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Abstract

Background: Patients with methylmalonic acidemias (MMAs) and propionic acidemias (PAs) were noticed to suffer
recurrent infections with high morbidity and mortality during infections. Neutropenia, impaired phagocytic
chemotaxis, low levels of IgG, and depletion of B and T cells in patients with PA and MMA have been previously
reported, but relevant studies were limited and based on case reports or small cohorts, with contradictory results.
We sought to evaluate B cells, T cells, and natural killer (NK) cells in children with MMA and PA and investigate the
impact of metabolic disease control on the studied immunological parameters. Thirty patients (23 MMAs and 7 PAs)
were enrolled in a cross-sectional study. Patients were subjected to clinical evaluation, complete blood count, blood
gases, serum immunoglobulin levels, candida intradermal testing, and lymphocyte subset flow cytometric
enumeration.

Results: Patients’ ages ranged between 6 and 86 months (mean 37.93 ± 23.2 SD). BCG scar was elicited in 24/26
(92.3%) of vaccinated patients. Candida test was positive in 12 (85.7%) out of 14 tested patients. Four patients had
neutropenia (13.3%), 1 had lymphopenia (3.3 %), 17 had low absolute CD19+ counts (56.7%), 5 had low absolute
CD27+ counts (16.7%), 14 had low CD3+ counts (46.7%), 9 had low CD4+ counts (30%), 8 had low CD8+ counts
(26.7%), 12 had decreased CD4/CD8 ratio (40%), and 8 had low CD56+ counts (26.7%). All patients had normal
serum immunoglobulins. Metabolically controlled and uncontrolled cases were comparable in terms of their
candida test results and lymphocyte subsets.

Conclusion: Patients with MMA or PA are prone to neutropenia, decreased B and T cells with low CD4+/CD8+
ratio, and decreased NK cells, yet with normal serum immunoglobulins and candida intradermal test results. We
could not find a relation between the immunological results and the degree of metabolic disease control.
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Background
Methylmalonic acidemias (MMAs) and propionic acide-
mias (PAs) comprise a group of congenital disorders of
branched-chain amino acid metabolism leading to their
accumulation in the body fluids [1]. Patients with or-
ganic acidemia suffer both recurrent infections and re-
current hospital admissions with higher morbidity and
mortality during these infections compared to normal
subjects. Thus, an association has been suspected

between organic acidemia and immunodeficiencies.
Neutropenia, impaired phagocytic chemotaxis, low levels
of IgG, and depletion of B and T cells in patients with
PA and MMA have been previously reported [2, 3]. A
link has been suspected between decreased extracellular
PH and lymphocyte number and function [4].
Previous studies investigating immune status of those

patients are limited and based on case reports or small
cohorts, with contradictory results. The relation of im-
mune dysfunction to the metabolic status and the pres-
ence of acidosis is still unclear [5]. Proper evaluation of
the immune status of those patients is of utmost import-
ance aiming to provide preventive measures and early
appropriate management of infections in order to
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decrease morbidity, mortality, and health care costs.
Thus, our study was designed to assess B cells, T cells,
and natural killer (NK) cells in pediatric patients with
MMA or PA and their relation to the infection profile
and the metabolic disease control.

Methods
This cross-sectional study was carried out at the Genetic
Unit, Children’s Hospital, Ain-Shams University, during
the period from February 2015 to April 2017.

Study subjects
The study included all the available 30 pediatric cases of
confirmed MMA or PA patients. Twenty-three cases
had MMA, and the other 7 cases had PA with a female
predominance in the form of female-to-male ratio of 8:7
and age ranging from 6 to 86 months with a mean of
37.93 months. Twenty-seven patients (90%) were of con-
sanguineous parents. Patients receiving steroids or other
immunosuppressive therapy at the time of enrollment
and those having secondary immunodeficiency (i.e., HIV
infection, nephrotic syndrome, and sickle cell disease)
were excluded from the study. All cases were receiving
oral bicarbonate, L-carnitine, and protein restricted diet
(0.5 to 1.5 gm/kg per day; free or low protein milk, e.g.,
XMTVI and Duocal protein-free milk).

Study methods
All patients included in the study were subjected to de-
tailed history taking including onset, course, duration of
the metabolic disease, age at metabolic disease onset,
age of onset of infection, sites of recurrent infections,
duration of infection, frequency of hospitalization, and
average duration of antibiotic use at time of infection.
Patients were screened for the presence of one or more
of the warning signs for primary immunodeficiency [6]
including four or more new ear infections within 1 year,
two or more serious sinus infections within 1 year, two
or more pneumonias within 1 year, two or more deep-
seated infections including septicemia, recurrent deep
skin or organ abscesses, persistent oral or skin fungal in-
fections, infections that do not respond to more than 2
months of standard antibiotics, need for intravenous an-
tibiotics to clear infections, failure to thrive or growth
retardation, and/or family history of primary
immunodeficiency.
Family history including parents’ consanguinity, recur-

rent infections, diagnosed primary immunodeficiency, or
previous sibling deaths was documented. Detailed sys-
temic examination was performed including site, type,
and severity of infection, and presence of organomegaly
and lymphadenopathy, in addition to weight and height
assessment in relation to normal percentiles of age [7].

Laboratory investigations
In vivo test
Manually prepared candida intradermal skin testing
(intradermal injection of 0.1 ml of 1/1000 dilution for
patients ≥ 6 years and 1/100 if < 6 years) was performed
in patients with lymphocytic count > 1500/ul, to screen
for T cell function. The appearance of an induration
with a diameter of ≥ 5 mm, 48–72 h after the injection,
indicated intact T cell function [8]. Although none of
the 30 enrolled patients had absolute lymphocyte count
(ALC) less than 1500/μl, only 14 patients agreed to do
the candida intradermal skin test.

In vitro tests
All enrolled patients were subjected to the following la-
boratory assessments:

� Complete blood counts using Beckman-Coulter
Gen.S system 2, USA, and samples were smeared
and stained with Leishman’s stain for assessment of
differential white blood cell counts.

� Flow cytometric enumeration for percentages and
absolute counts of the following lymphocytes
subsets: CD19+ and CD27+ B lymphocytes, CD3+,
CD3+CD4+, and CD3+CD8+ T cells in addition to
CD3−CD56+ NK cells. They were measured in
peripheral blood samples using Coulter XL-flow
Cytometer (Beckman, USA). Results of differential
white cell counts and lymphocyte subsets were
compared to age-related reference ranges [9].

� Total serum immunoglobulins were measured using
quantitative nephelometry for IgA, IgG, and IgM
(using MININEPH nephelometer, Binding Site, UK)
and enzymatic immunoassay by ELISA for IgE
(using VersaMax™ ELISA kits). Results of
Immunoglobulins were compared to age-related
reference ranges [10].

� Venous blood gases were tested at enrollment.
Venous blood samples in heparinized syringes were
assayed using the ABL80 FLEX analyzer–BASIC
version, Radiometer Instruments, USA.

� Serum albumin level was measured using Synchron
CX-9 auto analyzer, Beckman Instruments Inc.,
Fullerton, CA, USA.

Degree of control of metabolic disease of the patients
was determined according to clinical evaluation and
blood gas results at the time of enrollment. Uncontrolled
cases were defined by the presence of symptoms of the
organic acidemia (e.g., poor feeding, vomiting, floppi-
ness, lethargy, or coma) and venous blood pH < 7.35.
Controlled cases were defined as stable clinical condition
and venous blood pH not less than 7.35 at the time of
enrollment.
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Statistical methods
Statistical software package (SPSS) (V.15.0, Echosoft
Corp, USA, 2006) was used for data analysis. Data were
represented as mean values and standard deviation (SD)
for quantitative measures or number and percentage for
categorized data. Comparisons of several means were
done by using one-way analysis of variance (ANOVA).
Comparison between two means was done by using
paired t test. Comparison of different variables in various
groups was done using Student’s t test and the Mann-
Whitney test for normal and non-parametric variables,
respectively. Chi-square (χ2) test was used to compare
the frequency of qualitative variables among different
groups. For all tests, probability (p) values ≤ 0.05 were
considered significant.

Results
Out of the 30 enrolled patients, 23 (76.7%) had MMA
and 7 (23.3%) had PA. They were 16 (53.5%) boys and
14 (46.7%) girls. The patients’ age ranged from 6 to 86
months with a mean of 37.9 ± 23.2 SD. According to
clinical evaluation (concerning conscious level, vomiting,
anorexia and general activity, growth charts) and venous
blood gas results at enrollment, 12 (40%) patients were
found to have uncontrolled metabolic disease while the
remaining 18 (60%) patients had controlled disease.

Patients’ demographic and clinical parameters and blood
gas results are shown in Tables 1 and 2.
Chest infections (n = 15, 50%) were the most com-

monly encountered among enrolled patients in the form
of upper respiratory tract infection (n = 14) and pneu-
monia (n = 5) followed by GIT infections in the form of
recurrent gastroenteritis (n = 11, 36.7%). The duration of
infections ranged between 4 and 8 days with a mean ±
SD of 6.6 ± 1.22 days. None of the enrolled patients had
recurrent skin infections, septicemia, or recurrent herpes
infection.
Concerning the frequency of each of the 10 warning

signs for primary immunodeficiency among the studied
patients, the most commonly encountered signs were
failure to gain weight (n = 20, 66.7%) and the need for
intravenous antibiotic to clear infection (n = 24, 80%).
Only two patients gave history of two or more pneumo-
nia per year. Others warning signs of immunodeficiency
were not met among our studied patients.
Before enrollment in the study, 26 (86.7 %) patients re-

ceived BCG vaccine. Out of these 26 vaccinated patients,
24 (92.3%) had evident BCG scar.
Table 3 shows the blood picture counts and serum al-

bumin of enrolled patients. Four patients (13.33%) had
neutropenia at the time of enrollment (absolute neutro-
phil count (ANC) < 1500/μl), one patient (3.33%) had
lymphopenia, and one (3.33%) had thrombocytopenia

Table 1 Demographic and clinical characteristics of enrolled patients

Parameter Results

Diagnosis (no. (%)) MMA 23 (76.7%)

PA 7 (23.3%)

Sex (no. (%)) Male 16 (53.3%)

Female 14 (46.7%)

Age (mo.) Mean ± SD 37.93 ± 23.20

Range 6–86

Weight (centile) Mean ± SD 24.73 ± 27.15

Range 3–75

Height (centile) Mean ± SD 9.40 ± 15.53

Range 3–75

Age at metabolic disease onset (mo.) Mean ± SD 6.59 ± 4.58

Range 0.1–19

Age of onset of infection (mo.) Mean ± SD 6.24 ± 4.41

Range 0–19

Frequency of hospitalization due to infection/year Mean ± SD 1.80 ± 0.76

Range 1–3

Average duration of antibiotics use during infection (days) Mean ± SD 6.13 ± 1.22

Range 4–9

Control of the metabolic disease (controlled/uncontrolled) (no. (%)) Controlled 18 (60.0%)

Uncontrolled 12 (40.0%)

MMA methylmalonic acidemia, mo. month, no. number, PA propionic acidemia, SD standard deviation
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compared to their age-related reference ranges. None of
the enrolled patients had albumin levels below 3.5 gm/dl
Relative and absolute counts of the studied lymphocyte

subsets were variably affected among the studied pa-
tients. Seventeen patients had low absolute B cell
(CD19+) counts (56.7%), 5 had low absolute memory B
cell (CD27+) counts (16.7%), 14 had low CD3+ counts
(46.7%), 9 had low CD4+ counts (30%), 8 had low CD8+
counts (26.7%), 12 had decreased CD4/CD8 ratio (40%),
and 8 had low CD56+ counts (26.7%). Results are
depicted in Table 4.
There was only one lymphopenic patient with absolute

lymphocyte count (ALC) of 1700/ul. T cell function was
tested using the candida intradermal skin test which was
done in 14 out of 30 enrolled patients, while the
remaining 16 patients refused to do the test. Among the
tested 14 patients, 12 (85.7 %) gave positive results, with
a mean induration diameter (in mm) of 8.2 ± 2.1 SD
(range 5–12mm). The remaining two patients (14.3%)
who gave negative results had normal absolute counts of
the studied lymphocyte subsets.
For assessment of B cell function, serum immunoglobu-

lins (Ig) were measured and none of the enrolled patients
showed low IgA, IgG, IgM, or IgE, according to their age-
related reference ranges. Mean levels of serum immuno-
globulins and their ranges are depicted in Table 5.

In view of clinical condition and blood gas results at
enrollment, patients with controlled metabolic disease
(n = 18) were comparable with those with the uncon-
trolled disease (n = 12) in terms of clinical parameters,
infection profile, and studied lymphocyte subsets (Ta-
bles 6 and 7). Also, candida intradermal test positivity
(44% versus 50%, p = 0.765) and induration diameters
(mean ± SD 7.94 ± 2.51 versus 8.58 ± 1.56, p = 0.591)
were comparable in both groups, respectively).

Discussion
Compared to normal subjects, patients with organic
acidemia were observed to have unusually recurrent
and/or severe infections [5]. In our series, chest infec-
tions (50%) were the most commonly observed, followed
by GIT infections (36.7%). Similar observations were
previously reported by El Essa et al., in their retrospect-
ive study on 38 patients with PA [11]. Failure to thrive
and requirement of parenteral antibiotics to clear infec-
tions were observed in 66.7% and 80% of our patients,
respectively. Although these two signs are among the 10
warning signs for immunodeficiency, yet in our study,
these signs should be interpreted cautiously as they
might be caused by features of the metabolic disease it-
self including anorexia, repeated vomiting, mental re-
tardation, and protein restriction [12].
Clinical examination of the studied patients revealed

the presence of BCG scar in 24 out of 26 vaccinated pa-
tients. The two patients with failed BCG scar formation
both had MMA, had positive results for candida intra-
dermal skin test, and had good control of metabolic dis-
ease at enrollment. According to CDC fact sheets for
tuberculosis and BCG vaccine [13], 10% of healthy BCG-
vaccinated children might fail to form a scar, making
our results comparable to the BCG response in the gen-
eral population.
In the current study, three patients had neutropenia

and one patient had mild lymphopenia. In the study of
Wong et al. [2] on three patients with MMA, there was
severe pancytopenia with consequent fatal gram-negative
septicemia, candidiasis, and Pneumocystis jirovecii pneu-
monia. Moreover, significant defects in neutrophil func-
tions were reported in patients with organic acidemias
especially during the attacks of acidosis and ketotic
hyperglycemia [14, 15]. The accumulation of organic
acid metabolites was found to induce transient inhibition
of bone marrow stem cell growth and maturation, with
granulopoiesis most commonly to be affected [16].
Our study revealed variable affection of the relative and

absolute counts of the studied lymphocyte subsets. The
known associated oxidative stresses and energy metabol-
ism impairment with organic acidemias might be respon-
sible for the suppression of lymphocyte production [3]. El
Essa et al. reported decrease in B and T lymphocyte

Table 2 Results of venous blood gases with anion gap for
enrolled patients

Mean ± SD Range

pH (7.35–7.45) 7.37 ± 0.11 7.1–7.53

BE (− 2 to + 2mEq/l) − 0.60 ± 2.26 − 8.5–3.9

HCO3 (35–45) 21.12 ± 2.61 15.8–26.7

Anion gap (3–11) 16.80 ± 2.27 13–21

BE base excess, HCO3 bicarbonate

Table 3 Basic laboratory investigations of the studied patients

Parameters Absolute value

Range Mean ± SD

WBCs (× 103/μl) 3.9–17.9 9.77 ± 3.94

ANC (× 103/μl) 0.5–10.8 3.66 ± 2.75

ALC (× 103/μl) 1.7–10.6 5.17 ± 2.08

AMC (× 103/μl) 0.2–1.7 0.77 ± 0.36

AEC (× 103/μl) 0–1 0.20 ± 0.25

ABC (× 103/μl) 0–0.3 0.07 ± 0.08

HGB (g/dl) 7.5–12.9 10.21 ± 1.52

MCV (fl) 56–87.5 74.47 ± 7.88

Albumin (g/dl) 3.5–5.4 4.58 ± 0.53

ABC absolute basophil counts, AEC absolute eosinophil counts, HGB
hemoglobin, ALC absolute lymphocyte counts, AMC absolute monocyte
counts, MCV mean corpuscular volume, ANC absolute neutrophil counts, WBCs
white blood cells
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subsets with decreased CD4/CD8 ratio in three PA pa-
tients during the metabolic attack [11]. Similar observa-
tions were also reported by Wong et al. in their studied
three MMA patients [2]. In contrast, another study in-
cluding four MMA patients (3–6 years of age) found that
T lymphocyte numbers were normal in three of them
[15]. Variable results in different studies might be attrib-
uted to several factors including the sample size, duration
of the metabolic disease, residual enzyme activity, and the
exact timing of patients’ evaluation whether during or in
between the acidotic episodes. All our patients were on

management strategy despite that many were
uncontrolled.
Although B cell counts were low in some of our pa-

tient, yet total serum immunoglobulins were normal in
all cases, indicating preserved B cell function. Alizadeh
et al. found normal values of immunoglobulins among
31 studied patients with organic acidemias except for
only 2 patients who had low IgM levels [5]. In another
study, marginal decrease in serum IgG level in two
MMA patients with normal serum IgA and IgM concen-
trations was observed [15]. Low IgG levels were also re-
ported in patients with PA [3]. Better evaluation of B
cell function necessitates the assessment of specific
antibody response to vaccines which was lacking in
our work. Protective rubella antibody titers were
found in three patients with MMA, while only one
patient had undetectable titer [15]. On the other
hand, very low levels of anti-tetanus IgG and anti-
diphtheria IgG were observed in two patients with
maple syrup urine disease despite receiving the

Table 4 Flow-cytometric results of B and T lymphocyte subsets and NK cells in the studied patients

T lymphocyte subsets Mean ± SD Range Interpretation

CD3+ (%) 68.13 ± 10.62 43.5–84.9 Normal 26 (86.7%)

Low 4 (13.3%)

CD3+ (absolute) cells/mm3 2469.63 ± 1921.90 414–7668 Normal 16 (53.3%)

Low 14 (46.7%)

CD4+ (%) 57.11 ± 15.33 24.9–83.3 Normal 29 (96.7%)

Low 1 (3.3%)

CD4+ (absolute) cells/mm3 2119.67 ± 1654.29 190–6073 Normal 21 (70.0%)

Low 9 (30.0%)

CD8+ (%) 35.23 ± 13.47 13.6–66.7 Normal 29 (96.7%)

Low 1 (3.3%)

CD8+ (absolute) cells/mm3 1107.37 ± 817.89 257–2838 Normal 22 (73.3%)

Low 8 (26.7%)

CD4/CD8 ratio 2.11 ± 1.48 0.37–6.12 Normal 18 (60.0%)

Low 12 (40.0%)

CD56+ (%) 9.15 ± 5.86 2.22–23.7 Normal 25 (83.3%)

Low 5 (16.7%)

CD56+ (absolute) cells/mm3 393.30 ± 453.79 18–2160 Normal 22 (73.3%)

Low 8 (26.7%)

CD19+ (%) 7.90 ± 3.90 2.18–14.3 Normal 1 (3.3%)

Low 29 (96.7%)

CD19+ (absolute) cells/mm3 414.15 ± 246.01 37.06–930 Normal 13 (43.3%)

Low 17 (56.7%)

CD27+ (%) 33.61 ± 17.11 8–65 Normal 4 (13.3%)

High 26 (86.7%)

CD27+ (absolute) cells/mm3 134.64 ± 103.57 10.98–413.54 Normal 25 (83.3%)

Low 5 (16.7%)

CD cluster of differentiation, % percentage, MMA methylmalonic acidemia, PA propionic acidemia, SD standard deviation

Table 5 Total serum immunoglobulin levels of enrolled patients

Serum Igs levels Mean ± SD Range

IgA (mg/dl) 92.63 ± 54.72 17–195

IgG (mg/dl) 908.40 ± 341.10 314–1565

IgM (mg/dl) 100.80 ± 65.11 16–254

IgE (IU/ml) 37.20 ± 24.38 7–87

Igs immunoglobulins
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appropriate vaccinations. However, no significant as-
sociation was found between the evaluated parameters
and history of recurrent admissions, recurrent infec-
tions, and type of their disease [5].
As a simple and reliable screening tool for T cell

function [17], we performed the intradermal candida
skin test in 14 (46.7%) of our patients and 85 % of
them had positive results. The remaining two patients
who gave negative results did not have otherwise sig-
nificant abnormality in the performed immunological
evaluation. In healthy children, candida intradermal
test usually gives positive results in 60–85% of tested
individuals [18, 19]. Thus, our findings point to the
absence of major defect in T cell function among the
tested patients.
Regarding NK cells (CD56+), our study showed that

there was a decrease in CD56+ absolute counts in eight
of our patients, six of them were MMA and other two
were PA. To the best of our knowledge, natural killer
cells have not been previously assessed among patients
with organic acidemias. Although our study shows affec-
tion in NK numbers and percentages, yet further studies
are required to investigate NK cell degranulation and
cytotoxicity among patients with organic acidemias, in
view of their clinical condition and predisposition to
infection.

In our study, when patients were classified according
to the control of their metabolic disease at the time of
enrollment, both controlled and uncontrolled groups
were comparable in the studied lymphocyte subsets, can-
dida test induration diameters, and immunoglobulin
profile. However, previous studies that have performed
in vitro lymphocyte proliferation tests reported signifi-
cant suppressive effect of accumulating organic acids on
DNA synthesis and lymphocyte proliferation in response
to concanavalin A, pokeweed mitogen, and phytohaem-
agglutinin [3, 20]. Different methods for evaluation (in
vitro/in vivo) and variation in severity and duration of
disease and variation of the residual activity of the af-
fected enzyme might be responsible for the different re-
sults of different reports. Thus, further follow-up of
those patients is warranted to assess the effect of pro-
longed accumulation of organic acids on adaptive im-
mune response, in addition to their assessment during
periods of uncontrolled metabolic disease.

Conclusion
Patients with MMA or PA had variable decrease in rela-
tive and absolute counts of B and T lymphocyte subsets
and NK cells but with normal levels of serum immuno-
globulins and intact intradermal candida test response.
The degree of control of metabolic disease at enrollment

Table 6 Comparison between controlled and uncontrolled patients regarding their clinical parameters

Variables Controlled Uncontrolled Independent t test

N = 18 N = 12 t/χ2* p value

Age (mo.) Mean ± SD 34.78 ± 23.50 42.67 ± 22.91 0.91 0.371

Range 10–86 6–72

Sex (n (%)) Female 11 (61.1%) 5 (41.7%) 1.094 0.296*

Male 7 (38.9%) 7 (58.3%)

Weight (p) Mean ± SD 21.78 ± 26.20 29.17 ± 29.09 0.724 0.475

Range 3–75 3–75

Height (p) Mean ± SD 6.28 ± 5.63 14.08 ± 23.39 1.369 0.182

Range 3–25 3–75

Age at metabolic disease onset Mean ± SD 6.29 ± 4.65 7.00 ± 4.65 0.407 0.687

Range 0.3–19 0–12

Age of onset of infection (mo.) Mean ± SD 5.72 ± 4.87 6.59 ± 3.83 0.518 0.608

Range 0.03–19 0.1–12

Average duration of antibiotics use at time of infection (days) Mean ± SD 6.00 ± 0.84 5.75 ± 1.06 − 0.721 0.477

Range 4–7 4–7

Frequency of hospitalization
due to infection/year

Once 8 (44.4%) 4 (33.3%) 0.833 0.659*

Twice 6 (33.3%) 6 (50.0%)

Thrice 4 (22.2%) 2 (16.7%)

Average duration of infection (days) Mean ± SD 6.67 ± 1.19 6.50 ± 1.31 − 0.361 0.721

Range 4–8 4–8

mo. months, N number, p percentile, SD standard deviation, % percentage
*Chi-square test
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did not have significant effect on the studied immuno-
logical parameters. The results of our study are indeed
limited by the relatively short disease duration, lack of
follow-up, inclusion of metabolically controlled cases,
and absence of in vitro function tests and specific anti-
body response. Further studies are warranted on wider
scale with assessment of patients during acidotic and
non-acidotic phases of illness. Assessment of immune
status in relation to the residual activity of the affected
enzyme also could be worthwhile.
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