichia coli and Pseudomo-
nas aeruginosa were the most prevalent strains. Thirty 
one (52.5%) bacterial strains with carbapenemase-pro-
ducing phenotype, K. pneumoniae, P. aeruginosa, En-
terobacter cloacae, and A. baumannii, they had 39% 
share (23) of these isolates, a MIC for colistimethate 
minimum 1 and maximum 16 μg/ml, two strains were 
XDR, and the rest MDR.

As of 2010, resistance to meropenem of Gram-neg-
ative bacteria was determined through the resistance 
to antibiotics of all classes, by means of the antibiogram 
and relation with the lack of CSF bacterial clearance, 
in addition to persistent symptomatology of MAHC, in 
all cases of etiology by A. baumannii.

Among Gram-negative bacterial isolates, resistance 
to carbapenems was frequently the second phenotype 
found among strains of K. pneumoniae, P. aeruginosa, 
Enterobacter cloacae, and A. baumannii, responsible 
for 30 (81%) of cases in this group, with MIC for colis-
timethate minimum 1 and maximum 16μg/ml, two 
strains were XDR and the rest MDR.

We identified 37 (32.5%) Gram-positive bacteria and 
in 9 samples of CSF (7.9%) growth with two simultane-
ous agents that included ABMDR or ESBL-producing 
Gram-negative bacteria and Candida species sensitive 
to amphotericin B.

Eleven  (9.6%) cultures were reported as negative, 
although in Gram stain bacteria were seen, probably 
due to antibiotics use before diagnosis (Fig. 1).

Figure  1. Agents isolated in cultures of first CSF of 114 
episodes of MAHC.

Figure  2. Agents isolated in CSF cultures following 114 
episodes of MAHC.
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A second culture on all CSF was practiced between 
the 3rd and 5th day; they were reported without growth 
in 56% of primary isolates (Fig. 2). Antibiotic resistance 
phenotype of strains isolated in first CSF is shown in 
figure 3.

Risk factors for severity and mortality

The cumulative mortality rate was ×16.66/100  cases. 
Higher mortality frequencies were observed among male 
patients 57.8%, those patients who developed MACS 
after a neurosurgical procedure 68%, in children carriers 
of some nosocomial infection added as endocarditis 
68.4%; finally, 42% of mortality was observed among 
episodes of meningitis due to Gram-negative bacteria, 
half of them were secondary to A. baumannii MDR.

Notoriously, although 75% of patients with MSSA 
meningitis associated died; mortality in general by this 
factor corresponded to 17.6%.

However, only exposure to more than three antibiot-
ics resulted in binary logarithmic regression with the 
method of successive backward conditional steps with 
OR = 5.50  (95% CI 0.996 LS 30.36) sig 0.050 death 
correlation −847.

Discussion

MAHC follow-up studies recorded frequencies of 6%, 
especially in young children, commonly associated with 
prolonged permanence of external CSF drainage systems, 
tumor etiology in children with VPSV mortality of 22%12.

As of 2005, it has been reported that coagulase-nega-
tive Staphylococcus and S. aureus are associated with 

VPSV up to 65%, with an increase in the participation of 
MRSA in people with chronic processes such as hydro-
cephalus and in young children. The nosocomial acquisi-
tion is usually less severe than that acquired in commu-
nity that was associated with a hematogenous origin13.

To achieve therapeutic levels before surgery, our pa-
tients received in 95% of the time, at least 24 h of 
cephalothin prophylaxis for CSF external bypass and 
for VPSV, latter were of regular type without antibiotic 
impregnation.

In our study, the average time to develop meningitis 
associated with VPSV placement was 8 days after de-
vice placement, as reported in other studies9.

Special attention is required for cases of MSSA in-
fection that had a 75% mortality rate in spite of vanco-
mycin treatment, some publications have theorized that 
participation of P Valentin protein in strains of commu-
nity origin may be of poor prognosis, but in our study 
lack of molecular biology tool, could had predicted 
greater severity and mortality was a vulnerability13,14.

Against the odds was expected, the predominance 
of isolated bacteria was mostly Gram-negative with 
ESBL-producing antibiotic resistance phenotype and 
A. baumannii MDR.

In one-third of these children, it was necessary to use 
intravenous and intrathecal colistimethate, which also 
was not free of resistance in 7% of the isolates of 
A. baumannii, one of P. aeruginosa.

In our hospital, the first case of Acinetobacter 
baumannii carbapenems resistant was detected in 
1999, since then we have observed the dissemination 
of this agent in all areas of hospitalization for adult and 
pediatric patients. During 2011 frequency of participa-
tion in processes associated with health care, for neu-
rosurgical area corresponded a frequency of 5.6% and 
in pediatric area 1%15.

A finding of importance was the isolation of three 
strains of E. meningoseptica, which has been reported 
in neonatal sepsis outbreaks and is considered to be 
a Gram-negative agent sensitive to vancomycin16.

Mortality in our study for A. baumannii corresponded 
to 21%, while in other publications, it corresponded 
between 10% and 71% even with use of colistimethate 
as a salvage treatment17,18.

Although 11 cases had no growth of bacteria in CSF, 
we decided to analyze them, because we found bacteria 
present in Gram stains reviewed by at least two infec-
tious pediatrician. This parameter has been shown to 
be useful in up to half of the cases of meningitis in 
which cultures had no bacterial growth but with chemi-
cal findings suggestive19.

Figure  3. Antibiotic resistance phenotype in 102 strains 
isolated from the first CSF in 114 cases of MAHC.
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We suggest that the lack of growth of bacteria in blood 
and CSF was probably secondary to the previous use of 
antibiotics, on average three except among episodes of 
Candida etiology that received seven antibiotics as a mean 
for infectious processes of nosocomial bacterial origin.

Limitations and biases of this study are based on the 
availability for determination of lactate, procalcitonin, and 
C-reactive protein in CSF, by our laboratory. Not all bacte-
rial strains could be subjected to a regular determination of 
sensitivity to bacterial agents, especially colistimethate.

With the exception of colistimethate, all antibiotics 
used were of generic origin, at appropriate doses, and 
in duration. We also do not have molecular tools for 
microbiological diagnosis to determine specifically 
types of resistance.

In addition, the inability to analyze biofilms in shunts 
and venous catheters prevents knowing the type of 
biofilm and the extent of antibiotic therapy as well as 
the possibility of permanence right there. Moreover, 
finally, in limitation of hospital resources such as avail-
ability of operating rooms, surgical shifts, and access 
by relatives of patients to pay for VPSV antibiotics im-
pregnated and external drainage systems of CSF.

Conclusions

It was remarkable the participation of A. baumannii 
MDR, especially in cases where the patient was ex-
posed to broad-spectrum antibiotics, for these cases, 
although colistimethate can be a salvage treatment, it 
is an option that already shows resistance and has 
been transferred to other Gram-negative bacteria.

In our population, the etiology of MAHC by Gram-pos-
itive bacteria was associated with a higher mortality 
risk, associated with other nosocomial infections.

To reduce bacterial resistance, in the future, we must 
adhere to recommendations of management guidelines 
for meningitis, in particular, shorten the time of expo-
sure to external drains of CSF and use VPSV impreg-
nated with antibiotics to limit re-infection.

It is essential to always count in hospital units with 
molecular tools to identify antibiotic resistance.
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