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Abstract — Children with primary T-lymphocite deficiency are
more suseeptible to infection by organismy such as hbacteria,
Sfungi, protezoa and virus. The isolation of an opportunistic
organism or an unuswally severe infection with higher grade
pathogens, provide a clue to diagnosis of immunodeficiency. To
determine the microorganisms  causing  recurrent or  severe
infections in children with T-lvmphocyte deficiency, we carried
oul a retrospective case review of 83 patients with T-lvmphocyte
deficiency who were investigated at the Great Ormond Street
Hospital for Children, NHS Trust, over the 5 year period hetween
June I, 1988 and June 1, 1993, The group of patients included
33 males amd 32 females, among which 23 and 62 were
diugnosed 1o present SCI and CID subtypes respectively. Among
the 174 organisms isolated, these included bacteria (97 isoluates),
viruses (43 isolates), fungi (25 iselutes) and parasites (9
isolates). The predominans sites of infections were mainly the
gastrointestinal (60 out of 174) and respiratory tracts (49 out of
I74). The most common baclerial infections, were with aerebic
gram negative organisms (28 isolates), Psendomonas acruginosa
{17 isalates), Enterococcus (12 fsolutes), C. difficile (10 isolates).
Analysis of 43 viral infection showed that Rotavirus (10 isolates),
Adenovirus (Y iselates), Herpes simplex (6 isolutes), and
Cylomegalovirus (6 iselates), were  predominant  pathogens.
Candida  albicans was the most commonly  isolated  fungi.
Parasitic infections included V. carini and Crptosporidium, 3
and 6 out of Y cases. In our group of patients 16 patients died
bhefare  bone  maroow  trumsplantation,  due  fo  infectious
complication. Based on this study, we sugyest that prepylaxis
against bacterial, viral, fungal and protozee agents is a necessity
to minimize infectious complications in T-lymphocyte deficient
patients, awailing a borne marrow transplantation.
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INTRODUCTION

Primary T-lymphocyte  deficiencies are a  diverse
group of iHnesses that occur as a result of genelic
defects of T-lymphocyte differentiation and/or activation
(1), They  usually  give  rise 10 a  combined
immunodeficiency {CHD) which is characterised clinically
and immunologically by defeas of B oas well as
T-lymphocyies (2.3). The more profound forms of this
disorder have dittle or ne residual T- or B-lymphocyte
funcion and are collectively called severe combined
immunodetficieney {SCIDY (2,3).

The result of primary T-lymphocyle deficiency is an
mereased susceptibility w infection by organisms that are
either pathogenic in the aormal host or are opportunistic

agents. Hence, the isolation of an apporlunistic agent in
a child or occurrence of an unusually severe infection,
may provide a clue 1o the diagnosis  of
immuncdeficiency. Although the susceptibility of these
paticnts to bacterial, fungal, parasitic (4), and viral
infections have been studied (3,6,7,8,9). When reviewing
the literature, there are only few comprehensive
pacdiatric surveys addressing the wide spectrum of
infectious complications caused by bacterial, viral, fungal
and parasites (10,11,12). The purpose of the present
study was to determine the agents causing infectious
complication in paticnis presenting with T-lymphocyte
deficiency, who were admitied via tertiary referral
Hospital, over the 3 year period during the 1988-1993.

PATIENTS AND METHODS

The  criteria uwsed for diagnosis of primary
T-lymphocyte deficiency were {a) T-lymphopaenia, (b)
an absence of lymphocyie proliferative responses 10
mitogens  and antigens, (¢} and the inability of
B-lymphocytes to produce specific antibody (2,3,13).
Children with a sccondary ‘T-lymphocyte deficiency, such
as HIV infecticn or patients on immunosuppressive
therapy were excluded. Patients who received a bone
marrow transplant for primary T-tymphocyte deficiency
were  excluded  {from  analysis for the period afier
transplantaticn. On the basis of these criteria, the result
of 85 paticnts referred to Great Ormond Street Hospital
for Children NHS trust, between June 1, 1988 and June
1, 1993 were reviewed in this siudy. Microbiological data
which included results of cultures of blood, cercbrospinal
fluid and bronchial lavage fluids were obtained on these
paticnts, Bacteria were isolated using standard culture
techniques, positive isolates were further identified using
analytical profile index (APl system (Biomerieux
Basingstoke Hants, UK). Clostridium difficile toxic effect
was identificd by inocutation of faeces on to human
embryonic lung fibroblast (HEL) and neutralization with
antitoxin. Candida was identified by APl auxanogram,
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Aspergillus by examination of the mycelial morphology
and microscopy. For identification of Preumocystis
carinii, samples were stained and an  indirect
immunofluoresence test (Shield Diagnostic, Dundee,
Scottland) was used. Cryptosporidium was detected with
microscopy  stuedy  (Modified  Zhiel-Nelson  stain).
TFollowing the virological techniques were used to
identify the presence of viruses. The respiratory viruses
were identified by indirect immunofluoresence methods

using moenoclonal  antibodies  {Centers  for  Disease
Control, Atanta, USA). Screening for  Rotavirus,

Astrovirus and  Caliciviruses was performed by direct
cxamination  of  negatively  stained  (potassium
phosphotungstic  acid) faeccal samples in a  Philips
clectron microscope. The presence of other vira agents
was determined by inoculation of human embryonic
fibroblasts and examination for the presence positive
isolates were identified by neutralization with typing sera
obtained from Central Public Health Laboratory
Londen UK. Samples for Cytomegalo virus  were
examined using the DEAFF (detection of early antigen
fluorescing  foci) using E13  Monoclonal  antibody
{Clonatec supplied by TCS, L.td, Sleugh, UK) and/or by
isolation of virus in ceil culture.

RESULTS

85 patients with T-ymphocyte deficiencies were
identificd over a five year period, these inctuded 23
patients who fulfilled the criteria for a diagnosis of SCID
and 62 patients had features of CID. The specific
diagnoses in the two groups are shown in Table 1. Of 85
patients, 531 (60%) had one or more pathogens or
opportunisiic organisms, isolated during an infectious
episode in CID 36/62 (57%) and in SCID 15723 (65%).
There was a significant difference between the median
age of these two groups CID: 55 month {range, 2-155),
SCID: 9 month (range, 2-63), p<.01). Of these 51
patients, 18 (35%), had 4 or more pathogenic agents
isolated during subsequent infective cpisodes. Table 2
shows the number of microbiological isolates, sites of
infections and the category of etiologic agents isolated in
these patients. The overalt mortality rate in this study
was 28%. Sixteen patients (19%) died before bone
marrow transplaniation, due Lo infectious complication
and 8 patients (9%) died after bone marrow
transplantation (BMT), from BMT complication and
infections.

Table 1.

immunodeficiency and 62 patients With combined immunodeficiency

Diapnosis  in 23 patients  with  severe  combined

SCID subtype n MiF Median age (range)
{in months)

AR SCIDT 9 306 7023

N-linked SCID R 5 540 2 (19

ADA deficieney”™ 4 13 3 (219

Reticular dysgenesis 1 0:1 10

Ommen’s syndrome 1 1:0 3

Uadefined SCID 3 12 7 (5-63)

Total - 23

CI1 subtype

ARCID 16 07 56 (12.136)

Wiskott-Aldrich syndrome 14 140 106 {40-172)

hyper IgM R 9 96 37 (4-155)

MHC2 dcl’icicnc_\"’ 1 13 40 {10-128)

Skeletal dysplasia ; 0/1 6

DiGeorpe syadrome 2 20 i4(2-27)

PNP deficiency” 2 ST (24.79)

Undefined CID 14 59 59 (5-12h

Total 62

L AR = proven autosomal recessive, 2. ADA = Adenosine deaminase
3. MHC =

nucleoside phosphorylase,

Major histecompatibility complex. 4. PNP = Purine

Table 2. Sites of infections and categary of isolates in paticnts with

T-lymphocyte deficiency (36 combined imunodeficiency / 15 severe
combined immunodeficiency)
Sites Tond [sofates Lswlates
) (C1Dy (SCIDy
Bacteria 97 62 (24 35 (1
Bloed 29 16 (N 13 (3
Respiratory 24 17 (8) 74
Gastrointestinal 24 18 (13 6 {3
Skin 5 19 L1
Usine 15 T($ S {H
Fungal 23 21 (19 14
Blood 2 L 1
Respiratory 8 87 0
CGiastrointestinal 12 11 (7 1(h
Skin 2 0 2
Urine 1 1D 0
Parasite 9 88 11
Respirtory 6 im T
Gastrointestinal 3 33 0
Yirus 43 26 {13) 1747
Blood 2 1N tin
Respiratory 11 54 ERE)|
Gastroinfestinal 21 11 (&) [TUNT)]
Skin 4 3 0
Urine 5 22) EYEI
Towl i 17 37

Totab referes 1o total No of isofates. Numbers in bracket refer to No af

paticnts in each categgory.




Bacterial Isolates

Bacterial infections were  predominant, with 97
isolates in 34 patients (62 isolates in 24 CID patients and
35 isolates in 10 SCID patients). Of 97 bacterial isolates,
29 were blood culture isolates from 12 patients (16
sofates in 7 CID, and 13 isolates in 5 SCID). Of 29
isolates {from the blood, 15 were from peripheral
samples, and 8 were from both peripheral and central or
Hickman line catheters and 6 were from central or
Hickman line. The most common blood isolates in our
group of patienis were Entrococcus (8 isolates) and
Staph. epidermidis {6 isolates) (Table 3). The respiratory
tract was also an important site ©of infection with
bacterial pathogens, the most {requently isolated
bacteria, being Pseudomonas aeruginosa. From
gastrointestinal tracts 42% of isolates (10/24) were C.
difficile species, 5/10 were associated with loxin
production. Overall, the most frequently isolated
bacteria, were Acrobic gram negative species with
Pscudomonas aerugionsa being the most common.
Acid-fast bacilli were cultured from wound exudate and
respiratory secretion (BAL) from 1 patient {CID), these
subsequently were identified as M. bovis. Another
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paticnt with CID had tuberculous colitis and colonic
biopsies taken which grew M. fortuitum. The previously
described patient had been vaccinated with BCG and
developed disseminated BCG infection characterized by
major skin and lung involvement. She died despite the
treatment with INH and Rifampin and bone marrow
transplaniation at age 6 months.

Fungal and Parasite Isolates

Of 25 fungal isolates in 18 paticnts (21 in 14 CID
patients and 4 in 4 SCID patients), Candida albicans was
the most frequent isolate (Table 4) and was responsible
mainly for oropharyngeal colonisation. Pneumocystis
carinii was identified in bronchial alveolar lavage (BAL)
specimens from 5 patients (4 CID, 1 SCID) and from
tung biopsy material in 1 patient (CID}. 3/6 patients died
due to PCP despite ventilation and adequate therapy
with high doses of cotrimoxazole. Cryptosporidium was
isolated from gastrointestinal tract of 3 patients with
CID (Table 4). All had severe diarrhoea. Only 1 patient
(CID}  responded  to treatment  (Spiramycin,
Paromomyctn); 1 patient  died from  associated
complication.

Table 3. Distribution of bacterial species for positive bhacterial cuftures obained (36 conibined
immuncdeficiency / 15 severe combined immunodeficiency)

Bacteria Total Blood Respiratory Gl 1ract Skin Urine
Klebstella sp 4 20 1/0 - - 041
Enterobacter sp 8 22 - - - 13
Proteus sp ] - - 10
M. morgani 1 - - - Lo
Serratia sp 1 - 1/0 -

Salmonella sp 3 - - 30 - -
E. coli 6 12 01 - - 171
A anitratus 1 10 - - -
C. freundii 2 - - 10 - 0/t
Achromobacier 1 140 - - - -
P. acruginosa 17 - 54 2 171 10
Staph epi 9 51 i/l 01 -

Staph awreus 5 G2 10 10 110

3irp. poeumonia 3 - 30 -

FHS Group B 1 o1 -

«H Strep 3 10 20 - -
Enterococcus 12 /4 - - 272
H. influenza 2 20 - - E
H. parainfluenza 1 - 01 - .

C. difficile 10 - - 812 -

C. perfringens 3 611 - 0/l 10

Myco. bovis 2 - 1,0 - 10

Myco. fortutivm - - 10 - -
Total 97 16/13 177 186 41 78

Totl refers 1o 101a) No of iselates; M. Morgani: Morganella morgani; A. anitratus: Acinetobacter anitratus; C.
freundii: Citrobacter freundii; P. aeruginosa: Pscudomonas aeruginosa; Step. poeumonia: Streptococcus
pneumonia; ﬁHS Group B: Bets haemolytic streptococcus Groep B: aH  Strep: Alpha  haemolytic
streptococcus; H. influenza: Haemophilus influenza; H. parainfluenza: Haemophilus parainfluenza: C. difficile:
Clostridium difficile; Myco. bovis: Mycobacterium bovis; Myco. fortuitum: Mycobacterium fortuitum



Infectious complication in children

Virus Isolates

There were 43 viruses identificd in 22 patients {26 in
15 CID patients, and 17 in 7 SCID paticnts). Overall,
Rotavirus, Adenovirus, CMV and Herpes simplex were
the most common agents seen (Table 4). Of the 43
isolated viruses, 21 (49%) were detected in the GI tract,
with the most frequently identified virus, being Rotavirus
{5 isolates in 5 CID and 5 isofates in 5 SCID). In 6/10
paticnts excretion of virus was temporally associated with
diarrhcea, and 2/10 of these patients (one with AR
SCID and another with Xinked SCID) were shown 1o
exrete Rotavirus from the gastrointestinal tract for 5 and
3 months respectively. Cytomegalovirus (CMV) was
isotated in 4 patients (2 CID, 2 SCID). In these group of
patients, one with CID, had CMV colitis and ileitis with
intermittent  episodes of intestinal obstruction which
eveniually lead to perforation and #eal resection.
Respiratory syneytial virus (RSV) was detected in 2
patients (1 SCID, 1 CID), the patinet with SCID, had
prolonged shedding of RSV from the respiratory Lract
which lasted for the period of the final 14 months of her
fife. This paticnts was also shown to excreting Rotavirus
and Calicivirus in the gastrointestinal tract for period of
5 months following the first bone marrow
transplamation. Adenovirus was isolated in 5 patients (3
CID, 2 SCID), in this group, one patient with SCID
{(ADA deficiency), had disseminated  Adcnovirus
infection, manifested by lung discasc, severe hepatitis
and myocarditis. Adenovirus was isolated from Buffy
coat, respiratory and gastrointestinal tracts. He did not
respond to antiviral therapy with intravrnous and

nebuiized ribavirin and died at age of 14 months,
Among the 10 patiems (3 SCID, 7 CID) who received
oral poliovirus vaccine, virus was detected in stool of 1
CID and in nasopharyngeal secretions of another paticnt
with  CID, but  none subseguently  developed
disseminated disease.

DISCUSSION

In our study we were able to identify and isolated
organisms in 60% of patients (36/62 CID, 15/23 SCID).
The median age of patients with SCID who had a
documented isolate was significantly less than in those
diagnosed with CID. This would be in keeping with the
fact that patients with SCID develop infection earlier
than patients with CID (2). Although infections in
paticnts with SCID are often more [frequent and more
severe, the absence of documented infections in 8/23 of
our patients with SCID, reflects their carly diagnosis. In
this group of 8 patients, 2 received a bone marrow
transplant at the age of 1 month, 3 between the age of
1-7 months, and 1 at the age of 11 month. The medical
records of 1 patients with SCID could not be located.

Children with primary T-lynthocyte deficicncy are
more susceptible to infections by both organisms that
are pathogenic in the normal host and opportunistic
organisms which include bacteria, virus, proiozoa and
fungi (13). Clinical presentation is often with failure 1o
thrive and increased severity and frequency of infections,
which tend 1o occur carlier in children with SCID than

Table 4. Distribution of fungal / parasite / viral species for positive cultures (36 combined immunodeficiency !

15 severe combined immunodeficiency)

Fungal / Parasite Total BBlood Respiratosy G1 tract g}.m Urine
Fungal

Candida albicans 2 141 i 114 072 10
Aspergillus flavus I - 1/0 - - .
Total 25 1/1 80 1141 072 §0
Parasite o
P.carinii 6 61 -

Cryptosporidiem 3 - 30

Total 9 51 30

Viruses ) T

Herpes virus 6 - 10 140 440 -
CMV 6 110 10 a2
RSV 2 111 - -
Parainfluenza Type 3 1 - 1 - - -
Adenovirus 9 0/1 21 12 - 0:1
Rotavirus 10 Ria]

Astrovirus 2 171

Calicivirus | VB

SRSv 2 - 141

Enterovirus 2 1.0 14

Paliovirus 2 . 1,0 1.0 -

Total BT 53 T 23

Total refers 10 1ol No of isolates: P. ocarinil: Paeumocystis carinnic OMV: Cyviomegalo virus, RSV:
Respiratery syneytial vires; SRSV Small rounded structured virus,




in the those with CID (14,13). In patients with CID and
SCID, because of inabifity of their B - lymphocytes to
produce specific antibodies, diagnosis of viral infection
by antibody determination are little or no value (13).
Direct virad isolation and/or identification of the viral
genome (PCR) are necessary to prove infection. Virus
isclation in cell cultures in the reference method, but
resulls are cften defayed.

Of ihe 97 bacterial pathogens isolated from our
group of patients, the majerity were cultured [from the
blood (14), respiratory tract (%) and gastrointestinal tract
(10}, A retrospective study of 117 infants and children
with SCID at the Necker's Hospital in Paris (12),
showed that infections were the major cause of death,
with lung and gastrointestinal tract as the prodominant
sites involved, and the most common bacterial isolates
were  Pseudomonas  spp,  Escherichia  coli, and
Streptococci. In their study disseminated BCG infection
(BCG-osis), cccurred in more than one third (10/28) of
paticnts who had previosuly received BCG vaccine. The
infection was fatal in three cases. In our group of
patients, 3 infants {1 SCID, 2 CID) received BCG
vaccination at birth, One patient (CID) developed
disseminated  BCG  infection.  Disseminated  BCG
infection in the severely immunocompromised host has
high mortality. Gonzales et al (16}, reported fatal BCG
infection in 9 patients with an immunodeficiency
syndrome (2 SCID, 4 CID, 3 CGD). Four patients with
CID presented with regional lymphadenitis resistant to
reatment afier five month of life, all four patients died
despite  prolonged specific  treatment.  Bone  marrow

transplantation  with  appropriate  anti-mycobacterial
therapy, may lead 1o successful resolution  of
disseminated BCG  osis  (17).  Immunomudolatory

therapy with IFN-y which has been used in treatment of
refractory  dissiminated nontuberculous  mycobacterial
infection (18), may also have a place in the therapy of
disscminated  BCG  infection  in children  with
immunodeficiency.

Fungal and parasitic infections may be a major causc
of mortality and morbidity in T-lymphocyie deficient
children (19). In our survey, oral candidiasis was the
most common fungal infection encountered. Surpirsingly
few other major fungal infections were seen. A high
incidence of candida infections in patients with
T-lymphocyte dificiency have been reported by other
groups (4,10,11). In contrast Muller et al (20}, recorded
only one case among 16 patients with DiGeorge
syndrome. Among the parasitic infections seen in our
group of patients, Pneumocystis carinii was the most
common opportunistic infection. Pneumocystis  carini
pneumonia (PCP), was diagnosed in 6 patients. Five of
these patients developed symptoms under 6 months of
age. We found a high mortality {(30%) in our paticnts,
who required ventilation. In children with AIDS and
PCP, there is similar mortality in those who required
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ventilation (21). Wailzer et al (4), reported that PCP was
a major cause of infection in T-lymphocyte deficient
patierts associated with high mortality {13/20). The poer
Prognosis may be explained by the fact that PCP is
primary disease in young children rather than
reactivation disease. In our survey Cryplosporidium, was
isolated from the gastrointestinal tract of 3 patients with
CID which resulted in severe and chronic diarrhoea.
Acute C.parvum infection in immunocompetent persons,
usually induces o short and self-limited diarrhoea with a
specific immune response that climinates the protozoan
after  1-8 weeks (22). C. parvum infection in
T-lymphocyte deficient children (11), especially in AIDS
paticnts, may cause chronic and life-threatening
diarrhoea.

Viral infections of the lungs, liver and central
nervous system are usually severe and extensive in the
immunccompromised patients (7). In a retrospective
study of 30 patients with MHC class 2 (CID) dificiency
carcied out by Klein and colieagues (11), the main cause
of death was viral infection. In our study, of the 43 virus
isolated, the majority were from gastrointestinal tract
(Rotavirus), respiratory tract (Adenovirus) and skin
(Herpes virus), In the group of patients with CIiD one
had complicated CMV colitis and ileitis. Ulceration
associated with CMV infection could be identified in the
oesophagus, the stomach, the small bowel, and large
intestine (23). One controlled study using ganciclovir
showed that despite an antiviral effect, there was no
significant improvement in the clinical course (24).
However, on the basis of clinical experience in therapy
CMV interstitial pneumoenia, it i$ common practice 10
use  the  ganciclovirfintravenous  immunoglobulin
combination according to the treatment regimen for
CMV interstitial pneumonia {25). Herpes simplex often
caused mild infection in our group of patients with
involvement of mucocutaneous arcas in 4 patients with
CID. These rapidly responded to treatment with
acyclovir. Varicella infections were not seen in our group
patients. In one of our patient with SCID, despie
repeated  treatment courses with nebulized ribavirin,
RSV was shed from her respiratory tract for the last 14
months of her fife during which she received wo
unsuceessful haploidentical bone marrow transplantation.
Respiratory syncytiai virus may cause profonged viral
shedding in immunocdeficient chitdren. The virus is
difficult 1o eradicate unless the T-cell eficiency is
corrected (19). In one of our patients (1 SCID).
dissemipation  with  Adenovirus  occurred.  This  was
manifested by lung discase and severe hepatitis which
lead to hepatic failure. In T-lymphocyte  deficient
patients, initial infection with adenovrius usoally oceurs
in respiratory tract, but in the absence of adeguate
T-lymphocyte responsc, disscmination may occur {89,
Live polio vaccination did not lead 1o disseminated
diesease, possibly because patients had been vaccinaied




Infectious complication in children

at an early age, when maternal IgG was present and
protective (12). We carried out a retrospective study on
infectious  complications  in 85 children  with
T-lymphocyte deficiency treated in this Hospital aver a 5
years period between June 1, 1988 and June 1, 1993.
The group of paticnts included 33 males and 32 females,
among which 23 and 62 were diagnosed 1o present
SCID and CID sobiypes respectively. Among the 174
organisms isolated, these included bacteria (Y7 isolates),
virauses (43 isolates), fungi (25 isolates) and parasites (9
isolates). The predominant sites of infections were
mainly the pastrointestinal (60 out of 174) and
Fespiratory tracts (49 out of 174). The most common
bacteriai infections, were with acrobic gram negative
organisms (28 isolates), Pscudomonas aeruginosa (17
isojates), Enterococcus (12 isofatesy, C. difficile (10
isolates). Anaiysis of 43 wviral infection whowed that
Rotavirus (10 isolates), Adenovirus (9 isolates), Herpes
simplex (6 isolates), and Cytomegalovirus (6 isolates),
were predominant pathogens. Candida albicans was 1he
most  commonly isolated fungi,  Parasitic  infections
included P. carinii and Cryptosoridium, 3 and 6 out of 9
cases. In our group of patients 16 patients died before
bone marrow ransplantation, due o infectious
complication. Based on this study, we suggest tha
prophyiaxis against bacterial, viral, fungal and protozoa
agents is a necessity 1o minimize infectious complications
in T-iymphocyte deficient patients, awaiting a bone
marrow transplantation.
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