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STOPLIGHT: Status of the ABC Bicod Supply, 2008 vs. 2009

Percent of Supply

e

9/24/08  9/25/0% 10/1/08 1072109 10/8/08  10/9/09 10115/08 10/16/09 10/22/08 10/23/09

ENO Response O Green: 3 or More Days OYellow: 2 Days @ Red: 1 Day or Less_]

The order of the bars is (from tob to bottom), red, yellow, green, and no response

EU Regulator Considers Relaxing Blood Donor Requirements for Flu Pandemic

The Blood Regulatory Committee of DG SANCO, the European regulator for blood requirements, is cori-
sidering relaxing two of its rules to help assure sufficient blood supplies should an HINI flu pa;ndemic
create shonagesi according to a summary report issued by the committee. Representatives from various
European countries and member states are concerned that a severe pandemic could result in a shortage of
blood components of up to 10 or 15 percent. ’ ¢

To .address thi; possibility, the committee asked the Eurapean Blood Alliance (EBA), the association of
nauon'fll. suppliers and regional alliances in Europe, and the national regulators (the so,—called “competent
authorities” for each European Union [EU} member state or country) to attend a meeting at the end of
Se;'iten?ber to discuss the potential impact of the flu on supply, to consider which rules might be relaxed to
maintain an adequate supply, and to gather information from the member states on the measures ana con-
tingency plans they are considering in case the biood supply is at risk because an NHINI influenza
pandemic affects both donors and the staffs of national blood services.

The B]pod Regulatory Committee sets standards of quality and safety for the collection testing

processing, storage, and distribution of human blood and blood components. In advance of the rr;eeting i;

prepargd a working paper providing background information on the following points to be addressed T,he

paper included: .

1. An overview of the potential impact of a pandemic on the blood supply in the EU;

2. Identification of the best ways to correct a potential impact and maintain supply; z;nd

3. An analysis of the potential conflicts between these strategies and the minimum standards for
blood and blood components set by the European legislation.

During the meeting, participants were provided with sev i iginati i
W eral supporting documents, originating from ei-
ther member states or the EBA. ) Hoe &

(continued on page 14)
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EBA Standards (continued from page 13)

Two EU standards were identified as being levers to increase the blood supply on an exceptional and
temporary basis in case of a severe shortage. The first involves the deferral period after a potential do-
nor’s recovery from a flu-like illness. The EU directive requires that 14 days must elapse between the end
of flu-like symptoms in a prospective donor and the donation. Most member states said that reducing this
deferral to seven days would have a major effect on accepting donors during a pandemic.

The membeér states and the committee agreed to request a risk assessment from the European Centre for
Disease Control and Prevention on the impact of reducing this deferral period from 14 days to seven or

even five days.

In terms of acceptable hemoglobin levels in donors prior to donation, current EU rules state thresholds of
12.5 grams per deciliter (g/dL) for women and 13.5 g/dL for men. There was a consensus among the del-
egates to the meeting that for a pandemic, these levels could be reduced to 12'and 13 g/dL, respectively,
without putting the health of the donors at risk.

FDA prefers to defer decisions. When a similar meeting was held earlier this year with officials from the
FDA Centers for Biologics Research and Review and representations of various blood organizations,
FDA said it preféred not to address “theoretical” questions on donor criteria, It said it would consider
such issues as needed. (Source: Blood Regulatory Committee, Summary Report, 9/29/09)

PEOPLE

Elizabeth G. Nabel will be leaving her current position as director of the
National Heart Lung and Blood Institute (NHLBI) at the National Institutes
of Health to become the next president of Brigham and Women’s Hospital
and Faulkner Hospital in Boston, the two medical centers announced on
Thursday. She will start the new job on January I, 2010, when the hospit-
als’ current president, Gary Gottlieb, becomes president and chief
executive of Boston’s Partners HealthCare, the parent organization of the .
two medical centers and Massachusetts General Hospital. He is replacing
James Mongan, who will be retiring at the end of the year. Nabel, a cardi-
ologist who graduated from Cornell University Medical College, has served
at Brigham and Women’s before: she completed her internship and residen-
cy in internal medicine there, as well as a clinical and research fellowship
in cardiovascular medicine. She served on the faculty at the University of
Michigan in the 1990s, and she joined NHLBI in 1999.

CORRECTION: An article in the Oct. 16, 2009, ABC Newsletter misstated the relationship between
Tom and Sue Zuck. She is his wife. We apologize for the mistake. é

Save the Date: FDA Workshop on Emerging Arboviruses

The blood banking community has learned that the Food and Drug Administration will be holding a
workshop on emerging arboviruses and recipient safety on Dec. 14-15, 2009 at the National Institutes of
Health-in Bethesda, Md. The official announcement will be made in the next few weeks. Pre-registration
for this free workshop will be required, and forms will be available at the time of the announcement.
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Association between Severe Pandemic 2009 Influenza
A (HIN1) Virus Infection and Immunoglobulin G,
Subclass Deficiency

C. L. Gordon,' P. D. R. Johnson," M. Permezel,’ N. E. Holmes,' G. Gutteridge,? €. . McDonald, D. P. Eisen,**

A.J. Stewardsan J. Edington,’ P. G. P. Charles,' N. Crinis,* M. J. Black.® J. Torresi," and M. L. Grayson, +*"
"Infectious Diseases, Untensive Care, *Bespiratory, and ‘Pathology Departments, Austin Health, *Depantment of Obstatrics and Gynaecology, Mercy
Haspital for Women, *Victorian Infectious Diseases Service, Royal Melbourne Hospital, University of Melbourne, Metbourne, ’Intensive Care Unit,
Bendigo Health, *Pathalogy Department, Alfred Health, *Department of Epidemiology and Preventive Medicine, Monash University,

and "“Department of Medicine, University of Melbourne. Melbourne, Australia

Background. Severe pandemic 2009 influenza A virus (HIN1) infection is associated with risk factors that
include pregnancy, obesity, and immunosuppression. After identification of immunoglobulin G, (IgG,) deficiency
in | severe case, we assessed IgG subclass levels in a cohort of patients with HINI infection.

Methods.  Patient features, including levels of serum IgG and [gG subclasses, were assessed in patients with
acute severe HIN1 infection (defined as infection requiring respiratory support in an intensive care unit), patients
with moderate HIN] infection (defined as inpatients not hospitalized-in an intensive care unit), and a random
sample of healthy pregnant women.

Results.  Among the 39 patients with HIN1 infection (19 with severe infection, 7 of whom were pregnant; 20
with moderate infection, 2 of whom were pregnant), hypoabuminemia (P<.001), anemia (P<.001), and low levels
of total [gG (P = .01), 1gG, (P = .022), and IgG, (15 of 19 vs 5.0f 20; P = .001; mean value % standard deviation
[SD), 1.8 £ 1.7 g/L vs 34 + 1.4 g/L; P = .003) were all statistically significantly associated with severs HIN1
infection, but only hypoalbuminemia (P-= .02) and low mean IgG, levels (P = .043) remained significant after
multivariate analysis. Follow-up of 15 (79%) surviving IgG,-deficient patients at a mean ( = SD) of 90 + 23 days
(R, 38-126) after the initial acute specimen was obtained found that hypoalbuminemia had resolved in most cases,
but 11 (73%) of 15 patients remained 1gG, deficient. Among 17 healthy pregnant control subjects, mildly low
IgG, and/or IgG, levels. were noted in 10, but pregnant patients with HiN1 infection had significantly lower levels
of IgG, (P= .001).

Conclusions, Severe HIN1 inféction is associated with 1gG, deficiency, which appears to persist in a majority
of patients. Pregnancy-related reductions in IgG, level may explain the increased severity of HIN1 infection in
some but not all pregnant patients. The role of IgG, deficiency in the pathogenesis of HIN1 infection requires
further investigation, because it may have-therapeutic implications. '

Since the onset of the current novel influenza A (HINY) pression, are associated with severe disease [1, 2). In
Victoria, Australia; which was one of. the key regions
for the HINI pandemic in the Southern Hemisphere

{3, 4], such risk factors have been frequently observed

virus pandemic, it has been recognized that certain risk
factors, such as pregnancy, obesity, and immunosup-

in our sickest patients, but the explanation for this

Received 21 August 2003; accepted 23 November 2008; electranically published
1 February 2010.

Presented in part. 43th Interscience Conference on Antimicrobial Agents and
Chemotherapy ICAAC), San Francisco. CA, 12-15 September 2009 (abstract Y~
1269b).

Reprints or correspondence; Prof M. Lindsay Grayson. infectious Diseases Dept,
Austin Hospital, Austin Health, PO Box 555, Studiey Rd, Heidelberg, VIC. Austratia
3084 {Lindsay.Grayson@austin.org.au}

Clinical Infectious Diseases 2010;50:672-678
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00l 10.1086/650462

association has remained- elusive [5].

We identified immunoglobulin G, (IgG,) subclass de-
ficiency in 1 young pregnant patient who had an un-
usual presentation with severe HIN1 infection that re- -
quired intensive cate unit (ICU) admission. Because of
this observation, we systematically assessed total IgG
and IgG subclasses in all patients with HINT infection
requiring ICU care {many of whom were pregnant) and

672 + CID 2010:50 (1 March) * Gordon et al




compared these results with those obtained from all inpatients
with less severe HINT infection (ie. those patients who did not
require ICU admission), as well as a random sample of healthy
pregnant women who presented for routine antenatal care.

METHODS

The study was initially undertaken at Austin Health (AH), a
tertiary university teaching hospital in Melbourne, Australia.
After the observation of IgG, deficiency in a patient with HIN!
infection, all patients with polymerase chain reaction (PCR)~
proven HINI infection who were sufficiently unwell to require
admission to AH underwent routine hematological and bio-
chemical assessment, had their serum immunoglobulin levels
and subclasses determined, and were reviewed for their clinical
features, demographic characteristics, and treatment outcome.
Acute-phase serum samples were either assessed prospectively
or were retrieved from storage for analysis; patients for whom
there were no appropriate stored serum samples were noted
but not included in the study. Because of the potential thera-
peutic implications of our initial findings, and after discussions
with the Department of Human Health Victoria, we subse-
quently broadened recruitment to 2 other hospitals in Victoria
(Royal Melbourne Hospital [RMH] and Bendigo Health {[BH]),
which were actively managing patients with severe HINI in-
fection and had ICU admission criteria that were similar to
those at AH, to obtain similar acute-phase scrum specimens
and clinical details.

The following definitions were used for the study: patients
with severe HIN1 infection were defined as those with con-
firmed HINI infection who required admission to the ICU for
respiratory (invasive or naninvasive mechanical ventilation)
and/or vasopressor support, whereas patients with moderate
HINI1 infection were defined as those who required hospital
inpatient (but not [CU) care. Community-acquired pneumonia
was defined according to the Infectious Diseases Society of
America guidelines [6].

The clinical and laboratory features of patients with severe
HINI infection at the 3 recruitment sites (AH, RMH, and BH)
were compared with those of patients with moderate HIN!
infection (AH). All patients who were found to be IgG subclass
deficient during their acute illness were followed up to obtain
convalescent immupoglobulin and 1gG subclass levels ta assess
whether the identified deficiency was transitory or persistent.

Because a large number of our patients with severe HIN1
infection were pregnant, we Investigated the immunological
status of a random sample of healthy pregnant women to com-
pare these results with those observed among pregnant women
with moderate and severe HINI infection. Thus, we obtained
serum samples from 15-20 healthy pregnant women who had

antenatal outpatient visits at the Mercy Hospital for Women
(Melbourne, Australia) on 19 or 20 July 2009,

All data were summarized and analyzed according to HIN1
infection severity (severe vs moderate), presence of pregnancy,
and, if the patient was pregnant, presence of HIN1 illness (pa-
tients with HIN1 infection vs healthy control subjects). Ethics
commmittee approval was obtained at all 4 participating centers
that undertook the study.

Laboratory assays. The presence of HINI infection was
confirmed by strain-specific PCR at the Victorian Infectious
Diseases Reference Laboratory and World Health Organization
Influenza Reference Laboratory (Melbourne, Australia) using
standard HINL assays.

Serum immunoglobulins (IgG, IgM, and IgA) were assessed |

using Both a Beckman IMMAGE 800 analyzer (Beckman Coul-
ter) and an Abbott Architect ci8200 analyzer (Abbott Labo-

ratories, Abbott Park) in accordance with the manufacturers’ -

instructions. Similarly, immunoglobulin subclasses (IgG,, IgG,,
IgG;, and IgG,) were measured using Binding Site Human IgG
Subclass kits on a Beckman IMMAGE 800 analyzer in accor-
dance with the manufacturer’s instructions. The reference
ranges for normal adults according to the manufacturer were
as follows: total [gG, 7.0-16.5 g/L; 1gG,, 3.8-9.3 g/L; 1gG,, 24—
7.0 g/L; 1gG,, 0.22-1.76 g/L; IgG,, 0.04-0.86 g/L. Routine he-
matological and biochemical analyses were performed in the
Pathology Departments at contributing hospitals.

Statistical analysis.  Univariate analysis was undertaken us-
ing Fisher's exact test, Student’s ¢ test, or the Wilcoxon rank-
sum test {as appropriate) with Stata software, version 8.2 (Stata
Corporation), to identify features associated with HINI infec-
tion severity. Variables that were potentially associated (P<.2)
on univariate analysis were included in a multivariate analysis
to identify features statistically associated with severe HIN1
infection. Similarly, a univariate analysis of the clinical and
laboratory features of healthy vs HINI-infected pregnant par-
ticipants was undertaken to assess for any associations with the
presence of HIN1 infection. A P value of <.05 was considered
to be statistically significant.

RESULTS

Severe versus moderate HIN! infection. A total of 47 patients
with acute HINT infection (19 with severe infection and 28

with moderate infection) were assessed from 30 May through

16 August 2009. Appropriate serum specimens were available
for 39 patients (19 with severe infection and 20 with moderate
infection), and results are shown in Table 1. Among the 8§
patients for whom no serum samples were available, no special
features were noted to explain the lack of stored serumn samples.

Patient demographic data and comorbidities for the 39 par-
ticipants were similar between the severe and moderate HIN1

1gG, Deficiency and Severe HINI Infection + CID 2010:50 (1 March). » 673

Table 1. Comparison of Results for Inmunaglabulin {Ig} Levels for Patients with Severe versus Moderate HINT Infection

Severe Moderate
HIN1 infection H1iN1 infection

Variable (n= 19 (n = 20) P.
Age, mean years * SD (range) 36 + 19 (16-79) 41 * 16 {13-78) .32
Male sex 7 1 .34
Pregnant” 7 ) 2 ’ .065
Comorbidity

Hematological mahgnancyb 1 2 SBQ

Solid-organ traasplantation : 0 2 49

Asthma {requiring inhaled corticosteroids only} 3¢ 6 ’ 45 .

Obesity 1© 3 .60

Diabetes mellitus . 3" 5¢ -.70
influenza-related myocarditis . 1 0 .
Pneumonia present® 16 4 <.001
1CU managemen[’ ‘

Endotracheal intubation/ventilation alone 12

Endotracheal intubation/ventilation plus ECMO

Noninvasive ventilationfhigh-flow oxygen 5
Mortality 2 0 .23
Laboratory results

Hemoglobin level, mean g/l (£ SD) 104 *+ 23 133+ 21 <.001

f.eukocyte count, mean cells X 10%L (=SD) 10.4 + 105 8.7 + 83 .66

Lymphocyte count, mean cells X 10%L (£ 5SD) 094 £ 05 3.0 £ 88 .31

Renal impairment {creatine level >110 umol/L) 4 3 .70

Abnormal fiver function 16’ " .08

Serum albumin level, mean g/t = SO {range)® 23 + 5(16-34) = 5(23-42) <001
Immunogichulin data '

Mean day (= SD} of HIN1 illness when serum immunoglobulins assessed {range} 6.2 £ 2.4 (3-11) 6.9 = 6.1 {1-23} . .67

Low IgA 3" 2" 66

Low IgM 7" & 86

Low total IgG : 12 4 01

Total 1gG levels, mean g/L {xSD) 7.2 £ 55 » 8.7 £ 24 T o..069

Patients with low 1gG, . 1" 4 022

1gG, levels, mean gfL {xSDy 42 = 39 5219 31

Patients with low (gG, 18’ ) .001

19G, levels, mean g/L {=SD) ’ ) 18+ 1.7 34 + 14 003 °

NOTE. Data are no. of patients, unless otherwise indicated. Severe HIN1 infection was defined as requiring intensive care unit {{CU} admission and
respiratory support. Moderate HING intection was defined as requiring hospital admission but not ICU admission. ECMO, extra-corporeal membrane oxy-
genation: SO. standard deviation

® Ot the 7 pregnant women with severe HIN1 infection, 2 had mild asthma {rot using inhaled corticosterdids), whereas 1 pregnant woman'with moderate * -
HlN\ infection had both type 2 diabetes mellitus and obesity.

® One patient in each group had chronic lymphocytic leukemia
€ One patient had obesity and diabetes, and 1 patient had asthma and diabetes. Al 3 patients had type 2 diabetes.

4 One patient had asthma, obesity, and diabetes; 2 patients had obesity and disbetes: 3 patients had asthma and diabetes; 1 patient had obesrty and.
asthma. Two of 5 patients had type 1 diabetes, and 3 of 5 patients had type 2 diabetes. -

® Community-acquired pneumonia was defined according 10 Infectious Diseases Society of Amaerica guidelines (6)

' Among patients who required endotracheal intubation/ventilation alone, ECMO, and noninvasive ventilation/high-flow oxygen, pregnancy was present in
4,1, and 2 patignts, respectively.

9 Serum albumin level on same day that immunoglobulin fevels were measured.

" Deficiencies in IgM and IgA were all mild.

' An additional patient who was 16 years and 11 months of age was not reported to have deficientimmunaglobulin levels, because her immunoglobulin
levels were within the pediatric range; however, these values would have been considered to be deficient if the adult (defined as =17 years of age) normat
range values had been used. .
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Figure 1. Serum immunoglabulin G {1g6) {1otal), 1gG,. and IgG, levels for patients with acute HIN1 infection stratified according to disease severity
{severe vs moderate) and compared with healthy pregnant {Preg) patients. Data are shown for pregnant patients with HINT infection (@), nonpregnant
patients with HIN1 infection (). and healthy pregnant control patients (O, Dashed line, mean value of each grouping. dotted fine, fower fimit of

normal adult range for the relevant immunoglobulin.

infection groups, except that pregnancy was more common
among patients in the severe HIN1 infection group (7 of 19
vs 2 of 20); however, this difference did not achieve statistical
significance (P = .065; Table 1).

Hypoalbuminemia and anemia were more common among
patients with severe HINT infection (P< .00l for both; Table
1). Similarly, the presence of severe HIN1 infection was sig-
nificantly associated with low levels of total IgG (12 of 19 vs
4 of 20 patients; P = .01), 1gG, (11 of 19 vs 4 of 20 patients;
P = 022) and [gG, (15 of 19 vs 5 of 20 patients; £ = .00
Table 1 and Figure 1), compared with patients with moderate
HINT1 infection. Furthermore, 1 patient with severe HINI in-
fection (patient A) was a pregnant woman at 21 weeks gestation
(age, 16 years and 11 months) who had an IgG, level of 1.1 g/
L, which was reported as normal on the basis of the IgG,
reference ranges used for children (age <16 years: 0.6-5.0 ¢/
L) but would have been considered to. be deficient if the adult

nemia (P = .024). After this analysis, only low mean serum
concentrations of IgG, and albumin remained statistically sig-
nificantly associated with severe HINT infection, compared
with moderate HIN1 infection (P = .043 and P = .02, re-
spectively; Table 2).

Among the 21 patients identified as IgG, deficient during
the acute stage of HINI infection (16 with severe infection,
including patient &; 5 with moderate infection), convalescent
serum samples was obtained from 15 patients (71%; 11 with
severe infection, 6 of whom were pregnant; 4 with moderate
infection, | of whom was pregnant) a mean (+SD) of 90 *
23 days (range, 38—126‘days) after the initial acute-phase spec-
imen was obtained. Convalescent-phase serum samples were
not available for 6 patients, because 2 had died, 3 were not
contactable, and 1 refused testing. Serum IgG, results are shown
in Figure 2. Among the 11 patients with previous severe HINL
infection, serum [gG, levels remained in the deficient range for

IgG2 with recovery - Severe HIN1

lgG2 with recovery - Moderate HIN1
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Figure 2. Comparison of serum immuﬁogiobulin G subclass 2 [lgG,) tevels among patients with 195, deficiency during severe HINT infection and
with recovery {nonpregnant and pregnant women). Data-are shown for pregnant patients with HIN' infection (@) and nonpregnant patients with
HINT infection (). Dashed fine, pregnant patient at time of initial 1gG, sample; dotted /ine. lower limit of normal adult range for 1gG,

HIN1 infection, but this was 77 days before testing of con-
valescent-phase serum samples. Notably, the only patient with
severe HINI infection with normal convalescent-phase IgG,
levels who was nonpregnant was only mildly deficient during
the acute phase of illness (acute-phase IgG, level, 2.1'g/L; con-
valescent-phase 1gG, level, 2.6 g/L; normal range, 2.4 g/L).
Of the 4 patients with moderate HINI infection who were
assessed at follow-up, 3 remained IgG, deficient, including 1
woman who was still pregnant at this time (Figure 2).
Persistence of immunoglobulin deficiency was less promi-
nent for non-IgG, subclasses.. Among the 8 patients with severe
HINI infection who were initially deficient in IgG,, 6 had
normal IgG, levels on tésting of convalescent-phase serum sam-
ples (data not shown). Similarly, hypoalbuminemia had re-

" solved in miost patients (9 of 14 assessable patients); however,

of the other 5 patients, 2 remained pregnant at the time of
follow-up.

Immunoglobulin levels and pregnancy. A total of 9 pa-
tients with HIN1 infection were pregnant (23%; Table 1). Se-
rum immunoglobulin levels for these patients were compared
with levels for 17 healthy pregnant control subjects, and resuits
are shown in Figure | and Table 3. The healthy pregnant wormen
were slightly older than those with HINI infection, but both
groups were similar with regard to mean gestation period (Table
3). Among the 17 healthy patients, 10 had mildly low IgG, and/
or [gG, levels, compared with the standard reference range for
nonpregnant women (IgG, alone, 4 patients; [gG, alone, 4 pa-
tients; 1gG, and IgG,, 2 patients). However, pregnant women
with H1N1 infection had signiﬁcar{tly lower mean levels of total
1gG (P<.001), IgG, (P = .005), and IgG, (P = .001) than did
the 17 control subjects (Table 3 and Figure 1).

Table 3.. Comparison of Results for Pregnant Women with HIN1 Infection versus Healthy Control

reference ranges (age =17 years: 2.4-7.0 g/L) had been applied. 8 (73%; 3 postpartum, one pregnant; and 4 nonpregnant; Fig- Subjects

Assessment of the mean ( = standard deviation [SD]) con- ure2). Two of the 3 patients with severe HIN1 infection with
centrations of total 1gG and IgG subclasses demonstrated that normal convalescent serum IgG, levels were postpartum Patients with Healthy
patients with severe HIN1 infection had significantly lower women: | of these 2 women had received intravenous pooled voriati HIN1 infection® control subjects®

. . ar, = =
evels of 1gG, (and therefore lower levels of total IgG) than did immunoglobulin as a component of her therapy for severe faote ln=19 n =17 P
patients with moderate HIN' infection (Table 1). However, the ége. mean years SkD 1ransge) 2; + 6.2 (;6—37) 30 = 3.9 (20-36) .008
" P = estation, mean weeks * 8D {rangel 32 = 6.0(21-38) 35 = 2.9 (28-40) 16
mean { = 5D) levels of [gG, (4.2 £ 3.9 vs 5.2: 1.9 g/Ld o Table 2. Multivariate Analysis of Features Potentially Asso- Low total IgG % 3 008
-31), 1gG, (0.50 = 0.28 vs 0.77 = 0.55 gL P = ‘07? af“ 854 ciated with Severe versus Moderate HIN1 Infection Total {gG level, mean g/L (+SD) 52 = 1.7 85 + 1.7 <.001
(0.28 = 043 vs 0.24 £ 0.24; P = .68) were not significantly Low 1gG 6 6 22
differ;}i:;elr\vﬂefenfanz;'ts wit};)severe and patients with mod- (%Qd:;;iad‘i;ce Mean (= SO} 1gG, level, mean ofL { SD) g e 11 0 =15 e
ection (Figure 1}, N

erate .m‘ ! & . - Variable interval) P Low IgG, 7 6 097

The association between pregnancy, hypoalbuminemia, ane- G, level, mean g/l {=SD) 15+ 10 28 = 08 o

8.9 (032-2482) .20
1.01 (0.94-1.08 .80
Mean serum albumin per g/L 1.6 (1.08-2.3} .02
Mean immunoglobulin G, level per g/l 2.28 (1.03-4 92} 043

mia, and low levels of IgG, with severe HIN1 infection were Pregnancy

assessed in a multivariate model: The results are shown in Table Mean hemoglobin per g/L
2. Abnormal liver function test results were not included in
this analysis, because they were correlated with hypoalbumi-

NOTE. Data are no. of patients, untess otherwise indicated. igG, immunoglobulin G

® Including 7 patients with severs HI1N1 infection and 2 patients with moderate HIN1 infection.

® Two healthy pregnant patients had gestational diabetes.

< An additional patient who was 16 years and 11 months of aga was not feported to have deficient immunoglobutin
levels, because her Immunoglobulin levels were within the pediatric range: however, these values would have been
considered to be deficient if the adult (defined as =17 years of age} normai range values had been used.
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DISCUSSION

Although a number of authors have described the clinical fea-
wres of HINY infection [7-9), including those of pregnancy
as a risk factor for severe HINI infection (10}, this is, to our
knowledge, the first report to identify a potential association
between HINL disease severity and the presence of immuno-
globu]m subclass deficiency. Patients with severe HIN1 infec-
tion were significantly more likely to be deficient in IgG, than
were patients with moderate HIN} infection (P = 001); 1gG,
deficiency was not necessarily noticeable if only total 1gG levels
were assessed. Furthermore, our findings suggest that, for the
majority of such patients (11 of 15 patients; 73%), 1gG, defi-
ciency persists after recovery from HINI infection, regardless
of whether the illness was associated with possible risk factors,
such as pregnancy. Low IgG, levels are therefore less likely ta
be simply related to a severe inflammatory response, as is some-
times noted for acute-phase reactants, such as albumin, creatine
kinase, and lactate dehydrogenase {8, 11].

1gG subclass deficiency is usually asymptomatic, and low
levels of 1 or more [gG subclasses can be found in 2%-20%
of healthy individuals [12, 13]. If symptomatic, patients with
IgG subclass deficiency tend to have recurrent sinopulmonary
bacterial infections {13}. However, to our knowledge, IgG sub-
class deficiency has not been studied in detail in humans with
influenza infection, although in mouse models, anti-influenza
antibody (and specifically IgG) has a key role in virus control
in the lower respiratory tract, compared with the upper res-
piratory tract [14, 15). In humans, Logtenberg et al [16] de-
scribed a single patient with severe transitory hypogamma-
vglobulinemia associated with acute influenza A virus infec-
tion. However, in this case, all immunoglobulin classes (IgG,
1gM, and [gA) were affected. Other than this teport, we can
find no other association between influenza and immunoglob-
ulin deficiency.

Thus, it is uncertain whether we have simply identified a
cohort of patients with HINU infection with underlying un-
recognized IgG, deficiency, or whether there is an interaction
between the HINI virus and the host that leads to such de-
ficiency. Given that the half-life of IgG, is ~3 weeks [17], a
potent and specific interaction between HINT virus and host
B cells would need to occur to lead to such a precipitous de-
crease in serum IgG, Bone marrow apoptosis of B cells by
influenza virus has been demonstrated in mice (18], but how
this relates to disease in humans remains unclear. However, the

fact that the 1gG, deficiency that we identified appears to persist

in most cases long after disease resolution (convalescent serum
samples were collected a mean (£ SD) of 90 £ 23 days after
the acute phase of illness) suggests the possibility of potential
long-term implications for these patients and that follow-up
of moderate and severe cases of HINT infection may be war-

ranted.

Because of our findings, we hypothesize that IgG, deficiency
may be associated with an inability to mount an early effective
immune response to influenza and may therefore be linked to
severe disease. Furthermore, if the IgG, deficiency that we ob-
served is long-lasting or permanent, will this affect the patients’
likely response to influenza vaccination? Response to influenza
vaccination is measured by specific neutralization assays, rather
than by total immunoglobulin concentrations, and it is not
known whether response to influenza vaccination by individ-
uals who are [gG, subclass deficient is diminished.

Pregnancy is a known risk factor for increased severity of
both seasonal and pandemic influenza infections [19~23],
which is thought to be attributable to pregnancy-related phys-
iologic and immunologic changes, such as decreased lung ca-
pacity and increased cardiovascular demand, as well as a shift
away from cell-mediated immunity to humoral immunity (24).
Our finding that a substantial number (10 of 17) of our healthy
pregnant cohort had mildly low IgG, and/or IgG, levels is con-.
sistent with the known decrease in immunoglobulin levels that
occurs during normal pregnancy and resolves after delivery [25,
26]. Low 1gG, levels in pregnant women could therefore po-
tentially explain why pregnancy appears to be a risk factor for
severe HIN1 infection {2-4]). However, this alone does not
appear to explain the significantly lower levels of [gG, observed
among pregnant patients with HIN1 infection, compared with
levels among our healthy pregnant gontrol subjects (P = .001),
nor the fact that 1gG, deficiency persisted postpartum in some
women with severe HIN1 infection.

Although 1gG, deficiency appears to be associated with HINI
infection severity, it remains uncertain whether administration
of immunoglobulin to patients who are IgG, deficient is likely
to be therapeutically beneficial. We administered pooled im-
munoglobulin to some of our patients with severe HINI in-
fection who had [gG, deficiency, but our observations were
uncontrolled, Nevertheless, convalescent blood products were
administered during the Spanish influenza pandemic with a
reduction in mortality [27], and more recently, convalescent-
phase plasma samples obtained from a patient who recovered
from HSN1 influenza infection was used successfully [28]. Fur-
ther investigation of the use of convalescent-phase blood prod-
ucts in severe pandemic HIN1 infection is needed.

Our study has a number of important limitations, including
being of relatively limited size and lacking suitable specimens
to analyze patient cellular immunity or to assess influenza virus
neutralization, and we have not compared our findings with”
those that might be expected among healthy nonpregnant con-
trol subjects. Furthermore, with the number of cases of HINT.
infection now decreasing in Australia, our findings need to be
confirmed in other geographical locations (although the HIN1
strain circulating in Victoria appears to be the same as that
isolated in the Northern Hemisphere) {4].

1gG, Deficiency and Severe HIN1 Infection + CID 2010:50 (1 March) < 677

Nevertheless, we considered our finding of a statistically sig-
nificant association between 1gG, deficiency and HINI infec-
tion severity to be sufficiently notable and hypothesis-gener-
ating in terms of potential clinica! therapeutic importance that
prompt notification of these data to clinicians managing cases
of HINI infection was warranted,
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